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FOREWORD 

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of 
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of 
Health; the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health; 
the National Center for Toxicological Research (NCTR), Food and Drug Administration; and the 
National Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 
1981, the Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP 
coordinates the relevant programs, staff, and resources from these Public Health Service agencies 
relating to basic and applied research and to biological assay development and validation. 

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and 
hazardous chemicals. This knowledge is used for protecting the health of the American people and for 
the primary prevention of disease. 

The studies described in this Technical Report were performed under the direction of the NIEHS and 
were conducted in compliance with NTP laboratory health and safety requirements and must meet or 
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in 
accordance with the Public Health Service Policy on Humane CCare and Use of Animals. The prechronie 
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good 
Laboratory Practice Regulations and all aspects of the chronic studies were subjected to retrospective 
quality assurance audits before being presented for public review. 

These studies are designed and conducted to characterize and evaluate the toxicologic potential, 
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and 
mice). Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the 
bases of human exposure, level of production, and chemical structure. Selection per  se is not an 
indicator of a chemical's carcinogenic potential. 

These NTP Technical Reports are available for sale from the National Technical Information Service, 
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single 
copies of this Technical Report are available without charge while supplies last from the NTP Central 
Data Management, NIEHS, P.O. Box 12233, MD A0-01, Research Triangle Park, NC 27709 
(919-541-1371). 
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ABSTRACT 

Clz 

Chlorine 

CAS No.: 7782-50-5 
Molecular Weight: 70.9 
gas 

NaOCI 

Sodium Hypochiorite 

CAS No.: 7681-52-9 
Molecular Weight: 74.4 
solid 

NH2CI 

Chloramine 

CAS No.: 10599-90-3 
Molecular Weight: 51.48 
colorless liquid 

Chlorine and chloramine are used as disinfectants in 
water supplies to prevent the spread of  waterborne 
diseases. The U.S. Environmental Protection 
Agency and the U.S. Congress, through the Safe 
Drinking Water Acts and Amendments, initiated 
studies to determine the most effective way to 
disinfect water supplies and, at the same time, 
minimize any potential long-term health effects 
associated with direct chemical exposure or indirect 
chemical exposure through the formation of by- 
products. As part of this evaluation, 2-year studies 
of  chlorinated or chloraminated deionized 
charcoal-filtered drinking water were conducted in 
F344/N rats and B6C3F1 mice to determine the 
potential toxicity and carcinogenicity associated with 
prolonged exposure and eliminate possible 
confounding effects of byproducts of  chlorination. 

Chlorinated Water Studies 
Water containing 0, 70, 140, or 275 ppm chlorine 
(based on available atomic chlorine) was provided to 
groups of  70 F344/N rats or B6C3F1 mice of  each 
sex for up to 2 years. Groups of 10 rats or mice of 
each sex were predesignated for evaluation at 14 or 
15 weeks and 66 weeks. 

Survival at 2 years of  rats and mice receiving 
chlorinated water was similar to that of the con- 
trois. Mean body weights of dosed male rats, high- 
dose female rats, and dosed mice were slightly lower 
than those of  their respective control groups. There 
was a dose-related decrease in water consumption by 
rats and mice. Water consumption by high-dose rats 
during the second year of  the studies was 21% lower 
than controls for males and 23% lower than con- 
trols for females; water consumption by high-dose 

mice was 31% lower than controls for males and 
26% lower than controls for females. 

The incidence of  mononuclear cell leukemia in 
mid-dose, but not high-dose, female rats was signif- 
icantly higher than that in controls (control, 8/50; 
low-dose, 7/50; mid-dose, 19/51; high-dose, 16/50). 
The proportion of  female rats that died of leukemia 
before the end of  the study and the mean time for 
observation of  animals dying with leukemia were 
similar among all dose groups and controls. 
Although the marginal increase in leukemia 
incidence in the mid- and high-dose female rats 
suggested a possible association with the admin- 
istration of  chlorinated water, the incidence of  
leukemia was not clearly dose related. There was 
no indication of  reduced latency of  leukemia, and 
the incidence of  leukemia in concurrent controls was 
less than the mean for historical controls; further- 
more, there was no supporting evidence of an effect 
in male rats. Thus, the marginal increase in leu- 
kemia incidence in female rats was considered 
equivocal evidence of carcinogenic activity. There 
were no neoplasms or nonneoplastic lesions in male 
rats or in male or female mice that were clearly 
associated with the consumption of chlorinated 
water. 

Chloraminated Water Studies 
Water containing 50, 100, or 200 ppm chloramine 
was provided to groups of  70 F344/N rats or B6C3F 1 
mice of each sex for up to 2 years. The same 
control groups were used for the chlorinated water 
and chloraminated water studies. Groups of 9 or 10 
rats or mice of  each sex were evaluated at 14 or 15 
weeks and 66 weeks. 
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Survival at 2 years of rats and mice receiving 
chloraminated water was similar to that of the 
controls. Mean body weights of high-dose rats and 
dosed mice were lower than those of their respective 
control groups. There was a dose-related decrease 
in water consumption by rats and mice. Water 
consumption during the second year of the studies 
by high-dose rats was 34% lower than controls for 
males and 31% lower than controls for females; 
water consumption by high-dose mice was 42% 
lower than controls for males and 40% lower than 
controls for females. 

Mononuclear cell leukemia occurred with a margin- 
ally increased incidence in the mid- and high-dose 
female rats receiving chloraminated water (control, 
8/50; low dose, 11/50; mid dose, 15/50; and high 
dose, 16/50). As in female rats receiving chlorinated 
water, the proportion of female rats that died of 
leukemia before the end of the study and the mean 
time for observation of animals dying with leukemia 
were similar among all dose groups and controls. 
The marginal increase in leukemia incidence in 
females receiving chloraminated water was consid- 
ered equivocal evidence of carcinogenic activity for 
the same reasons given for female rats receiving 
chlorinated water. There were no neoplasms or 

nonneoplastic lesions in male rats or in male or 
female mice that were clearly associated with the 
consumption of chloraminated water. 

Conclusions 
Under the conditions of these 2-year drinking water 
studies, there was no evidence of carcinogenic activity" 
of chlorinated water in male F344/N rats receiving 
70, 140, or 275 ppm. There was equivocal evidence 
of carcinogenic activity of chlorinated water in female 
F344/N rats based on an increase in the incidence of 
mononuclear cell leukemia. There was no evidence 
of carcinogenic activity of chlorinated water in male 
or female B6C3F1 mice receiving 70, 140, or 
275 ppm. 

Under the conditions of these 2-year drinking water 
studies, there was no evidence of carcinogenic activity 
of chloraminated water in male F344]N rats 
receiving 50, 100, or 200 ppm. There was equivocal 
evidence of carcinogenic activity of chloraminateA 
water in female F344/N rats based on an increase 
in the incidence of mononuclear cell leukemia. 
There was no evidence of carcinogenic activity of 
chloraminated water in male or female B6C3F 1 mice 
receiving 50, 100, or 200 ppm. 

* F..xplanation of Levels of Evidence of Carcinogenic Activity is on page 8. A summary of peer review comments and the public 
discussion on this Technical Report appears on page 10. 
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S u m m a r y  o f  t h e  2 - Y e a r  C a r c i n o g e n e s i s  S t u d i e s  o f  C h l o r i n a t e d  W a t e r  

Variable Male Female Male Female  
F344/N Rats  F344/N Rats  B6C3F t Mice B6C3F t Mice 

Doses 

2-Year survival rates 

O, 70, 140, or O, 70, 140, or O, 70, 140, or O, 70, 140, or 
275 ppm in 275 ppm in 275 ppm in 275 ppm in 
buffered water buffered water buffered water buffered water 

14/51, 6/51, 16/50, 31/50, 31/50, 28/51, 34/50, 28/50, 35/50, 33/50, 31/51, 28/50, 
17/51 35/50 32/51 35/50 

Body weights Slightly lower High-dose Slightly lower Slightly lower 
than controls slightly lower than controls than controls 

than controls 

Mid- and high-dose Dosed less Dosed less Dosed less 
less than controls than controls than controls than controls 

None None None None 

None Mononuclear cell None None 
leukemia (8/50, 
7/50, 19/51, 16/50) 

Water  consumption 

Nonneoplastic effects 

Neoplastic effects 

Level of  evidence of  carcinogenic activity 
No evidence Equivocal evidence No evidence No evidence 

S u m m a r y  o f  t h e  2 - Y e a r  C a r c i n o g e n e s i s  S t u d i e s  o f  C h l o r a m i n a t e d  W a t e r  

Variable Male Female Male  Female  
F344/N Rats  F344/N Rats  B6C3F t Mice B6C3F t Mice 

Doses 0, 50, 100, or 0, 50, 100, or 
200 ppm in 200 ppm in 
buffered water buffered water 

2-Year survival rates 14/51; 22/50; 14/51; 31/50; 28/50; 29/50; 
16/50 24/50 

Body weights High-dose lower High-dose lower 
than controls than controls 

Wate r  consumption Dosed less Dosed less 
than controls than controls 

Nonneoplastic effects None None 

Neoplastic effects None Mononuclear cell 
leukemia (8/50, 
11/50, 15/50, 16/50) 

0, 50, 100, or 
200 ppm in 
buffered water 

34/50; 23/50; 34/50; 
37/51 

Dosed lower 
than controls 

Dosed less 
than controls 

None 

None 

0, 50, 100, or 
200 ppm in 
buffered water 

33/50; 32/50; 35/50; 
42/50 

Dosed lower 
than controls 

Dosed less 
than controls 

None 

None 

Level of  evidence of  carcinogenic activity 
No evidence Equivocal evidence No evidence No evidence 
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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, epidemiologie studies, and 
estimates of exposure. Thus, the actual determination of  risk to humans from chemicals found to be carcinogenic in laboratory 
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 of the 
evidence 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 experiments 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. 

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 a combination of  malignant and benign neoplasms, or  (iii) marked 
increase of benign neoplasms if there 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 chemical-related 
increased incidence of neoplasms (malignant, benign, or  combined) in which the strength of  the response is less than that 
required for clear evidence. 

• Equivocal evidence of  carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase 
of neoplasms that may be chemical related. 

• No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related 
increases in malignant or benign neoplasms. 

• Inadequate study of carcinogenic activity describes studies that because of major qualitative or  quantitative 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 extend 
the actual boundary of  an 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: 

• 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 prrogression 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 organ 
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 of dose relationships; 
• The statistical significance of the observed tumor increase; 
• The concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm; 
• Survival-adjusted analyses and false positive or  false negative concerns; 
• Structure-activity correlations; and 
• In some cases, genetic toxicology. 
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SUMMARY OF PEER REVIEW COMMENTS 

On November 19, 1990, the draft Technical Report  
on the toxicology and carcinogenesis studies of 
chlorinated and chloraminated water received public 
review by the National Toxicology Program Board of 
Scientific Counselors'  Technical Reports Review 
Committee and associated Panel of  Experts. The 
review meeting was held at the National Institute of  
Environmental  Health Sciences, Research Triangle 
Park, NC. 

Dr. J.K. Dunnick, NIEHS, introduced the toxicology 
and carcinogenesis studies of chlorinated and 
chloraminated water by discussing the uses of  
chlorine and chloramine, experimental design, 
survival and water consumption in rats and mice, 
and results. The proposed conclusions were that 
there was no evidence off carcinogenic activity of 
chlorinated water for male F344/N rats or male or 
female B6C3F1 mice and equivocal evidence off 
carcinogenic activity of  chlorinated water for female 
F344/N rats. There was no evidence of carcinogenic 
activity of chloraminated water for male F344/N rats 
or male or female B6C3F1 mice and equivocal 
evidence of carcinogenic activity of chloraminated 
water for female F344/N rats. 

Dr. Longnecker, the first principal reviewer, agreed 
with the conclusions but asked for more discussion 
of the rationale for equivocal evidence in female rats. 
He  asked why there was such low survival in dosed 
and control male rats and what impact this low 
survival might have had on the validity of  the 
studies. Dr. S. Eustis, NIEHS, commented that 
higher incidences of  leukemias, pituitary gland 
tumors, and kidney disease contributed to lower 
survival in male rats in these studies as well as in 
other more recent studies. 

Dr. Goodman, the second principal reviewer, agreed 
with the conclusions in male rats and male and 
female mice, but did not agree with the conclusions 
in female rats, which he recommended be changed 
to no evidence of carcinogenic activity. He cited the 
high and variable incidence of leukemias in 
historical controls, noting that the incidences of  
leukemias in treated groups in these studies were 
within the range of historical controls, the relatively 
low incidence in concurrent controls, and the lack of 
a dose-response relationship. He further noted that 

the statistical significance (P<0.05) was marginal for 
such commonly occurring neoplasms. Dr. Dunnick 
responded by saying that emphasis is given primarily 
to concurrent control values. 

Dr. Ashby, the third principal reviewer, agreed with 
the conclusions. He commented that because the 
water used had been treated with activated carbon 
and deionized prior to chlorination, a more descrip- 
tive title than "chlorinated drinking water" might be 
appropriate. Dr. Dunnick said text would be added 
to the Abstract and elsewhere to point out that the 
studies were intended to determine the toxicity and 
carcinogenicity of  chlorinated or chloraminated 
water without the confounding effects of byproducts. 
Dr. Ashby expressed concern about the survival of  
male rats and its effect on the adequacy of the 
studies. Dr. J. Haseman, NIEHS, said that, in the 
judgment of  the NTP, survival of  male rats was 
sufficient to permit an evaluation of  carcinogenicity. 

There was some debate over whether discussion of 
the effects of  trihalomethanes should be included, as 
the water purification processes would have removed 
any of these chemicals present. Dr. Silbergeld 
questioned the relevance to human exposure. There 
was also considerable discussion about the variability 
and increasing incidence of  mononuclear  cell 
leukemias in rats and how this affected the inter- 
pretation of the findings in dosed female rats. 

Dr. Longnecker moved that the draft Technical 
Report  on the studies of chlorinated and 
chloraminated water be accepted with the revisions 
discussed, including a modification of the report  title 
and of  the description of  what was tested, and with 
the conclusions as written for male rats and male 
and female mice, no evidence of carcinogenic activity, 
and for female rats, equivocal evidence of carcino- 
genic activity. Dr. Ashby seconded the motion. 
Dr. Zeise offered an amendment  that the studies of  
chlorinated water in male rats be considered an 
inadequate study of carcinogenic activity due to poor  
survival and inadequate dosing. Dr. Silbergeld 
seconded the motion, which was defeated by ten 
votes to two (Drs. Silbergeld, Zeise). Dr. Goodman 
offered an amendment  that the conclusions in 
female rats be changed to no evidence of carcinogenic 
activity. Dr. Carlson seconded the motion, which 
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was defeated by nine votes to three (Drs. Carlson, 
Gold, Goodman). The original motion by 
Dr. Longnecker was then accepted by eight votes to 

three (Drs. Carlson, Gold, Goodman), with one 
abstention (Dr. Silbergeld). 
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Chlorine 

CAS No.: 7782-50-5 
Molecular Weight: 70.9 
gas 

NaOCI 

Sodium Hypochlorite 

CAS No.: 7681-52-9 
Molecular Weight: 74.4 
solid 

NH2C! 

Chloramine 

CAS No.: 10599-90-3 
Molecular Weight: 51.48 
colorless liquid 

Chlorine was first introduced into an urban water 
supply in the United States in 1908 as a method for 
reducing the bacterial count (NRC, 1977). 
Chlorination is still the predominant method of 
water disinfection practiced in the United States 
(NRC, 1987). Once in the drinking water supplies, 
chlorine may react with organic material to produce 
various organic byproducts, including trihalo- 
methanes. A recent survey of 35 water treatment 
facilities showed that common disinfection 
byproducts found in US drinking water include 
trihalomethanes, haloacetic acid, haloketones, and 
haloacetonitriles (Krasner et  al.,  1989). The amount 
of these compounds in the water supplies varied 
with the source of water, season, and other factors 
specific to the particular water treatment facilities. 

The National Cancer Institute and the National 
Institute of Environmental Health Sciences (NCI, 
1976b; NTP, 1985a, 1987, 1989b) have reported 
tumors in rodents caused by the trihalomethanes - 
chloroform, chlorodibromomethane, bromodichloro- 
methane, and bromoform. Mink et  al. (1983) 
showed that after oral administration of sodium 
hypochlorite to rats, trihalomethanes were found in 
the plasma, indicating that chlorine can also form 
byproducts/n vivo as well as/n vitro. 

Because of the concern over the carcinogenic 
potential of the trihalomethanes, the U.S. 
Environmental Protection Agency (USEPA) is 
considering alternative ways to disinfect water 
supplies, including the use of chloramine. The Safe 
Drinking Water Act of 1974 required a reexamina- 
tion of national drinking water standards and 
initiated studies on the adverse health effects of 

drinking water contaminants (NRC, 1977; USEPA, 
1977; CCotruvo, 1984; McGuire and Meadow, 1988; 
USEPA, 1988). Several groups have studied the 
long-term effects of consuming chlorinated surface 
water versus non-chlorinated ground water. The 
composition of the chlorinated water was variable, 
and the risk from a specific chemical such as chlor- 
ine or a chlorinated byproduct could not be identi- 
fied. The USEPA requested that the NTP conduct 
2-year rodent studies of chlorine and chloramine to 
evaluate the carcinogenic potential of these water 
disinfectants. 

Chlorine effectively inactivates bacteria in 20 min- 
utes at concentrations of 0.03 to 0.06 mg/L at a pH 
range of 7.0 to 8.5 and a temperature range of 4* to 
22* C (Brodtmann and Russo, 197/9; NRC, 1980; 
USEPA, 1989). One hundred percent inactivation 
of bacteria is achieved at a chloramine concentration 
of 0.6 mg/L at pH 7 or at a concentration of 
1.2 mg/L at pH 8.5 with an exposure period of 60 
minutes and a temperature of 20 *C. Typical 
residue levels in treated water are up to 1.5 mg/L 
(1.5 ppm) for chlorine and up to 4.0 mg/L (4 ppm) 
for chloramine (USEPA, 1988). 

CHEMISTRY OF C H L O R I N E  AND 
C H L O R A M I N E  
Chlorination of water occurs through the addition 
of chlorine gas (C12) or hypochlorite salts, such as 
NaOC1. The reaction of chlorine gas and water is 
as follows: 

CI 2 +  H2 O = H O C I  + H + + CI- 
HOCI = H + + OCI" 
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The total concentrations of hypochlorous acid 
(HOCI) and hypochlorite ions (OCl) are expressed 
as available atomic chlorine (free chlorine) and are 
used to express chlorine concentration in this report 
(Jolley and Carpenter, 1983). 

Inorganic chloramines are formed when water 
containing ammonia is chlorinated. Monochlor- 
amine (NH2C1) is the primary chloramine formed 
when the pH of ammonia-containing water is greater 
than 8, and the molar ratio of hypochlorite to 
ammonia is less than 1 (Figure 1) (Jolley and 
Carpenter, 1983; Morris and Isaac, 1983). The 
reaction involved in this process is: 

NH 3 + HOC1 = NHzCI + HzO 

Dichloramine and trichloramine may be formed at 
lower pH (Morris and Isaac, 1983). In the studies 
reported here, pH was kept at 9 to minimize the 
formation of these other chloramines. 

Chloramine (also called monochloramine) is a 
colorless, pungent liquid. Monochloramine differs 
from the commercial products chloramine B, chlora- 
mine T, and dichloramine T, which are organic 
compounds synthesized through the chlorination of 
benzene sulfonamide or para-toluene sulfonamide 
(USEPA, 1989). 

In water, both chlorine and monochloramine can 
substitute a chlorine atom for a hydrogen atom in 
organic compounds to form halomethanes. Mono- 
chloramine is less reactive than chlorine in the 
formation of trihalomethanes (Stevens et aL, 1978; 
USEPA, 1989). Rickabaugh and Kinman (1978) 
found that chloramination resulted in the formation 
of 90% fewer trihalomethanes than did chlorination 
using hypochlorous acid. 

Studies on the chemistry of chlorine and chloramine 
have shown that hypochlorous acid may react with 
amino acids (Pereira et al., 1973), cytosine (Patton 
et al., 1972) and other pyrimidine and purine bases 
(Hoyano et al., 1973), and nucleic acids (Oliveri 
et al., 1980) to produce chlorinated derivatives. 
Chlorine and chloramine also serve as oxidizing 
agents (Kirk-Othmer, 1964). 

Production, Use, and Exposure 
Chlorine production in the United States is reported 
to be 10,753,109 short tons. Besides its use as a 

water disinfectant, chlorine is also used in the pulp 
and paper industry for bleaching and in the produc- 
tion of plastic and resins for the manufacture of 
upholstery fabrics, floor coverings, food packaging, 
films, bottles, utensils, hose and tubing, and elec- 
trical insulation. Chlorine is an intermediate for the 
production of automotive fluids, such as ethylene 
glycol antifreeze and ethylene chloride. Chlorine is 
used in textile and household bleaches, refrigerants, 
pharmaceuticals, cosmetics, and metal extractions. 
It is estimated that 26,000 persons employed in the 
chloralkali manufacturing industry may potentially be 
exposed to chlorine (NIOSH, 1990). While the 
exposure to chlorine in the industrial setting is 
primarily by inhalation or dermal absorption, the 
general population may be exposed through 
consumption of treated water. 

Used as a war gas in World War I, chlorine caused 
death or respiratory toxicity in those exposed 
(WHO, 1982; NIOSH, 1990). Because of this 
respiratory toxicity, as well as the skin and eye 
irritation associated with exposure to this chemical, 
the recommended time-weighted average exposure 
for chlorine is 0.5 ppm (1 mg/m 2) (ACGIH, 1989). 

Chloramine is used as a water disinfectant and also 
as a reagent in a variety of organic syntheses 
(Drago, 1957; Kirk-Othmer, 1964; Kovacic et al., 
1970). Exposure to chloramine occurs primarily 
through exposure to treated water supplies. 
Chloramine is formed in situ from hypochlorous acid 
and ammonia as previously described. 

M E T A B O L I S M  OF C H L O R I N E  AND 
C H L O R A M I N E  

Abdel-Rahman et a t  (1983, 1984a, 1985) studied the 
kinetics of absorption of hypochlorous acid (HOCI) 
and monochloramine after oral administration of 
HO~CI or NH23~CI to Sprague-Dawley rats. Peak 
plasma levels of chlorine (as atomic chlorine) 
occurred 2 hours after HOCI administration and 
8 hours after NH2CI administration. The absorption 
half-life was 2 hours for HO36C1 and 2.5 hours for 
NH23~C1, and the plasma elimination half-life was 
39 to 44 hours. In metabolism studies both hypo- 
chlorous acid and monochloramine were converted 
and eliminated in the chloride form, and excretion 
was primarily via urine. The 3~C1 was distributed 
throughout the major organ systems, with plasma 
and blood containing the highest concentrations. 
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Proportions of Mono- and Dlchloramlne (NHzC! and NHCI~) in Water Chlorination 
with Equimolar Concentrations of Chlorine and Ammonia. (NRC, 1980) 
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HUMAN E X P O S U R E  TO C H L O R I N E  AND 
C H L O R A M I N E  IN W A T E R  
Humans may be exposed to chlorine and chloramine 
through the consumption of drinking water and 
foods and through other means, including showering, 
bathing, and swimming in water containing 
disinfectants (NRC, 1987). Several groups of 
scientists are studying the long-term effects of 
consuming chlorinated surface water versus non- 
chlorinated ground water (control groups). Because 
the chlorinated water contains a variety of 
chlorinated byproducts and the composition of 
chlorinated water is variable, the risk associated with 
exposure to a specific chemical such as chlorine is 
difficult to identify. 

Some epidemiologic studies have indicated an 
association between consumption of chlorinated 
drinking water and an increased risk of cancer, 
particularly of the urinary bladder (Craun, 1985; 
Cantor et aL, 1987; NRC, 1987; Zierler et at, 1988). 
In September 1989 the EPA sponsored an ad hoc 
review of the current epidemiologic studies of 
chlorine in the United states (Stober et at ,  1990). 
The EPA ad hoc review group recommended some 
reeanalysis of the data and follow-up studies to 
further explore the long-term effects of consumption 
of chlorinated drinking water. 

TOXICITY 

G e n e r a l  Ef fec t s  
Daniel et al. (1990) reported on the toxicity of 
chlorine, chloramine, and chlorine dioxide in 
13-week drinking water studies. Male and female 
Sprague-Dawley rats received 25, 100, 175, or 
200 mg/L chlorine, or 25, 50, 100, or 200 mg/L 
chloramine or chlorine dioxide; controls received 
pH-buffered water. There were no treatment-related 
effects on survival for any of these three water 
disinfectants. Water consumption was significantly 
decreased in treated groups. 

In the chlorine-treated groups, final body weights 
and histopathological lesions were similar to those 
seen in controls, but water consumption by the 
high-dose groups was 36% to 38% of the control 
values. In rats that received the high dose of 
chloramine, final body weight was 45% to 50% of 
the control value, and water consumption, about 
35% of the control value. Results for the chlorine 
dioxide-treated rats were similar to those for the 
chloramine-treated rats. Chlorine dioxide treatment 

was also associated with histopathologic lesions in 
the nasal cavity that were characterized by 
goblet-cell hyperplasia and subacute inflammation. 

When male Sprague-Dawley rats were given 
chloramine in drinking water at concentrations of 0, 
1, 10, or 100 mg/L for up to 4 months, blood 
glutathione content, red blood cell count, and 
hematoerit were decreased in the exposed groups 
(Abdel-Rahman et aL, 1984b). Red blood cell 
counts, white blood cell counts, hematocrit or 
hemoglobin concentrations, mean cell hemoglobin, 
mean cell volume, mean cell hemoglobin concentra- 
tion or methemoglobin concentration, and reticulo- 
cyte count were measured in male A/J mice treated 
for 30 days with monochloramine in drinking Water 
at doses ranging from 2.5 to 200 ppm. With the 
exception of a slight increase in hematocrit, the 
blood parameters measured showed no changes that 
could be attributed to the administration of 
monochloramine (Moore and Calabrese, 1980). 

I m m u n o t o x i c o l o g i c  Ef fec t s  
Sprague-Dawley rats were evaluated from weaning to 
12 weeks of age for immunotoxicity after having 
received 5, 15, or 30 ppm chlorine or 9, 19, or 
38 ppm chloramine in drinking water (Exon et al., 
1987). Parameters measured included spleen and 
thymus weights, antibody production, delayed-type 
hypersensitivity reactions, natural killer cell cyto- 
toxicity, oxidative metabolic response and phagocy- 
tosis by macrophages, and production of cytokines 
(interleukins and prostagiandins). Significant 
reductions in spleen weight, delayed-type hypersen- 
sitivity reactions, and oxidative metabolism by 
macrophages were observed in rats exposed to 
30 ppm chlorine. Reduced spleen weights and 
decreased antibody synthesis and prostaglandin 
production were seen in rats receiving 38 ppm 
chloramine. Other investigations have shown 
impaired macrophagc function in mice receiving 
chlorinated drinking water at dose levels of 25 to 
30 ppm (Fidler, 1977). 

R e p r o d u c t i v e  E f f e c t s  
In a teratology study, female Sprague-Dawley rats 
were administered chlorine, as HOCI, or monochlor- 
amine in drinking water at concentrations of 0, 1, 
10, or 100 mg/L for 2.5 months prior to conception 
and throughout gestation. Rats were killed on day 
20 of gestation, and the fetuses were examined for 
soft tissue and skeletal abnormalities. No increase 
in fetal resorptions was found in any treatment 
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group. Chlorine (HOC1) exposure in utero produced 
some soft-tissue defects, such as improper orienta- 
tion of the heart and adrenal agenesis, in the 
offspring of dams receiving 100 mg/L. Chlorine 
exposure was also associated with a slightly 
increased incidence of skeletal variants, such as 
incompletely ossified or missing sternebrae or 
rudimentary ribs. Chloramine did not produce any 
significant changes in rat fetuses at any dose level 
(Abdel-Rahman et al., 1982). 

In another study assessing the teratogenic and 
reproductive toxicity of chlorine and chloramine, 
male Long-Evans rats were administered doses of 0, 
1, 2, or 5 mg of chlorine per kg body weight or 
doses of 0, 2.5, 5, or 10 mg chloramine/kg by gavage 
for 56 days prior to breeding and throughout the 
10-day breeding cycle. Female rats received the 
same concentrations by gavage for 14 days prior to 
breeding and throughout breeding, gestation, and 
lactation, until the pups were weaned on day 21. 
No alterations in sperm count, sperm motility, or 
sperm morphology were observed. There were no 
dose-related effects on fertility, fetal viability, litter 
size, day of eye opening, or day of vaginal patency 
(Carlton et al., 1986). Other teratology studies 
examining the effects of chlorinated drinking water 
on fetal development in mice found no evidence for 
a teratologic effect (Chernoff et aL, 1979; Kavlock 
et aL, 1979; Staples et aL, 1979). 

Carcinogenic P o t e n t i a l  
The potential carcinogenicity of chlorinated drinking 
water has been examined using several different 
approaches, including long-term studies of organic 
extracts of chlorinated water (Truhaut et al., 1979; 
Kool e t a l . ,  1985; Van Duuren e t a l . ,  1986), 
long-term studies of byproducts of chlorination such 
as the trihalomethanes (NCI, 1976b; Jorgenson 
et al., 1985; NTP, 1985a, 1987; 1989b), and 
long-term studies of chlorinated tap water or tap 
water treated with sodium hypochlorite (Druckrey, 
1968; Hasegawa et al., 1986; Kurokawa et al., 1986). 

Truhaut et al. (1979) described studies examining the 
effects of organic micropollutants (extracted by 
chloroform at neutral pH) from a water source in 
France. In these life-time studies, groups of 50 mice 
and rats of each sex received micropollutants in 
their diet. Total numbers of malignant tumors were 
increased in animals receiving the organic extracts. 
Van Duuren et al. (1986) administered an extract 
of chlorinated humic acids to mice for 24 months 

and found no treatment-related carcinogenic effects. 
In a study conducted in the Netherlands, Wistar rats 
were administered organic extracts of tap water for 
106 weeks, and there was no evidence of 
treatment-related carcinogenicity. The dose levels 
used in these studies correspond to 4 to 68 times 
the expected human exposure, based on a 70 kg man 
consuming 2 L of water per day (Kool et  al., 1985). 

Trihalomethanes are common byproducts found in 
chlorinated drinking water. The NCI and NTP have 
conducted 2-year rodent toxicity and carcinogenicity 
studies on four trihalomethanes: chloroform, bromo- 
dichloromethane, chlorodibromomethane, and 
bromoform. Administered by oral gavage, each of 
these trihalomethanes gave a positive carcinogenic 
response in one or more of the following organs: 
kidney, liver, and colon/rectum (NCI, 1976b; NTP, 
1985a, 1987, 1989b). In the chloroform study (NCI, 
1976b), treatment-related kidney tumors were seen 
in male Osborne-Mendel rats and liver tumors were 
seen in male and female B6C3F 1 mice. In a drink- 
ing water study, chloroform administered at similar 
doses to those used in the NCI study also resulted 
in treatment-related kidney tumors in male Osborne- 
Mendel rats, but no treatment-related liver tumors 
were seen in female B6C3F1 mice (Jorgenson et aL, 
1985). In follow-up studies designed to evaluate 
liver toxicity in male and female B6C3F1 mice (Bull 
et al., 1986), chloroform was administered by oral 
gavage in either corn oil or a 2% Emulphor suspen- 
sion for 13 weeks. Liver toxicity was observed only 
in mice receiving chloroform in the corn oil vehicle. 

Several long-term studies have examined the effects 
of administering chlorine or a hypochlorite salt to 
rodents. In a lifetime study, Druckrey (1968) 
administered tap water containing 100 mg/L chlorine 
to seven generations of rats for a maximum of 
2 years. Survival and tumor incidence were similar 
in control and treated groups. However, the 
number of animals in each group was small, and the 
study was not designed to determine carcinogenicity. 
Several studies in which sodium hypochlorite was 
administered to the skin of mice were judged to be 
inadequate for carcinogenic evaluation of chlorine or 
chloramine (Daniel et al., 1990). 

In studies by Kurokawa et al. (1986) and Hasegawa 
et aL (1986), sodium hypochlorite was administered 
to male and female mice and male rats at levels up 
to 0.1% (1,000 mg/L) and to female rats at levels up 
to 0.02% (200 mg/L) for 103 to 104 weeks. No 
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treatment-related increases in tumor incidence were 
found. 

Chloramine, chloroform, and other disinfectant 
byproducts were tested in a rat liver foci assay using 
~-glutamyltranspeptidase (GGT)-positive foci as 
indicators of carcinogenicity. Neither chloramine 
nor chloroform induced GGT-positive loci, and the 
authors concluded that these compounds alone have 
no significant potential to initiate carcinogenesis 
(Herren-Freund and Pereira, 1986). 

Exposure of fish to chlorinated water supplies has 
been associated with papillomas of the oral cavity. 
Grizzle et aL (1984) noted that the incidence of oral 
cavity papillomas in fish decreased when the level of 
residual chlorine in the water was reduced; however, 
the authors did not identify the component in the 
water associated with this response. 

G e n e t i c  Toxic i ty  
Chloramine was weakly mutagenic when assayed in 
Bacillus subtilis for the reversion of trpC colonies to 
Trp ÷ (Shih and Lederberg, 1976). Sodium 
hypochlorite was reported to induce DNA damage 
in polymerase-deficient Escherichia coli (Rosenkranz, 
1973) and gene mutations in Salmonella typhimurium 
(Wlodkowski and Rosenkranz, 1975). However, 
Thomas et aL (1987) reported that monochloramine 
did not increase the numbers of revertant colonies 
over untreated control levels in assays using a 
modified preincubation protocol (1 hour preincuba- 
tion followed by reduction of the unreacted 
oxidizing agents prior to plating) and a variety of 
S. typhimurium tester strains (TA97, TA100, TA102). 
Mickey and Holden (1971) reported that chlorine 
(supplied as sodium hypochlorite with a minimum of 
5% available chlorine) induced'chromosomal 
aberrations (breaks and rearrangements) and 
endomitotic figures in human lymphocytes, Chinese 
hamster ovary cells, and muntjac cell cultures. 

Positive results were reported for sodium 
hypochlorite in a chromosome aberration test with 
Chinese hamster fibroblasts (Ishidate et aL, 1984). 

In vivo, significant increases in micronucleated 
erythrocytes were reported in newt larvae reared in 
purified, reconstituted water treated with sodium 
hypochlorite or monochloramine (Gauthier et aL, 
1989). Likewise, sodium hypochlorite (6.6% 
available chlorine), administered as a single 
intraperitoneal injection of 312.5 to 2,500 mg/kg, did 
not induce a significant increase in the frequency of 
micronucleated polychromatic erythrocytes in the 
bone marrow of male tidY mice sampled 24 hours 
after treatment (Hayashi et al., 1988). Additional 
in vivo studies have investigated the ability of 
chlorine or chloramine to induce chromosome 
aberrations or micronuclei in CD-1 mice or 
sperm-head abnormalities in B6C3F1 mice. In these 
studies, the chemicals were administered by gavage, 
using either an acute (single dose) or subchronic 
(5 successive dosings at 24-hour intervals) protocol 
(Meier et aL, 1985). Neither compound induced 
micronuclei or aberrations, but chlorine 
(administered at pH 8.5, where the hypochlorite 
form predominates) did produce a significcant, dose- 
related increase in sperm-head abnormalities in 
samples collected 3 weeks after administration of the 
final subchronic dose; no increases were noted 1 or 
5 weeks after final dosing. 

R A T I O N A L E  F O R  STUDY 
Toxicity and carcinogenicity studies of chlorinated 
and chloraminated water were conducted in rodents 
to determine the long-term effects of using chlorine 
or chloramine as water disinfectants. The water 
used in these studies was deionized and 
charcoal-filtered prior to treatment to eliminate 
possible confounding effects of chlorination 
byproducts. 
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MATERIALS AND METHODS 

P R O C U R E M E N T  AND 
CHARACTERIZATION OF C H L O R I N E  

Two 18.1 kg cylinders of chlorine gas from the same 
lot (lot no. A081584) and a third cylinder from a 
different lot (lot no. 12152-5) were obtained from 
Air Products (Lenexa, KS). Identity and purity 
analyses were conducted at the analytical chemistry 
laboratory (Midwest Research Institute, Kansas City, 
MO). The chemical was identified as chlorine by 
infrared spectroscopy and physiccal appearance 
(Appendix K, Figure K1). Gas chromatography 
indicated that the known possible impurities, hexa- 
chloroethane and hexachlorobenzene, were not 
present at concentrations greater than 0.01%. 

PREPARATION AND ANALYSIS OF 
D O S E  FORMULATIONS 
The chlorine and chloramine dose formulations were 
prepared from a stock solution of buffered sodium 
hypochlorite. The stock solution was prepared by 
bubbling chlorine gas into charcoal-filtered, de- 
ionized water, determining the concentration of 
available atomic chlorine in the solution, and adding 
an equivalent weight of sodium hydroxide. The 
solution was then buffered to approximately pH 9 
with sodium bicarbonate and sodium carbonate 
monohydrate. 

Chlorine dose formulations as sodium hypochlorite 
solutions were prepared by mixing the appropriate 
volume of stock solution with sodium chloride and 
bicarbonate-carbonate buffer solution, then diluting 
with charcoal-filtered, deionized water. Concentra- 
tions were expressed in ppm of available atomic 
chlorine. Chloramine dose formulations were 
prepared in the same manner, but dilute ammonium 
hydroxide solution was added to generate mono- 
chloramine. Concentrations of chloramine were 
expressed in ppm. All solutions were approximately 
0.022 M carbonate and 0.035 M sodium at pH 9, 
the pH of the most concentrated chloramine 
solutions. Further details of dose formulation 
preparation are given in Table K1. 

Stability studies indicated that the buffered 
hypochlorite stock solution was approximately 96% 

of its original concentration after storage for 7 days 
at 5* C. Chlorinated water formulations at levels of 
70 to 275 ppm retained 95% of their original 
concentrations after storage for 1 day and 90% after 
2 days. Chloraminated water formulations at levels 
of 50 to 200 ppm retained 96% of the original 
concentration after 1 day and 92% after 2 days. 
Based on these findings, the buffered hypochlorite 
stock solution used in these studies was stored at 
5 ° C for no longer than 7 days, and the dose form- 
ulations were stored at room temperature for no 
longer than 48 hours. 

Periodic analyses of the dose formulations for 
available atomic chlorine, monochloramine, dichlor- 
amine, and trihalomethane content were conducted 
as described in Appendix K. During the 2-year 
studies, dose formulations were within 10% of the 
target concentrations of monochloramine or chlorine 
more than 99% of the time (Tables K2 and K3). 

2-YEAR STUDIES 
Study Design 
Groups of 70 F344/N rats and 70 B6C3F1 mice of 
each sex were administered 70, 140, or 275 ppm 
available atomic chlorine, or 50, 100, or 200 ppm 
chloramine in buffered, charcoal-filtered, deionized 
drinking water for 103 t o  104 weeks. Control 
animals received buffered deionized water only. Ten 
rats per dose group were predesignated for interim 
evaluation (necropsy, organ weights, histopathology, 
and hematology) during week 14. Similarly, 10 mice 
per dose group were predesignated for evaluation at 
15 weeks. Another 10 rats and 10 mice per dose 
group were predesignated for evaluation at 66 
weeks. 

The doses for the 2-year studies of chlorine and 
chloramine were based on data from unpublished 
studies of chloramine conducted at the Gulf South 
Research Institute (GSRI), New Iberia, Louisiana. 
In the 13-week studies chloramine was administered 
to F344/N rats and B6C3F1 mice at doses of 0, 25, 
50, 100, 200, or 400 ppm. Decreased body weights 
were seen in the higher dose groups. No histo- 
pathologic lesions were clearly associated with 
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chemical administration in either rats or mice. In 
2-year studies at GSRI, male and female F344/N 
rats and B6C3F1 mice received chloramine in 
drinking water at doses of 0, 50, 100, or 200 ppm. 
During these 2-year studies, water consumption in 
the high-dose group was decreased, and at week 70 
water consumption in the treeated groups was 
approximately 20% to 48% less than that in the 
control groups. For this reason, 200 ppm was 
considered the maximum dose of chloramine that 
the animals would drink. 

The studies reported here were conducted at the 
Southern Research Institute, Birmingham, AL. At 
the request of EPA, these studies evaluated both 
chlorine and chloramine. Two of the chlorine and 
chloramine dose levels used in these studies were 
equimolar in concentration of available atomic 
chlorine. The doses used in the 2-year studies of 
chlorine (molecular weight of available atomic 
chlorine, 35 g) were 70, 140, and 275 ppm (2, 4, and 
8 mmolar). The doses used in the 2-year studies of 
chloramine (molecular weight of available atomic 
chlorine, 51.5 g) were 0, 50, 100, and 200 ppm (0, 
1, 2, and 4 mmolar). Chlorine and chloramine were 
administered in charcoal-filtered, deionized water. 
Data from EPA have shown that the rate-limiting 
factor in administering these chemicals in drinking 
water is their palatability (Daniel et aL, 1990). 
Drinking water for the controls was buffered, 
charccoal-filtered, deionized water adjusted to the 
same pH as the dosed preparations. 

S o u r c e  a n d  S p e c i f i c a t i o n  o f  A n i m a l s  
The male and female F344/N rats and B6C3F1 mice 
used in these studies were obtained from the 
Frederick Cancer Research Facility (Frederick, MD). 
Because of the large number of animals needed and 
because of restrictions on animal availability, each 
study was conducted with two groups of animals, 
separated by an interval of 2 weeks (Table 1). The 
animals used in each study were housed in separate 
rooms. Rats and mice were shipped to the study 
laboratory at 4 weeks of age and were quarantined 
for 12 to 15 days. During this time, animals were 
examined daily. To assess the health status of the 
animals, five rats and five mice of each sex per 
room were killed for gross examination of 
abdominal and thoracic viscera and determination of 
pathogen burden. Pathogens evaluated included 
ectoparasites (mites, fleas, lice), intestinal parasites, 
bacteria, and viruses. A special health exam was 

performed on additional rats and mice prior to the 
initiation of dosing. The rats and mice were placed 
on study at 5 to 6 weeks of age. The health of the 
animals was monitored during the course of the 
studies according to the protocols of the NTP 
Sentinel Animal Program (Appendix O). 

A n i m a l  M a i n t e n a n c e  
Rats were housed five per cage; mice were housed 
individually. Feed and dosed water were available 
ad libitum. Further details of animal maintenance 
are given in Table 1. 

C l i n i c a l  E x a m i n a t i o n s  a n d  P a t h o l o g y  
All animals were observed twice daily for morbidity 
and mortality. Clinical findings and body weights 
were recorded once per week for the first 13 weeks 
of the studies and once per month thereafter. Mean 
body weights were calculated for each group. 

Animals predesignated for the 14-week (rats) or 
15-week (mice) and 66-week interim evaluations 
were killed, and the blood was collected for 
hematologic analysis. Parameters measured are 
listed in Table 1. Blood collected from the rats at 
the interim evaluations was also used to screen for 
pathogens. All predesignated animals, including 
those found dead prior to the interim evaluations, 
were necropsied. All animals in the control, 
high-dose chlorine, and high-dose chloramine groups 
were examined histopathologically. Tissues and 
groups examined are listed in Table 1. Organ 
weights were obtained for the liver, right kidney, 
brain, and thymus of all predesignated animals 
surviving until the interim evaluations. 

During the 2-year studies, animals found moribund 
and those surviving to the end of the studies were 
killed. All animals, including those found dead, 
were necropsied. During necropsy all organs and 
tissues were examined for grossly visible lesions. 
Tissues were preserved in 10% neutral buffered 
formalin and routinely processed for microscopic 
examination (embedded in paraffin, sectioned at 4 to 
5 #m, and stained with hematoxylin and eosin). A 
complete histopathologic evaluation inclusive of 
gross lesions was performed on all animals. Tissues 
examined microscopically are listed in Table 1. 

Upon completion of the microscopic evaluation by 
the laboratory pathologist, the slides, paraffin blocks, 
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and residual wet tissues were sent to the NTP 
Archives for inventory, slide/block match, and wet 
tissue audit. The slides, individual animal data 
records, and pathology tables were sent to an 
independent pathology quality assessment laboratory. 
The individual animal records and pathology tables 
were compared for accuracy, slide and tissue counts 
were verified, and histotechnique was evaluated. All 
tumor diagnoses, kidneys of all rats, of all male 
mice, and of all female mice given chloramine and 
all tissues from a random selection of 10% of all 
rats and 10% of all mice from control, mid- and 
high-dose groups were reevaluated microscopically 
by quality assessment pathologists. 

The quality assessment reports and slides were 
submitted to the NTP Pathology Working Group 
(PWG) chair, who reviewed selected tissues 
microscopically, including tissues for which there was 
a disagreement in diagnosis between the laboratory 
and quality assessment pathologists. Representative 
examples of  po ten t ia l ly  chemical- re la ted 
nonneoplastic lesions and neoplasms, including 
examples of differences in diagnosis between the 
study pathologist and the reviewing pathologist, were 
selected by the chairs for review by the PWGs. For 
rats, the PWG examined all differences of opinion 
regarding the presence of mononuclear cell 
leukemia, particularly the very early or uncertain 
cases of leukemia, all renal tubule neoplasms, all 
pancreatic islet-cell neoplasms, and miscellaneous 
other neoplasms. For mice, the PWG examined all 
renal tubule cell neoplasms, uterine neoplasms, 
harderian gland neoplasms, and miscellaneous 
lesions. The PWGs consisted of the quality 
assessment pathologists and other pathologists 
experienced in rodent toxicologic pathology. The 
groups examined the tissues without knowledge of 
dose groups or previously rendered diagnoses. 
When the consensus opinion of the PWG differed 
from that of the laboratory pathologist, the diag- 
nosis was changed to reflect the opinion of the 
PWG. Thus, the final diagnoses represent a 
consensus of contractor pathologists and the PWG. 
Details of these review procedures have been 
described by Maronpot and Boorman (1982) and 
Boorman et al. (1985). For subsequent analysis of 
pathology data, the diagnosed lesions for each tissue 
type were evaluated separately or combined 
according to the guidelines of McConnell et aL 
(1986). 

S t a t i s t i c a l  M e t h o d s  

Survival Analyses 
The probability of survival was estimated by the 
product-limit procedure of Kaplan and Meier (1958) 
and is presented in the form of graphs. Animals 
were censored from the survival analyses at the time 
they were found dead of other than natural causes 
or were found to be missing; animals dying from 
natural causes were not censored. Statistical ana- 
lyses for a possible dose-related effect on survival 
used Cox's method (1972) for testing two groups for 
equality and Tarone's (1975) life table test to 
identify dose-related trends. All reported P values 
for the survival analyses are two sided. 

Calculation of  Incidence 
The incidence of neoplasms or nonneoplastic lesions 
is given as the ratio of the number of animals 
bearing such lesions at a specific anatomic site to 
the number of animals in which that site was 
examined. In most instances, the denominators 
include only those animals for which the site was 
examined histologically. However, when macro- 
scopic examination was required to detect lesions 
(e.g., skin or mammary tumors) prior to histologic 
sampling, or when lesions had multiple potential 
sites of occurrence (e.g., lymphomas), the denomi- 
nators consist of the number of animals that were 
necropsied. 

Analysis of  Tumor Incidence 
The majority of tumors in these studies were con- 
sidered to be incidental to the cause of death or not 
rapidly lethal. Thus, the primary statistical method 
used was a logistic regression analysis, which 
assumed that the diagnosed tumors wcrc discovered 
as the result of death from an unrelated cause and 
therefore did not affect the risk of death. In this 
approach, tumor prevalence was modeled as a 
logistic function of chemical exposure and time. 
Both linear and quadratic terms in time were 
incorporated initially, and the quadratic term was 
eliminated if it did not significantly enhance the fit 
of the model. The dosed and control groups were 
compared on the basis of the likelihood score test 
for the regression coefficient of dose. This method 
of adjusting for intercurrcnt mortality is the 
prevalence analysis of Dinse and Lagakos (1983), 
further described and illustrated by Dinse and 
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Haseman (1986). When tumors are incidental, this 
comparison of the time-specific tumor prevalences 
also provides a comparison of the time-specific 
tumor incidences (McKnight and Crowley, 1984). 

In addition to logistic regression, alternative 
methods of statistical analysis were used, and the 
results of these tests are summarized in the 
appendixes. These methods include the life table 
test (Cox, 1972; Tarone, 1975), appropriate for 
rapidly lethal tumors, and the Fisher exact test and 
the Cochran-Armitage trend test (Armitage, 1971; 
Gart et al., 1979), procedures based on the overall 
proportion of tumor-bearing animals. 

Tests of significance included pairwise comparisons 
of each dosed group with controls and a test for an 
overall dose-response trend. Continuity-corrected 
tests were used in the analysis of tumor incidence. 
Reported P values are one sided. The procedures 
described above also were used to evaluate selected 
nonneoplastic lesions. (For further discussion of 
these statistical methods, see Haseman, 1984.) 

Historical Control Data 
Although the concurrent control group is 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 
assessment of tumor incidence. Consequently, 
control tumor incidences from the NTP historical 
control database (Haseman et al., 1984, 1985) are 

included in NTP reports for tumors appearing to 
show compound-related effects. 

Analysis of  Continuous Variables 
The nonparametric multiple comparison procedures 
of Dunn (1964) or Shirley (1977) were used to 
assess the significance of pairwise comparisons 
between dosed and control groups in the analysis of 
organ weight and hematology data. Jonckheere's 
test (Jonckheere, 1954) was used to evaluate the 
significance of dose-response trends and to deter- 
mine whether Dunn's or Shirley's test was more 
appropriate for pairwise comparisons. 

QUALITY ASSURANCE M E T H O D S  
The 2-year studies were conducted in compliance 
with the Food and Drug Administration Good 
Laboratory Practice Regulations (CFR, 21, Part 58). 
In addition, as study records were submitted to the 
NTP Archives, they were audited retrospectively by 
an independent quality assurance contractor. 
Separate audits covering completeness and accuracy 
of the pathology data, pathology specimens, final 
pathology tables, and preliminary review draft of this 
NTP Technical Report were conducted. Audit 
procedures and findings are presented in the reports, 
which are on file at the NIEHS. The audit findings 
were reviewed and assessed by NTP staff so that all 
discrepancies had been resolved or were otherwise 
addressed during the preparation of this Technical 
Report. 
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TABLE 1 
Experimental Design and Materials and Methods in the 2-Year Studies of Chlorinated and Chloraminated 
Water 

Study Laboratory 
Southern Research Institute, Birmingham, AL 

Strain and Species 
Rats: F344/N 
Mice: B6C3F 1 

Animal Source 
Frederick Cancer Research Facility, Frederick, MD 

Date of Birth 
Rats a (Group 1): 18 December 1984 
Rats (Group 2): 1 January 1985 
Mice a (Group 1): 16 October 1984 
Mice (Group 2): 30 October 1984 

Time Held Before Study 
Rats (Both Groups): 12 days 
Mice (Group 1): 15 days 
Mice (Group 2): 12 days 

Average Age When Placed on Study 
Rats (Both Groups): 5 weeks 
Mice (Group 1): 6 weeks 
Mice (Group 2): 5 weeks 

Date of First Dose 
Rats (Group 1): 28 January 1985 
Rats (Group 2): 11 February 1985 
Mice (Group 1): 29 November 1984 
Mice (Group 2): 10 December 1984 

Durat ion of  Dosing 
Rats: 14 weeks, 66 weeks, and 103 weeks 
Mice: 15 weeks, 66 weeks, and 104 weeks 

Date of  Last  Dose 
Rats (Group 1): 30 April-2 May 1985, 29 April-1 May 1986, and 19 January 1987 
Rats (Group 2): 14-16 May 1985, 13-15 May 1986, and 2 February 1987 
Mice (Group 1): 5-7 March 1985, 26-28 February 1986, and 23 November 1986 
Mice (Group 2): 19-21 March 1985, 10-12 March 1986, and 7 December 1986 

Necropsy Dates 
Rats (Group 1): 30 April-2 May 1985, 29 April-2 May 1986, and 26-29 January 1987 
Rats (Group 2): 14-16 May 1985, 13-15 May 1986, and 9-12 February 1987 
Mice (Group 1): 5-7 March 1985, 26-28 February 1986, and 1-5 December 1986 
Mice (Group 2): 19-21 March 1985, 10-12 March 1986, and 12-17 December 1986 

Average Age at Necropsy 
Rats (Both Groups): 19 weeks, 71 weeks, and 110 weeks 
Mice (Both Groups): 20 weeks, 71 weeks, and 111 weeks (Group 1); 110 weeks (Group 2) 

a Due to the large number of animals involved and restrictions on animal availability, the study was conducted in two parts. The 
treatment procedure was the same for both groups, but dosing was initiated on different days. Therefore, milestone dates and ages 
differ. 
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TABLE I 
Exper imenta l  Design and  Mater ia l s  and  Methods  in  the 2-Year Studies  of Ch lo r ina t ed  and  C h l o r a mina t ed  

Wa te r  (continued) 

Size of Study Groups 
50 males and 50 females of each species 
Interim Evaluations: 10 males and 10 females of each species 

Method of Animal Distribution 
Animals were grouped by weight intervals and assigned to cages. Cages were then assigned to treatment groups by a random number 
table. 

Animals per Cage 
Rats: 5 
Mice: 1 

Method of Animal Identification 
Toe clip 

Feed 
NIH-07 Rat and Mouse Ration (Zeigler Bros., Inc., Gardners, PA), available ad//b/turn 

Maximum Storage Time for Feed 
120 days after milling 

Feeders 
Stainless steel (Lab Products, Inc., Garfield, NJ), changed weekly 

Water 
City water, buffered, charcoal-filtered, and deionized through a conditioning unit (Continental Water Systems, Birmingham, AL), water 
and bottles changed each mix day. 
Rats: 16-ounce glass water bottles (Lab Products, Inc., Garfield, NJ) 
Mice: 2-ounce glass water bottles (Sargent-Welch, Birmingham, AL) 

Cages 
Polycarbonate (Lab Products, Inc., Garfield, NJ), changed twice weekly (rats) or weekly (mice) 

Bedding 
BetaChips (Northeastern Products Corporation, Warrensburg, NY), changed twice weekly (rats) or weekly (mice) 

Cage Filters 
Reemay spun-bonded polyester (Andico, Birmingham, AL), changed once every two weeks 

Racks 
Stainless steel (Lab Products, Inc., Rochelle Park, NJ, and Maywood, NJ), changed once every two weeks 

Animal Room Environment 
Rats - 
Temperature (Room 17): Week 1-14, 67°-79 ~ F; Week 15-66, 64°-79 ° F; and Week 67-103, 65°-82 ° F 
Temperature (Room 19): Week 1-14, 67°-74 ° F; Week 15-66, 66°-77 * F; and Week 67-103; 61°-77 ° F 
Relative Humidity (Room 17): Week 1-14, 21%-62%; Week 15-66, 21%-66%; and Week 67-103, 21%-74% 
Relative Humidity (Room 19): Week 1-14, 42%-58%; Week 15-66, 20%-67%; and Week 67-103, 20%-87% 
Light (both rooms): fluorescent, 12 hours/day 
Room air changes (both rooms): minimum of 10 changes/hour 
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TABLE 1 
E x p e r i m e n t a l  D e s i g n  a n d  M a t e r i a l s  a n d  M e t h o d s  in the  2-Year Studies  o f  Chlor inated  and C h l o r a m i n a t e d  
W a t e r  (continued) 

Animal Room Envi ronment  (continued) 
Mice - 
Temperature (Room 16): Week 1-15, 680-78 ° F; Week 16-66, 650-82 ° F; and Week 67-104, 590-82 ° F 
Temperature (Room 18): Week 1-15, 64°-78 ° F; Week 16.-66, 64°-83 ° F; and Week 67-104, 600-83 ° F 
Relative Humidity (Room 16): Week 1-15, 33%-68%; Week 16-66, 33%-68%; and Week 67-104, 22%-73% 
Relative Humidity (Room 18): Week 1-15, 21%-62%; Week 16-66, 21%-72%; and Week 67-104, 21%-72% 
Light (both rooms): fluorescent, 12 hours/day 
Room air changes (both rooms): minimum of 10 changes/hour 

Doses 
Chloramine: 0, 50, 100, or 200 ppm. Chlorine: 0, 70, 140, or 275 ppm. Administered in buffered, charcoal-filtered, deionized water. 

Storage Conditions for Dosing Solutions 
Polypropylene bottles at room temperature 

Maximum Storage Time for Dosing Solutions 
48 hours 

Type and Frequency of Observation 
14-Week (Rats)fl5-Week (Mice) Interim Evaluations: Observed twice daily. Clinical signs and body weights recorded weekly and at time 
animals killed. Water consumption measured weekly. Feed consumption measured daily per cage 1 week per month. 

66-Week Interim Evaluations and 2-Year Studies (Both Species): Observed twice daily. Clinical signs, body weights, and water 
consumption recorded weekly through week 13, then monthly, and at necropsy. Feed consumption measured daily per cage I week 
per month. 

Hematology 
Blood was collected at the 14-week/15-week and 66-week interim evaluations. The following parameters were evaluated: platelct, 
erythrocyte, reticuloeyte, and leukocyte counts, hematocrit, hemoglobin, mean cell hemoglobin, mean cell hemoglobin concentration, 
mean cell volume, leukocyte differential, and erythroeyte fragility. 

Necropsy and Histopathoiogic Examinat ions 
Necropsy performed on all animals. Brain, right kidney, liver, and thymus weights were obtained for all predesignated animals surviving 
until Week 14 (rats) or 15 (mice), until Week 66 (both species), or until Week 103 (rats) or Week 103-104 (mice). 

Complete histopathology performed on all early deaths and on control, high-.dose chlorine, and high-dose chioramine animals. The 
following tissues were evaluated: adrenal gland, bone (femur, including marrow), brain (frontal cortex and basal ganglia, parietal cortex, 
and thalamus, cerebellum, and pons), esophagus, gallbladder (mice), gross lesions, heart, intestines (duodenum, jejunum, ileum, cecum, 
colon, rectum), kidney, liver, lung, lymph nodes (mandibular, mesenteric), mammary gland, nose, ovary, pancreas, parathyroid gland, 
pituitary gland, preputial or clitoral glands (rats), prostate gland, salivary gland, skin, spleen, stomach (forestomach, glandular), testis, 
epididymis, seminal vesicle, thymus, thyroid gland, trachea, urinary bladder, and uterus. 
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RESULTS 

C H L O R I N A T E D  W A T E R  IN R A T S  

Water, Compound, and Feed Consumption 
Administration of chlorinated water resulted in a 
dose-related decrease in water consumption by both 
sexes that was evident in the first week and 
continued throughout the studies (Tables L1 
and L2). Within dose groups, estimated ingestion 
of chlorine by males was lower than that by females 
the first year, but higher than that by females the 
second year. Feed consumption by dosed rats was 
similar to controls, with males consuming more feed 
than females (Tables N1 and N2). 

B ody  Weigh t s ,  O r g a n  Weigh t s ,  Hematology, 
and Cl in i ca l  F i n d i n g s  
Mean body weights of rats receiving chlorinated 
water were within 10% of those of controls 
throughout the studies (Figure 2, Tables 2 and 3). 
Mean body weights, organ weights, and organ- 
weight-to-body-weight ratios for male and female 
rats evaluated at 14 or 66 weeks are shown in 
Tables I1-I4. Mean body weights at necropsy were 
similar among dosed and control groups at both the 
14-week and 66-week interim evaluations, and there 
were no biologically significant differences in organ 
weights or organ-weight-to-body-weight ratios 
between dosed and control groups. The results of 
analyses performed on blood samples collected at 
the interim evaluations are presented in Tables J1 
and J2. There were no alterations in hematologic 
parameters attributable to the consumption of 
chlorinated water for 14 or 66 weeks. There were 
no clinical findings attributable to the consumption 
of chlorinated water. 

Su rv iva l  
Estimates of the probability of survival of male and 
female rats receiving chlorinated water at the doses 
used in these studies and for controls are shown in 
the Kaplan-Meier curves in Figure 3. The numbers 
of rats dying early, killed moribund, or surviving to 
the end of the studies are given in Table 4. Three 

males and one female rat predesignated for the 66- 
week interim evaluations died or were killed 
moribund before the 66-week interim evaluations. 
The clinical and pathology data from these animals 
were therefore included with the core group of 
2-year animals. The survival of rats receiving 
chlorinated water was not significantly different from 
that of controls. 

Pathology and Statistical Analysis 
of Results 
Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tumors that 
occurred with an incidence of at least 5% in at least 
one dose group, and historical control incidences for 
the neoplasms mentioned in this section are 
presented in Appendixes A and B for male and 
female rats given chlorinated water. No gross or 
microscopic lesions attributable to chlorinated water 
consumption were seen in the 14- or 66-week 
interim evaluations. 

Mononuclear cell leukemia: The incidence of 
mononuclear cell leukemia in mid-dose, but not 
high-dose, female rats receiving chlorinated water 
was significantly greater than for ccontrols (P=0.014) 
by the life table test (Table 5). Because leukemia 
is a rapidly progressing disease, the life table test is 
generally considered the most appropriate statistical 
test for analysis. The incidence of leukemia in mid- 
dose female rats (37%) also exceeded the incidence 
in untreated historical controls for feed and drinking 
water studies (170/680 (25%) with a range of 14%- 
36%; Table B4a). The proportion of animals with 
leukemia that died before the end of the studies and 
the mean time to leukemia observation for animals 
dying with leukemia were similar among all dosed 
and control groups (for control: proportion, 50%, 
and time to observation, 601 days; low-dose: 70% 
and 624 days; mid-dose: 53% and 604 days; 
high-dose: 44% and 653 days). 
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TABLE 2 

M e a n  B o d y  W e i g h t s  a n d  S u r v i v a l  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  S t u d y  o f  C h l o r i n a t e d  W a t e r  

0 p p m  70 p p m  140 p p m  275 p p m  

Study Av. Wt. No. of Av. Wt. W t  (% of No. of Av. WL Wt. (% of No. of 
Week (g) Survivors (g) controls) Survivors (g) controls) Survivors 

Av. WL WL (% of No. of 
(g) controls) Survivors 

1 121 70 a 123 101 70 a 121 100 70 a 119 98 70 a 
2 159 70 162 102 70 159 100 70 158 99 70 
3 195 70 199 102 70 194 100 70 193 99 70 
4 222 70 227 102 70 225 101 70 220 99 70 
5 250 70 253 101 70 251 100 70 245 98 70 
6 270 70 276 102 70 270 I00 70 266 98 70 
7 289 70 293 102 70 290 101 70 284 98 70 
8 303 70 306 101 70 303 100 70 299 99 70 
9 318 70 323 102 69 318 100 70 312 98 70 

10 331 70 335 101 69 330 100 70 324 98 70 
11 340 70 344 101 69 337 99 70 332 98 70 
12 349 70 353 101 69 350 100 70 344 99 70 
13 359 70 362 lO1 69 360 100 70 353 98 70 
17 b 388 60 394 102 59 391 101 60 382 99 60 
21 403 60 407 101 59 408 101 60 396 98 60 
25 423 60 427 101 59 428 101 60 417 99 60 
29 435 60 442 102 59 440 101 60 433 100 60 
33 450 60 455 101 59 455 101 60 443 98 60 
37 457 60 463 101 59 460 101 60 447 98 60 
41 465 60 46g 101 59 469 101 60 459 99 60 
45 468 60 475 101 58 474 101 60 463 99 60 
49 475 59 484 102 58 482 102 60 474 100 60 
53 480 58 485 101 58 483 101 59 472 98 60 
57 489 58 494 101 57 495 101 58 480 98 60 
61 492 58 495 101 57 495 101 58 486 99 58 
65 496 57 498 101 56 498 101 58 490 99 58 
69 b 493 46 492 100 47 490 99 47 483 98 49 
73 491 46 489 100 44 495 101 46 481 98 48 
77 493 44 488 99 41 493 100 44 484 98 45 
81 487 41 468 96 39 481 99 43 485 100 43 
85 486 38 455 94 37 473 97 42 472 97 43 
89 473 33 450 95 31 459 97 38 469 99 39 
93 469 29 443 95 25 444 95 32 457 97 33 
97 463 26 429 93 20 439 95 26 451 97 26 

101 471 19 425 90 13 423 90 22 432 92 20 

Termina l  sacrifice 14 6 16 17 

Mean for weeks 
1-13 270 274 101 270 100 

17-49 440 446 101 445 101 
53-101 483 470 97 474 98 

267 99 
435 99 
472 98 

a Includes interim evaluation animals. 
b 

Interim evaluation occurred. 
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TABLE 3 

M e a n  B o d y  W e i g h t s  a n d  S u r v i v a l  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  S t u d y  o f  C h l o r i n a t e d  W a t e r  

0 p p m  70 p p m  140 p p m  27$ p p m  

Study Av. WL No. of Av. Wt. WL (% of No. of Av. WL W t  (% of No. of Av. W t  W t  (% of No. of 
Week (g) Survivors (g) controls) Survivors (g) controls) Survivors (g) eontrots) Survivors 

1 105 70 a 103 98 70 a 104 99 70 a 104 99 70 a 
2 128 70 129 101 70 129 100 70 129 101 70 
3 145 70 144 99 70 142 98 70 144 99 70 
4 156 70 155 99 70 155 99 70 154 99 70 
5 165 70 164 99 70 164 99 70 163 99 70 
6 173 70 172 99 70 171 99 70 170 98 70 
7 181 70 180 100 70 180 99 70 178 98 70 
8 186 70 186 100 70 184 99 70 183 98 70 
9 192 70 190 99 70 189 98 70 188 98 70 

10 195 70 196 100 70 194 99 70 192 98 70 
11 198 70 199 100 70 198 100 70 195 98 70 
12 202 70 203 101 70 200 99 70 198 98 70 
13 204 70 205 101 70 203 100 70 200 98 70 L 
17 ° 218 60 220 101 60 218 100 60 214 98 60 
21 226 60 227 100 60 2...4 99 60 221 98 60 
25 234 60 234 100 60 232 99 60 228 98 60 
29 246 60 245 100 60 244 99 60 238 97 60 
33 250 60 251 101 60 247 99 60 244 98 60 
37 257 60 256 100 60 253 99 60 247 96 60 
41 260 60 264 102 60 261 101 60 2.54 98 60 
45 271 (60 272 100 60 271 100 60 261 96 60 
49 281 60 281 100 60 279 99 59 269 96 (60 
53 283 60 289 102 60 286 101 59 278 98 60 
57 299 60 298 100 59 298 100 59 .288 96 59 
61 306 60 307 100 59 308 101 57 297 97 59 
65 318 60 315 99 58 317 100 56 307 97 58 
69 b 327 49 323 99 48 328 100 47 312 96 49 
73 327 49 332 102 47 336 103 47 320 98 49 
77 339 47 338 100 45 342 101 47 324 95 48 
81 344 47 344 100 44 347 101 45 330 96 47 
85 347 45 342 99 44 345 99 44 330 95 47 
89 346 45 348 101 41 348 101 41 330 96 44 
93 339 43 351 103 39 349 103 40 332 98 43 
97 352 35 353 100 37 352 100 37 337 96 40 

101 348 34 353 102 37 352 101 32 335 97 39 

Termina l  sacrifice 31 31 28 35 

Mean for weeks 
1-13 172 171 99 170 99 169 98 

17-49 249 250 100 248 100 242 97 
53-101 329 330 100 331 101 317 96 

a Includes interim evaluation animals. 
b 

Interim evaluation occurred. 
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TABLE 4 

S u r v i v a l  o f  R a t s  in  t h e  2 -Yea r  S t u d i e s  o f  C h l o r i n a t e d  W a t e r  

0 ppm 70 ppm 140 ppm 275 ppm 

Male 

Animals initially in study 70 70 70 70 

14-week interim evaluation a 10 10 10 10 
66-week interim evaluation a 9 9 10 9 
Natural deaths 34 40 30 27 
Moribund 3 5 4 7 
Animals surviving to end of study 14 6 16 17 
Percent survival at end of study b 28 12 32 33 
Mean survival (days) e 637 614 656 656 

Survival analysis d P=0.151N P=0.119 P=0.533N P =0.543N 

Female 

Animals initially in study 70 70 70 70 

14-week interim evaluation a 10 10 10 10 
66-week interim evaluation a 10 10 9 10 
Natural deaths 16 18 19 14 
Moribund 3 1 4 1 
Animals surviving to end of study 31 31 28 35 
Percent survival at end of study I~ 62 62 55 70 
Mean survival (days) e 694 683 676 700 

Survival analysis d P=0.474N P=0.920 P=0.570 P=0.495N 

a Censored from survival analyses 
b Kaplan-Meier determinations 
¢ Mean of all deaths (uncensored, censored, terminal sacrifice) 
d The entry under the "0 ppm" column is the trend test (Tarone, 1975) result. Subsequent entries are the results of pairwise tests 

(Cox, 1972). A negative trend or lower mortality is indicated by N. 
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TABLE 5 
Incidence of Mononuclear Cell Leukemia in Female Rats in the 2-Year Study 
of Chlorinated Water a 

0 ppm 70 ppm 140 ppm 275 ppm 

Overall rates b 8/50 (16%) 7/50 (14%) 19/51 (37%) 16/50 (32%) 
Adjusted rates c 20.8% 17.5% 48.1% 37.4% 
Terminal rates d 4/31 (13%) 2/31 (6%) 9/28 (32%) 9/35 (26%) 
First incidence (days) 472 514 329 554 
Life table tests e P=0.037 P=0.513N P=0.014 P=0.102 

Historical incidence for 2-year studies of all leukemias for untreated control groups in NTP studies is: 124/500 (25% +_ 6.1%), range 
14%-36% (feed studies); 46/180 (26% _+ 8.5%), range 16%-33% (drinking water studies). 
Number of tumor-bearing animals/number of animals necrropsied 
Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
Observed incidence at terminal kil! 
Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dosed grroup incidence are the P values 
corresponding to pairwise comparisons between the controls and that dosed group. The life table analysis regards tumors in animals 
dying prior to terminal kill as being (directly or indirectly) the cause of death. A lower incidence in a dose group is indicated by N. 

K/dney: Renal tubule cell adenomas occurred in two 
high-dose male rats and a tubule cell carcinoma 
occurred in a low-dose male; no tubule cell 
neoplasms were seen in controls (Table A1). Renal 
tubule neoplasms are relatively uncommon; the 
incidence of renal tubule neoplasms in historical 
controls is only 8/499 (2%) with a range of 0%-6% 
for feed studies and 0/180 for drinking water studies 
(Table A4a). Focal tubule cell hyperplasia occurred 
in 3/51 control, 3/50 low-dose, 1/50 mid-dose, and 
1/51 high-dose males (Table A5). Because the 
number of tubule cell neoplasms in dosed male rats 
was low, and the incidence of focal hyperplasia was 
slightly decreased in mid- and high-dose males, these 
renal neoplasms were not considered related to the 
consumption of chlorinated water. 

Pancreas: Islet cell adenomas of the pancreas 
occurred in 2/51 mid-dose and 3/50 high-dose female 
rats, and an islet cell carcinoma occurred in one 
mid-dose female; no islet cell neoplasms were seen 
in the controls (Table B1). Although the trend test 
was marginally significant (P=0.044), the pairwise 
comparisons were not (Table B3). Moreover, the 
incidence of pancreatic islet neoplasms in historical 
controls for drinking water studies is 4/180 (2%) 
with a range of 0%-4% (Table B4b). Therefore, the 
islet cell neoplasms of the pancreas were not 
considered related to the consumption of chlorinated 
water. 

Oral cavity: Squamous cell papilloma or carcinoma 
arising from the oral mucosa occurred in three 

high-dose male rats, but did not occur in controls. 
Papillomas occurred in the palate of one male and 
the tongue of another; the squamous cell carcinoma 
occurred in the gingiva (Table A1). The incidence 
of these neoplasms in historical controls is 0/181 
(0%) for drinking water studies and 4/500 (1%), 
with a range of 0%-4%, for feed studies (Table 
A4b). Because of the low incidence of these 
neoplasms and lack of supporting evidence of 
hyperplasia, they are not considered to be related to 
the consumption of chlorinated water. 

Spleen: Nodular lesions consisting of lymphocytes 
with scattered focal aggregates of histiocytes 
occurred in the spleen with a slightly increased 
incidence in dosed female rats (control, 3/50; 
low-dose, 6/50; mid-dose, 5/51; high-dose, 8/50). 
One lesion was seen in the spleen of a low-dose 
male rat, and similar lesions occurred in the liver of 
one control female and two low-dose females. 
These lesions were diagnosed as histiocytic lymphoid 
hyperplasia, but are similar in cellular composition 
to a granuloma. Since they are composed of 
well-differentiated lymphocytes and histiocytes, they 
may represent a chronic inflammatory or immuno- 
logical response. In the liver, the incidence of 
commonly occurring small granulomas composed of 
histiocytes with only a few lymphocytes was not 
increased in dosed female rats (Table B5). Because 
of the marginal increase in incidence, lack of dose 
response, and small numbers, histiocytic lymphoid 
hyperplasia of the spleen was not considered related 
to the consumption of chlorinated water. 
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CHLORAMINATED W A T E R  IN RATS 

Wate r ,  C o m p o u n d ,  a n d  Feed  Consumption 
Administration of chloraminated water resulted in a 
dose-related decrease in water consumption by both 
sexes that was evident in the first week and 
continued throughout the studies (Tables L3 and 
LA). Within dose groups, estimated ingestion of 
chloramine by males was lower than that by females 
during the first year, but higher than that by females 
during the second year except for the high-dose 
group. Feed consumption by dosed rats was similar 
to controls, with males consuming more feed than 
females (Tables N3 and N4). 

Body Weights, Organ Weights, Hematology, 
and Cl in ica l  F i n d i n g s  
Mean body weights of rats receiving chloraminated 
water were within 10% of those of controls until 
week 97 for high-dose females and week 101 for 
high-dose males Tables 6 and 7, Figure 4). 
However, the mean body weights of high-dose rats 
were consistently 5% to 10% lower than those of 
the other dosed groups throughout the studies. At 
the 14-week interim evaluation, the mean body 
weight at necropsy of high-dose males was 9% lower 
than that of controls, which was statistically 
significant (P._~0.01) (Table 15); mean body weights 
of low- and mid-dose males and dosed females were 
similar to those of controls. At the 66-week interim 
evaluation the mean body weights of high-dose rats 
were 94% of controls for males and 92% of controls 

for females, which were statistically significant 
(P._~).05) (Table I7). There were no biologically 
significant differences in organ weights or organ- 
weight-to-body-weight ratios between dosed and 
control groups. Slight decreases in liver and kidney 
weights in high-dose male rats and increases in 
brain- and kidney-weight-to-body-weight ratios in 
high-dose rats were related to the lower body 
weights in these groups (Table I8). There were no 
alterations in hematologic parameters attributable 
to the consumption of chloraminated water for 14 
or 66 weeks (Tables J3 and J4). There were no 
clinical findings attributable to the consumption of 
chloraminated water. 

Surviva l  
Estimates of the probability of survival of male and 
female rats receiving chloraminated water at the 
doses used in these studies and for controls are 
shown in the Kaplan-Meier curves in Figure 5. The 
numbers of rats dying early, killed in a moribund, or 
surviving to the end of the studies are given in 
Table 8. With the exception of the low-dose male 
group, in which survival was greater than that of 
controls, the survival of rats receiving chloraminated 
water was not significantly different from that of 
controls. Two males died or were killed while 
moribund before the 66-week interim evaluation 
(Table 8). The clinical and pathology data from 
these animals were therefore included with the core 
group of 2-year animals. 
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TABLE 6 
Mean Body Weights and Survival of Male Rats in the 2.Year Study of Chloraminated Water 

0 ppm 50 ppm 100 ppm 200 ppm 

Study Av. WL No. of Av. Wt. Wt. (% of No. of Av. Wt. WL (% of No. of Av. WL Wt. (% of No. of 
Week (g) Survivors (g) controls) Survivors (g) controls) Survivors (g) controls) Survivors 

1 121 70 a 119 98 70 a 120 99 70 a 117 96 70 a 
2 159 70 159 100 70 156 98 70 145 91 70 
3 195 70 194 100 70 191 98 70 177 91 70 
4 222 70 223 101 70 218 98 70 204 92 70 
5 250 70 249 100 70 244 98 70 229 92 70 
6 270 70 267 99 70 265 98 70 249 92 70 
7 289 70 289 100 70 284 98 70 266 92 70 
g 303 70 302 100 70 297 98 70 282 93 70 
9 318 70 316 99 70 312 98 70 295 93 70 

10 331 70 328 99 70 324 98 70 306 92 70 
11 340 70 338 99 70 335 98 70 317 93 70 
12 349 70 349 100 70 344 99 70 326 93 70 
13 359 70 357 100 70 353 98 70 333 93 70 
17 b 388 60 388 100 60 381 98 60 363 94 60 
21 403 60 405 101 60 395 98 60 379 94 60 
25 423 60 424 100 60 419 99 60 397 94 60 
29 435 60 438 101 60 431 99 60 413 95 60 
33 450 60 453 101 60 447 99 60 425 94 60 
37 457 60 456 100 60 454 99 60 431 94 60 
41 465 60 468 101 60 462 99 60 442 95 60 
45 468 60 475 101 60 467 100 60 444 95 60 
49 475 59 480 101 60 475 100 60 451 95 60 
53 480 58 484 101 60 480 100 60 455 95 60 
57 489 58 489 100 60 491 100 60 467 95 60 
61 492 58 491 100 60 491 100 60 470 96 60 
65 496 57 497 1 O0 60 499 101 5,8 474 96 60 
69 ° 493 46 494 100 49 494 100 49 466 95 50 
73 491 46 503 103 49 498 102 49 466 95 49 
77 493 44 491 100 49 489 99 46 467 95 47 
81 487 41 485 100 49 480 98 44 460 94 46 
85 486 38 480 99 47 478 98 41 452 93 44 
89 473 33 466 98 43 465 98 34 438 93 41 
93 469 29 455 97 39 457 98 30 435 93 35 
97 463 26 449 97 31 448 97 26 429 93 26 

101 471 19 442 94 24 431 92 18 415 88 21 

Termina l  sacriflce 14 22 14 16 

Mean fo rweeks  
1-13 27/0 268 99 265 98 250 93 

17-49 440 443 101 437 99 416 95 
53-I01 483 479 99 477 99 453 94 

a Includes interim evaluation animals. 
b 

Interim evaluation occurred. 
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TABLE 7 
Mean Body Weights and Survival of  Female Rats in the 2-Year Study of  Chioraminated Water 

0 p p m  $0 p p m  100 p p m  200 p p m  

Study Av. Wt. No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of 
Week (g) Survivors (g) controls)  Survivors (g) controls) Survivors (g) controls)  Survivors 

1 105 70 a 103 9s 70 a 102 98 70 a 99 95 70 ~ 
2 128 70 128 100 70 126 98 70 121 95 70 
3 145 70 144 99 70 141 97 70 136 94 70 
4 156 70 153 98 70 153 98 70 148 95 70 
5 165 70 163 98 70 162 98 70 157 95 70 
6 173 70 170 98 70 170 98 70 164 95 70 
7 181 70 179 99 70 179 99 70 172 95 70 
8 186 70 184 99 70 185 99 70 176 95 70 
9 192 70 189 99 70 189 99 70 181 95 70 

10 195 70 195 100 70 194 99 70 186 95 70 
11 198 70 198 100 70 197 99 70 191 96 70 
12 202 70 202 100 70 199 99 70 193 96 70 
13 204 70 204 100 70 202 99 70 196 96 70 
17 b 218 60 219 100 60 216 99 60 206 95 60 
21 226 60 227 100 60 223 99 60 214 95 60 
25 234 60 235 101 60 232 99 60 222 95 60 
29 246 60 245 100 60 243 99 60 228 93 60 
33 250 60 250 100 60 246 98 59 234 94 60 
37 257 60 256 100 60 252 98 59 236 92 60 
41 260 60 263 101 60 257 99 59 244 94 60 
45 271 60 270 100 59 266 98 59 250 92 60 
49 281 60 279 99 59 274 97 59 256 91 60 
53 283 60 288 102 58 281 99 59 267 94 60 
57 299 60 298 100 58 294 98 59 275 92 60 
61 306 60 308 101 58 301 98 59 283 92 60 
65 318 60 318 100 58 309 97 59 293 92 60 
69 b 327 49 331 101 47 320 98 47 295 90 49 
73 327 49 339 104 47 327 100 47 303 93 49 
77 339 47 342 101 47 336 99 46 309 91 46 
81 344 47 349 102 46 340 99 45 313 91 46 
85 347 45 349 101 44 339 98 43 316 91 42 
89 346 45 347 100 44 344 99 41 311 90 41 
93 339 43 348 103 40 340 100 39 311 92 39 
97 352 35 359 102 37 340 97 37 307 87 37 

101 348 34 363 105 34 346 100 32 307 88 29 

~errnin~] sacrifice 31 28 29 24 

Mean for weeks 
1-13 172 170 99 169 98 163 95 

1749 249 249 100 245 98 232 93 
53-101 329 334 102 324 98 299 91 

a Includes interim evaluation animals. 
b 

Interim evaluation occurred. 
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TABLE 8 
Survival of Rats in the 2-Year Studies of Chloraminated Water 

0 ppm 50 ppm 100 ppm 200 ppm 

Male  

Animals initially in study 70 70 70 70 

14-week interim evaluation a 10 10 10 10 
66-week interim evaluation a 9 10 9 10 
Natural deaths 3 1 3 1 
Moribund 34 27 34 33 
Animals surviving to end of study 14 22 14 16 
Percent surdval at end of study I/ 28 44 28 32 
Mean survival (days) c 637 683 651 669 

Survival analysis d P=0.870N P=0.049N P=0.984N P=0.433N 

Female  

Animals initially in study 70 70 70 70 

14-week interim evaluation a 10 10 10 10 
66-week interim evaluation a 10 10 10 10 
Natural deaths 3 5 1 3 
Moribund 16 17 20 23 
Animals surviving to end of study 31 28 29 24 
Percent survival at end of study ~ 62 56 58 48 
Mean survival (days) ¢ 694 682 679 683 

Survival analysis d P =0.Z32 P=0.683 P=0.792 P=0.272 

a Censored from survival analyses 
b 
b 

Kaplan-Meier determinations 
Mean of all deaths (uncensored, censored, terminal sacrifice) 

c The entry under the "0 ppm" column is the trend test (Tarone, 197/5) result. Subsequent entries are the results of pairwise tests 
(Cox, 1972). A negative trend or lower mortality is indicated by N. 

P a t h o l o g y  a n d  S t a t i s t i c a l  Ana lys i s  
o f  R e s u l t s  
Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tumors that 
occurred with an incidence of at least 5% in at least 
one dose group, and historical control incidences 
for the neoplasms mentioned in this section are 
presented in Appendixes C and D for male and 
female rats given chloraminated water. No gross or 

microscopic lesions attributable to chloraminated 
water consumption were seen in the 14- or 66-week 
interim evaluations. 

Mononuclear cell leukemia: The incidence of 
mononuclear cell leukemia in dosed female rats was 
marginally greater than that in controls, and the 
incidence in the mid-dose and high-dose groups was 
in the upper range of that for historiccal controls 
(Table 9). The incidence of all leukemias in 
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u n t r e a t e d  h is tor ica l  con t ro l s  is 170/680 (25%)  wi th  
a range  o f  14%-36% (Table  D4a) .  The  p r o p o r t i o n  
o f  an imals  wi th  l e u k e m i a  tha t  d ied  be fore  the  end  
o f  the  s tudies  and  the  mean  t ime  to l e u k e m i a  
obse rva t ion  for  an imals  dying wi th  l eukemia  were  
genera l ly  s imi la r  a m o n g  al l  dosed  and  con t ro l  
g roups  (for  cont ro l :  p r o p o r t i o n ,  50%, and  t ime  to 
observa t ion ,  601 days; low-dose:  64% and 663 days; 
mid-dose :  47% and 621 days; h igh-dose:  75% and  
666 days).  

Spleen: T h e  inc idence  o f  sp len ic  h is t iocyt ic  
l ympho id  hyperp las ia  was also marg ina l ly  inc reased  
in h igh-dose  females  (cont ro l ,  3/50; low-dose ,  4/50; 
mid-dose ,  2/50; h igh-dose ,  6/50) (Tab le  DS).  This  
les ion  was s imi la r  in s t ruc tu re  to  t he  sp len ic  
his t iocyt ic  l ympho id  hype rp la s i a  seen  in the  
ch lo r ina t ed  wa te r  s tudies.  Because  o f  the  marg ina l  
increase  in inc idence  and  lack  o f  dose  response ,  this  
les ion  was no t  cons ide red  r e l a t ed  to  the  con-  
s u m p t i o n  o f  c h l o r a m i n a t e d  water .  

TABLE 9 
Incidence of  Mononuclear Cell Leukemia in Female Rats in the 2.Year Study 
of Chloraminated Water 

0 ppm 50 ppm 100 ppm 200 ppm 

All Organs: Mononuclear Cell Leukemia a 
Overall rates b 8/50 (16%) 11/50 (22%) 15/50 (30%) 16/50 (32%) 
Adjusted rates c 20.8% 29.0% 39.3% 41.4% 
Terminal rates d 4/31 (13%) 4/28 (14%) 8/29 (28%) 4/24 (17%) 
First incidence (days) 472 540 465 592 
Life table tests e P=0.021 Pffi0.280 Pffi0.077 P=0.036 

Historical incidence for 2-year studies of all leukemias for untreated control groups in NTP studies is: 124/500 (25% ± 6.1%), range 
14%-36% (feed studies); 46/180 (26% ± 8.5%), range 16%-33% (drinking water studies). 
Number of tumor-bearing animals/number of animals necrropsied 
Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
Observed incidence at terminal kill 
Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dosed group incidence are the P values 
corresponding to pairwise comparisons between the controls and that dosed grroup. The life table analysis regards tumors in animals 
dying prior to terminal kill as being (directly or indirectly) the cause of death. 
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CHLORINATED W A T E R  IN M I C E  

Wate r ,  C o m p o u n d ,  a n d  Feed Consumption 
Administration of chlorinated water resulted in a 
dose-related decrease in water consumption by both 
sexes that was evident in the first week and 
continued throughout the studies (Tables L5 and 
L6). Within dose groups, estimated ingestion of 
chlorine by males was lower than that by females 
the first year, but higher than that by females the 
second year. Mean feed consumption by dosed male 
mice was slightly higher than the controls for weeks 
1-52 (Tables N5 and N6). During the same period, 
mean feed consumption for female mice was slightly 
lower than the controls. The mean feed 
consumption for weeks 53 to 101 was similar for 
both sexes and all treatment groups. 

Body  Weigh t s ,  O r g a n  Weigh ts ,  H e m a t o l o g y ,  
a n d  Cl in ica l  F i n d i n g s  
Mean body weights of mice receiving chlorinated 
water were within 10% of those of controls 
throughout the studies. Body weights of high-dose 
mice were 5% to 8% lower after week 49 in males 
and 5% to 7% lower after week 45 in females. 
Mean body weights, organ weights, and organ- 
weight-to-body-weight ratios for male and female 
mice evaluated at 15 or 66 weeks are shown in 
Tables I9-112. Mean body weights at necropsy were 
similar among dosed and control groups at the 15- 
week evaluation. At 66 weeks, however, the body 
weight of the high-dose males was significantly lower 
than that of controls (Table Il l) .  There were no 
biologically significant differences in organ weights 
or organ-weight-to-body-weight ratios between dosed 
and control groups. Decreases in brain weights at 
15 weeks (Table 19) and liver weights at 66 weeks 
(Table I l l )  in high-dose males were related to the 
lower body weights in these groups. The results of 
analyses performed on blood samples collected at 

the interim evaluations are presented in Tables J5 
and J6. There were no alterations in hematologic 
parameters attributable to the consumption of 
chlorinated water for 15 or 66 weeks (Tables 10 and 
11, Figure 6). There were no clinical findings 
attributable to the consumption of chlorinated 
water. 

Surviva l  
Estimates of the probability of survival of male and 
female mice receiving chlorinated water at the doses 
used in these studies and for controls are shown in 
the Kaplan-Meier curves in Figure 7. The numbers 
of mice dying early, killed while moribund, or 
surviving to the end of the studies are given in 
Table 12. One male and one female predesignated 
for the 66-week interim evL'.uations died or were 
killed while moribund before the 66-week interim 
evaluations. The clinical and pathology data from 
these animals were therefore included with the core 
group of 2-year study animals for evaluation. The 
survival rates of mice receiving chlorinated water 
were not significantly different from those of 
controls. 

Pathology and Statistical Analysis 
of Results 
Summaries of the incidences of neoplasms and 
nonneoplasti¢ lesions, individual animal tumor 
diagnoses, statistical analyses of primary tumors that 
occurred with an incidence of at least 5% in at least 
one dose group, and historical control incidences for 
the neoplasms mentioned in this section are 
presented in Appendixes ]E and F for male and 
female mice given chlorinated water. No gross or 
microscopic lesions attributable to chlorinated water 
consumption were seen in the 15- or 66-week 
interim evaluations. 
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TABLE 10 
• Mean Body Weights and Survival of Male Mice in the 2-Year Study of  Chlorinated Water 

0 p p m  70 p p m  I40 p p m  275 p p m  

Study Av. W t  No. of Av. W t  Wk (% of No. of Av. WL WL (% of No. of 
Week (g) Survivors (g) controls) Survivors (g) controls) Survivors 

Av. W t  Wt. (% of No. of 
(g) controls)  Survivors 

1 22.4 70 a 22.2 99 70 a 22.3 100 70 a 21.7 97 70 a 
2 24.4 70 24.3 100 70 24.5 100 70 23.8 98 " 70 
3 25.5 70 25.5 100 70 25.8 101 70 25.1 98 70 
4 26.6 70 26.9 101 70 26.8 101 70 25.9 97 69 
5 27.8 70 27.7 100 70 28.1 101 70 27.0 97 69 
6 29.3 70 29.2 100 70 29.4 100 70 28.3 97 69 
7 30.5 70 30.3 99 70 30.3 99 70 29.4 96 69 
8 31.5 70 31.2 99 70 31.3 99 70 30.0 95 69 
9 31.9 70 3Z2 101 70 3Z0 I00 70 31.0 97 69 

10 33.0 70 33.6 102 70 33.3 101 70 3Z0 97 69 
11 34.2 70 34.6 101 70 34.4 101 70 33.0 97 69 
12 35.1 70 35.3 101 70 35.1 100 70 33.6 96 69 
13 36.4 70 36.5 100 70 36.4 100 70 34.8 96 69 
17 b 39.4 60 39.9 101 60 39.5 100 60 38.0 96 59 
21 4~4 60 4~4 100 60 4~4 100 60 40.9 97 59 
25 45.0 60 44.8 100 60 44.8 100 60 43.6 97 59 
29 46.1 60 45.8 99 60 45.9 100 60 44.5 97 59 
33 46.2 60 45.8 99 60 45.8 99 60 44.5 96 59 
37 46.7 60 45.9 98 60 45.8 98 60 45.0 96 59 
41 46.9 60 46.5 99 60 46.2 99 60 45.3 97 59 
45 48.1 60 47.6 99 60 47.2 98 60 46.0 96 59 
49 48.4 60 47.6 98 60 47.5 98 60 46.1 95 59 
53 49.0 60 48.0 98 60 47.8 98 60 46.4 95 58 
57 49.9 60 48.6 97 60 48.2 97 60 47.6 95 57 
61 49.8 60 48.2 97 60 48.0 96 60 46.7 94 57 
65 50.2 60 48.4 96 60 48.3 96 60 47.3 94 57 
69 b 50.9 50 48.7 96 50 48.2 95 50 47.4 93 47 
73 50.4 50 48.1 95 49 47.3 94 50 47.4 94 46 
77 50.3 50 49.0 97 48 47.5 94 50 47.4 94 46 
81 50.9 46 49.4 97 46 48.2 95 45 47.5 93 45 
85 50.6 45 48.6 96 45 48.4 96 44 47.4 94 43 
89 50.2 45 48.0 96 44 48.3 96 44 46.8 93 43 
93 49.6 44 48.7 98 41 47.8 96 43 46.5 94 43 
97 48.8 41 47.4 97 38 47.5 97 42 45.2 93 43 

101 48.8 38 47.0 96 34 47.0 96 38 44.9 92 35 

Termina l  sacrifice 34 28 35 32 

Mean  for weeks 
1-13 29.9 30.0 100 30.0 100 28.9 97 

17-49 45.5 45.1 99 45.0 99 43.8 96 
53-101 50.0 48.3 97 47.9 96 46.8 94 

a Includes interim evaluation animals. 
b Interim evaluation occurred. 
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TABLE 11  

M e a n  B o d y  W e i g h t s  a n d  S u r v i v a l  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  S t u d y  o f  C h l o r i n a t e d  W a t e r  

0 p p m  70 p p m  140 p p m  275 p p m  

Study Av. W t  No. of  Av. W t  WL (% of No. of  Av. WL W t  (% of  No. of  
Week (g) Survivors (g) controls) Survivors (g) controls) Survivors 

Av. WL WL (% of No. of 
(g) controls) Survivors 

1 18.1 70 a 18.1 100 70 a 17.9 99 70 a 18.0 99 70 a 
2 19.9 70 19.7 99 70 19.5 98 70 19.5 98 70 
3 20.6 69 20.8 101 70 20.5 100 70 20.5 100 70 
4 22.0 69 22.0 100 70 21.6 98 70 21.7 99 70 
5 23.1 69 22.9 99 70 22-8 99 70 22.6 98 70 
6 23.7 69 24.0 101 70 23.4 99 70 23.1 98 70 
7 24.4 69 24.7 101 70 24.1 99 70 23.9 98 70 
8 25.5 69 25.5 100 70 25.0 98 70 24.7 97 70 
9 26.3 69 26.3 100 70 25.6 97 70 25.1 95 70 

10 27.4 69 27.6 101 70 26.5 97 70 26.2 96 70 
11 28.2 69 28.6 101 70 27.7 98 70 27.1 96 " 70 
12 28.9 69 29.2 101 70 28.3 98 70 27.8 96 70 
13 30.0 69 30.2 101 70 29.2 97 70 28.7 96 70 
17 b 33.3 59 33.4 100 60 33.2 100 60 32.4 97 60 
21 36.7 59 37.1 101 60 36.6 100 60 35.5 97 60 
25 39.5 59 39.5 100 60 39.2 99 60 38.2 97 60 
29 41.6 59 41.1 99 60 41.1 99 60 39.7 95 60 
33 41.5 59 42.0 101 59 41.5 100 60 40.5 98 60 
37 43.0 59 42.8 100 59 42.5 99 60 41.5 97 60 
41 44.2 59 44.3 100 59 43.5 98 59 42.4 96 60 
45 46.4 59 46.0 99 59 45.2 97 58 43.9 95 60 
49 47.2 59 47.1 100 59 46.2 98 58 44.9 95 60 
52 47.0 59 c 48.0 102 58 c 47.7 102 57 c 45.0 96 60 c 
53 51.0 59 ¢ 50.0 98 58 c 48.4 95 57 c 48.2 95 60 c 
57 5,0.6 59 50.7 100 58 49.8 98 57 48.1 95 60 
61 50.7 59 51.0 101 58 50.1 99 57 48.3 95 60 
65 51.8 59 52.3 101 58 50.3 97 57 49.4 95 60 
69 b 53.9 48 52.6 98 49 51.6 96 46 51.2 95 49 
73 53.7 48 52.1 97 48 51.3 96 46 50.8 95 47 
77 55.5 46 53.2 96 47 52.6 95 45 52.3 94 46 
81 55.2 45 53.3 97 46 52.4 95 42 52.2 95 45 
85 56.9 42 53.3 94 45 52.9 93 40 53.0 93 45 
89 56.3 42 53.7 95 43 53.3 95 40 53.2 95 44 
93 55.7 42 53.4 96 40 52.6 94 40 52.5 94 43 
97 55.8 40 51.8 93 39 52.6 94 38 51.7 93 41 

101 54.7 34 49.6 91 37 50.5 92 37 50.8 93 37 

Termina l  sacrifice 33 31 28 35 

Mean for weeks 
1-13 24.5 24.6 100 24.0 98 23.8 97 

17-49 41.5 41.5 100 41.0 99 39.9 96 
57-101 54.2 52.3 96 51.7 95 51.1 94 

a Includes interim evaluation animals. 
b Interim evaluation occurred. 
c The number of animals weighed for this week is fewer than the number of animals surviving. 
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TABLE 12 

S u r v i v a l  o f  M i c e  in  t h e  2 o y e a r  S t u d i e s  o f  C h l o r i n a t e d  W a t e r  

0 ppm 70 ppm 140 ppm 275 ppm 

Male 

Animals initially in study 70 70 70 70 

15-week interim evaluation a 10 10 10 10 
66-week interim evaluation a 10 10 10 9 
Natural deaths 4 6 2 8 
Moribund 12 16 13 10 
Accidental deaths a 0 0 0 1 
Animals surviving to end of study 34 28 b 35 32 
Percent survival at end of study c 68 56 70 64 
Mean survival (days) d 706 697 704 678 

Survival analysis e P=0.952 P=0.290 P=I.000N P=0.799 

Female 

Animals initially in study 70 70 70 70 

15-week interim evaluation a 10 10 10 10 
66-week interim evaluation a 10 9 10 10 
Natural deaths 3 6 3 3 
Moribund 13 14 19 12 
Accidental deaths a 1 0 0 0 
Animals surviving to end of study 33 31 28 b 35 
Percent survival at end of study c 67 61 56 70 
Mean survival (days) d 683 684 676 698 

Survival analysis e P=0.767N P=0.635 P--0.364 P =0.938N 

a Censored from survival analyses 
b One of these animals was found dead on the last day of the study. 
¢ Kaplan-Meier determinations 
d Mean of all deaths (uncensored, censored, terminal sacrifice) 
e The entry under the "0 ppm" column is the trend test (Tarone, 1975) result. Subsequent entries are the results of pairwise tests 

(Cox, 1972). A negative trend or lower mortality is indicated by N. 
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K/dney: A renal tubule cell adenoma occurred in 
one high-dose male mouse and a tubule cell 
carcinoma occurred in a second high-dose male 
(Table 13). The carcinoma was observed grossly at 
necropsy, but the adenoma was not. Focal tubule 
hyperplasia was seen in one low-dose and two 
high-dose male micce. Renal tubule neoplasms are 
uncommon in male mice: none have occurred in 129 
historical controls in drinking water studies, and in 
feed studies, the incidence in historical controls is 
1/563 (0.2%) (Table E4). Because renal tubule 
neoplasms are rare in untreated controls, additional 
step sections (4 to 6 sections/mouse) were prepared 
of residual formalin-fixed kidney from all male mice 
and were examined microscopically. Hyperplasia was 
observed in additional animals from each group, 
including controls, and a carcinoma was found in 
one low-dose male (Table 13). 

Renal tubule cell proliferative lesions exhibit a 
morphological continuum from focal hyperplasia to 
carcinoma. Focal hyperplasia was characterized as 
slightly enlarged tubules filled by two or more layers 
of well-differentiated epithelial cells. These lesions 
were distinct from the regenerative tubules and are 
lined by a single layer of  small, basophilic cells that 
are associated with chronic nephropathy, which is 
commonly observed in aged mice. The adenoma 
was a discrete, expansile mass of epithelial ceils 
arranged in solid nests and tubule-like structures. 
The carcinomas exhibited greater heterogeneity of  
growth pattern, cellular pleomorphism, and necrosis. 

There were no other kidney lesions that occurred 
with a greater incidence in exposed male or female 
mice than in the controls. The histopathology 
quality assessment review and a second blind 

TABLE 13 
Incidence of Lesions of the Kidney in Male Mice in the 2.Year Study of Chlorinated Water 

0 ppm 70 ppm 140 ppm 275 ppm 

Orlghml Sections a 
Renal tubule, hyperplasia, focal 
Renal tubule, adenoma b 
Renal tubule, carcinoma 
Renal tubule, adenoma or carcinoma 

Adjusted rates c 
Terminal rates d 
First incidence (days) 
Logistic regression tests f 

Step Sections 
Renal tubule, hyperplasia, focal 
Renal tubule, adenoma 
Renal tubule, carcinoma 

Original and Step Sections Combined 
Renal tubule, hyperplasia, focal 
Renal tubule, adcnoma 
Renal tubule, carcinoma 
Renal tubule, adenoma or carcinoma 

Adjusted rates 
Terminal rates 
First incidence (days) 
Logistic regression tests 

0/50 (0%) 1/50 (2%) 0/50 (0%) 2/51 (4%) 
0/50 (0%) 0/50 (0%) 0/50 (0%) 1/51 (2%) 
0/50 (0%) 0/50 (0%) 0/50 (0%) 1/51 (2%) 
0/50 (0%) 0•50 (0%) 0/50 (0%) 2/51 (4%) 
0.0% 0.0% 0.0% 6.3% 
0/34 (0%) 0/28 (0%) 0/35 (0%) 2/32 (6%) 
_e _ - 733 (T) 
P=0.060 - - P=0.225 

2/50 (4%) 1/50 (2%) 2/50 (4%) 1/51 (2%) 
0/50 (0%) 0/50 (0%) 0/50 (0%) 0/51 (0%) 
0/50 (0%) 1/50 (2%) 0/50 (0%) 0/51 (0%) 

2/50 (4%) 2/50 (4%) 2/50 (4%) 3/51 (6%) 
0/50 (0%) 0/50 (0%) 0/50 (0%) 1/51 (2%) 
0/50 (0%) 1/50 (2%) 0/50 (0%) 1/51 (2%) 
0/50 (0%) 1/50 (2%) 0/50 (0%) 2/51 (4%) 
0.0% 3.6% 0.0% 6.3% 
0/3,4 (0%) 1/28 (4%) 0/35 (0%) 2/32 (6%) 
- 733 (T) - 733 (T) 
P=0.158 P=0.461 - P=0.225 

~T) Terminal sacrifice 
b Number of tumor-bearing animals/number of animals examined microscopically for this tumor type 

Historical incidence for 2-year NTP studies with untreated control groups is: 1/563 (0.2% ± 0.6%), range 0%-2% (feed studies); 
0/129 (drinking water studies). 

c Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
d Observed incidence at terminal kill 
• Not applicable; no tumors in animal group 
f Beneath the 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 the controls and that dosed group. The logistic regression tests regard these lesions 
as nonfatal. 
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evaluation of the kidney sections did not identify 
any difference in the incidence or severity of renal 
tubule atrophy, dilatation, regeneration, focal 
mineralization, or protein casts. These changes were 
considered characteristic of the spontaneous 
ncphropathy commonly seen in aging mice. 

Uterus: Endometrial stromal polyps of the uterus 
were seen in 1/50 mid-dose and 3/50 high-dose 
female mice in the 2-year study and in 1/10 

high-dose females at the 66-week interim evaluation 
(Table 14). Although polyps occurred with a 
significant (P=0.008) positive trend, the incidence in 
the high-dose groups was not significantly greater by 
the pairwise comparison test. Moreover, the 
~.ncidence in the high-dose group, 4/70 (6%), is 
within the range of untreated historical controls for 
feed and drinking water studies (0%-6%), and the 
only malignant neoplasm (sarcoma) occurred in a 
control female. 

TABLE 14 

Inc idence  o f  L e s i o n s  o f  t h e  U t e r u s  in  F e m a l e  M i c e  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n a n d  i n  t h e  2 - Y e a r  

S t u d y  o f  C h l o r i n a t e d  W a t e r  

0 ppm 70 ppm 140 ppm 275 ppm 

St roma i  Polyp a 
66-Week Interim Evaluation b 

Overall rates c 0/10 (0%) 0/9 (0%) 0/10 (0%) 1/10 (10%) 
2.Year Study 

Overall rates 0/50 (0%) 0/51 (0%) 1/50 (2%) 3/50 (6%) 
Adjusted rates d 0.0% 0.0% 2.4% 7.3% 
Terminal rates e 0f/33 (0%) 0/'31 (0%) 0/28 (0%) 1/35 (3%) 
First incidence (days) - - 561 606 
Logistic regression tests g Pffi0.016 - P=0.491 P=0.112 

Combined 
Overall rates 0/'70 (0%) 0/60 (0%) 1/61 (2%) 4~0 (6%) 
First incidence (days) - - 561 457 (I) 
Logistic regression tests P=0.008 - P=0.459 P--0.065 

Sa rcoma  
2-Year Sludy 

Overall rates 1/5o (2%) 0/50 (0%) 0/50 (0%) 0/50 (0%) 

~I) Interim evaluation 
Historical incidence for 2-year NTP studies with untreated control groups is: 14/570 (2% _+ 1.9%), range 0%-6% (feed studies); 
2/130 (2% _+ 2.1%), range 0%-3% (drinking water studies). 

b Number of animals examined at site 
c Number of tumor-bearing animals/number of animals necropsied 
d Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
e Observed incidence at terminal kill 
f No tumors in dosed group or control group; statistical test not performed. 
g Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dosed group incidence are the P values 

corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression tests regard these lesions 
as nonfatal. 
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CHLORAMINATED W A T E R  IN M I C E  

Water, Compound, and Feed Consumption 
Administration of chloraminated water resulted in a 
dose-related decrease in water consumption by both 
sexes that was evident in the first week and 
continued throughout the studies (Tables L7 and 
LS). Within dose groups, estimated ingestion of 
chloramine by males was lower than that by females 
the first year, but higher than that by females the 
second year, except for the high-dose group. Feed 
consumption by dosed male mice was similar to 
controls throughout the studies. In females, mean 
feed consumption was similar in all treatment 
groups except the high-dose group, in which feed 
consumption was slightly lower than in the other 
groups (Tables N7 and N8). 

Body Weights, Organ Weights, Hematology, 
and Clinical Findings 
There was a dose-related decrease in mean body 
weights of dosed male and female mice throughout 
most of the studies (Tables 15 and 16, Figure 8). 
Mean body weights of high-dose males were 10% to 
22% lower than those of controls after week 37, and 
body weights of high-dose female mice were 10% 
to 35% lower than controls after week 8. Mean 
body weights of high-dose male and female mice 
were 91% and 84% of the control values at 15 
weeks (Table I13). At the 66-week evaluation, the 
body weights of high-dose female mice were similar 
to controls, but the body weights of mid- and 
high-dose male mice were lower than controls 
(Table I15). Although there were some statistically 
significant differences in organ weights and organ- 
weight-to-body-weight ratios between dosed and 
control groups, the differences were not biologically 
significant. Decreases in liver weights and increases 

in brain- or kidney-weight-to-body-weight ratios 
observed in high-dose mice at 15 or 66 weeks were 
related to the lower body weights in these groups. 
There were no alterations in hematologic parameters 
attributable to the consumption of chloraminated 
water at either the 15-week or 66-week interim 
evaluation. There were no clinical findings 
attributable to the consumption of chloraminated 
water (Tables J7 and J8). 

Survival 
Estimates of the probability of survival of male and 
female mice receiving chloraminated water at the 
doses used in these studies and for controls are 
shown in the Kaplan-Meier curves in Figure 9. The 
numbers of mice dying early, killed moribund, or 
surviving to the end of the studies are given in 
Table 17. The survival rates of mice receiving 
chloraminated water were not significantly different 
from those of controls. One male in the high-dose 
group died before the 66-week interim evaluation. 
The clinical and pathology data from this animal 
was therefore included with the core group of 2-year 
study animals for evaluation. 

Pathology and Statistical Analysis 
of Results 
Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tumors that 
occurred with an incidence of at least 5% in at least 
one dose group, and historical control incidences for 
the neoplasms mentioned in this section are 
presented in Appendixes G and H for male and 
female mice given chloraminated water. A 
harderian gland adcnoma was observed in one 
high-dose female mouse at the 66-week interim 
evaluation. 
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TABLE 15 
Mean Body Weights and Survival of Male Mice in the 2-Year Study of Chioraminated Water 

0 p p m  50 p p m  104) p p m  200 p p m  

Study Av. Wt. No. of Av. Wt. W t  (% of No. of Av. W t  WL (% of No. of Av. W~. W t  (% of No. of 
Week (g) Survivors (g) controls)  Survivors (g) controls) Survivors (g) controls) Survivors 

1 22.4 70 a 22.0 98 70 a 21.6 96 70 a 21.6 96 70 a 
2 24.4 70 24.3 100 70 23.9 98 70 23.3 96 70 
3 25.5 70 25.7 101 70 25.1 98 70 24.6 97 70 
4 26.6 70 27.0 102 70 26.1 98 70 25.5 96 70 
5 27.8 70 27.9 100 70 27.5 99 70 26.6 96 70 
6 29.3 70 29.4 100 70 28.8 98 70 27.9 95 70 
7 30.5 70 29.9 98 70 29.8 98 70 28.4 93 70 
8 31.5 70 31.5 100 70 30.7 98 70 28.9 92 70 
9 31.9 70 32.2 101 70 31.5 99 70 29.9 94 70 

10 33.0 70 33.5 102 70 32.5 99 70 30.8 93 70 
11 34.2 70 34.2 100 70 33.3 97 70 31.6 92 70 
12 35.1 70 35.1 100 70 34.0 97 70 32.2 92 70 
13 36.4 70 36.0 99 70 35.2 97 70 33.2 91 70 
17 b 39.4 60 39.4 100 60 38.3 97 60 35.5 90 60 
21 42.4 60 41.9 99 60 40.9 97 60 39.1 92 60 
25 45.0 60 44.6 99 60 43.4 96 60 41.3 92 60 
29 46.1 60 45.8 99 60 44.2 96 60 4Z5 92 60 
33 46.2 60 45.7 99 60 43.9 95 60 4Z1 91 60 
37 46.7 60 45.8 98 60 44.3 95 60 4Z0 90 60 
41 46.9 60 46.1 98 60 44.8 96 60 42.3 90 60 
45 48.1 60 47.3 98 60 45.6 95 60 4Z7 89 60 
49 48.4 60 47.5 98 60 45.9 95 60 4Z9 89 60 
53 49.0 60 48.0 98 60 46.5 95 60 43.5 89 59 
57 49.9 60 48.5 97 60 47.0 94 60 44.1 88 59 
61 49.8 60 48.2 97 60 47.0 94 60 43.7 88 59 
65 50.2 60 48.5 97 60 47.4 94 60 44.5 89 57 
69 b 50.9 50 48.8 96 50 48.0 94 50 44.8 88 48 
73 50.4 50 48.2 96 49 47.2 94 50 44.1 88 48 
77 50.3 50 48.3 96 49 47.9 95 50 44.3 88 48 
81 50.9 46 48.6 96 46 47.6 94 50 44.1 87 48 
85 50.6 45 48.3 96 45 48.2 95 47 43.8 87 46 
89 50.2 45 48.0 96 45 47.4 94 46 4Z7 85 46 
93 49.6 44 46.6 94 43 46.3 93 45 4Z4 86 44 
97 48.8 41 45.2 93 42 46.0 94 43 39.4 81 43 

101 48.8 38 45.3 93 32 45.6 93 38 38.1 78 42 

Termina l  sacrifice 34 23 34 37 

Mean for weeks 
1-13 29.9 29.9 100 29.2 98 28.0 94 

17-49 45.5 44.9 99 43.5 96 41.2 91 
53-101 50.0 47.7 95 47.1 94 43.0 86 

a Includes interim evaluation animals. 
b Interim evaluation occurred. 
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TABLE 16  

M e a n  B o d y  W e i g h t s  a n d  S u r v i v a l  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  S t u d y  o f  C h l o r a m i n a t e d  W a t e r  

0 p p m  50 p p m  100 p p m  200 p p m  

Study Av. WL No. of Av. WL WL (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. WL (% of No. of 
Week (g) Survivors (g) controls) Survivors (g) controls) Survivors (g) controls)  Survivors 

1 18.1 70 a 17.9 99 70 a 17.8 98 70 a 1Z7 98 70 a 
2 19.9 70 187 99 70 186 99 70 18.8 95 70 
3 20.6 69 20.6 100 70 20.4 99 70 19.5 95 70 
4 22.0 69 21.8 99 70 21.6 98 70 20.6 94 70 
5 23.1 69 22.9 99 70 22.7 98 70 21.5 93 70 
6 23.7 69 23.4 99 70 22.9 97 70 22.0 93 70 
7 24.4 69 23.9 98 70 23.8 98 70 22.5 92 70 
8 25.5 69 24.7 97 70 24.6 97 70 22.9 90 70 
9 26.3 69 25.5 97 70 25.3 96 70 23.4 89 70 

10 27.4 69 26.5 97 70 26.2 96 70 24.1 88 69 
11 28.2 69 27.3 97 70 27.2 97 70 24.5 87 69 
12 28.9 69 27.9 97 70 27.7 96 70 24.7 86 69 
13 30.0 69 28.9 96 70 28.7 96 70 25.6 85 69 
17 b 33.3 59 32.3 97 60 31.9 96 60 27.8 84 59 
21 36.7 59 35.1 96 60 35.4 97 60 c 31.0 85 59 
25 39.5 59 37.6 95 60 38.2 97 60 33.4 85 59 
29 41.6 59 39.4 95 60 39.7 95 60 35.0 84 59 
33 41.5 59 40.1 97 60 40.0 96 60 35.1 85 59 
37 43.0 59 40.6 94 60 40.3 94 60 35.3 82 59 
41 44.2 59 42.0 95 60 41.2 93 60 35.3 80 59 
45 46.4 59 43.8 94 60 4Z4 91 60 36.3 78 59 
49 47.2 59 44.4 94 60 43.4 922 60 37.0 78 59 
52 47.0 30 c 45.5 97 30 c 41.7 89 30 c 36.0 77 29 c 
53 51.0 29 c 46.6 91 30 c 47.4 93 30 c 40.3 79 30 c 
57 50.6 59 47.2 93 60 46.0 91 59 38.9 77 59 
61 50.7 59 47.8 94 59 46.2 91 59 38.7 76 59 
65 51.8 59 48.7 94 59 46.6 90 59 39.3 76 59 
69 b 53.9 48 49.7 92 49 47.1 87 49 39.3 73 49 
73 53.7 48 49.5 92 49 46.6 87 49 38.6 72 49 
77 55.5 46 50.3 91 49 47.6 86 47 39.5 71 49 
81 55.2 45 50.5 92 48 48.5 88 47 39.5 72 49 
85 56.9 42 51.4 90 45 48.9 86 47 39.9 70 48 
89 56.3 42 51.4 91 44 49.0 87 47 39.2 70 48 
93 55.7 42 51.5 93 41 48.5 87 46 38.1 68 47 
97 55.8 40 50.9 91 39 47.2 85 44 36.7 66 45 

101 54.7 34 48.2 88 37 44.5 81 41 35.3 65 43 

Termlnalsacrifice 33 32 35 42 

Mean fo rweeks  
1-13 24.5 23.9 98 23.7 97 22.1 90 

17-49 41.5 39.5 95 39.2 94 34.0 82 
57-101 54.2 49.8 92 47.2 87 38.6 71 

a Includes interim evaluation animals. 
b 

Interim evaluation occurred. 
c The number of animals weighed for this week is fewer than the number of animals surviving. 
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TABLE 17 

S u rv iva l  o f  M i c e  in  t h e  2 - Y e a r  S t u d i e s  o f  C h l o r a m i n a t e d  Water  

0 ppm 50 ppm 100 ppm 200 ppm 

Male 

Animals initially in study 70 70 70 70 

15-week interim evaluation a 10 10 10 10 
66-week interim evaluation a 10 10 10 9 
Natural deaths 4 3 3 4 
Moribund 12 24 13 10 
Animals surviving to end of studyL. 34 23 34 37 
Percent survival at end of study' 68 46 68 73 
Mean survival (days) e 706 700 712 701 

Suwival analysis d P=0.237N P=0.071 P=I.000N P=0.770N 

Female 

Animals initially in study 70 70 70 70 

15-week interim evaluation a 10 10 10 10 
66-week interim evaluation a 10 10 10 10 
Natural deaths 3 3 6 3 
Moribund 13 14 9 5 
Accidental deaths a 1 1 0 0 
Animals surviving to end of study 33 32 35 42 
Percent survival at end of study ti 67 66 70 84 
Mean survival (days) c 683 699 709 711 

Survival analysis d P=0.042N P =0.932 P=0.815N P =0.080N 

a Censored from sutrvival analyses 
b Kaplan-Meier determinations (survival rates adjusted for interim evaluation and accidental deaths) 
c Mean of all deaths (uncensored, censored, terminal sacrifice) 
d The entry under the "0 ppm" column is the trend test (Tarone, 1975) result. Subsequent entries are the results of pairwise tests 

(Cox, 1972). A negative trend or lower mortality is indicated by N. 
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Kidney: R e n a l  tubu le  cell  a d e n o m a s  occur red  in two 
h igh-dose  ma le  mice,  bu t  n o n e  were  seen  in con t ro l s  
(Tab le  18). Bo th  a d e n o m a s  were  observed  by gross 
examina t ion  at  necropsy.  F o c a l  t ubu le  hyperp las ia  
was seen  in one  low-dose,  two mid-dose ,  and  one  
h igh-dose  male .  On ly  one  rena l  tubu le  n e o p l a s m  
has occur red  in feed s tudies  in 563 (0.2%) h is tor ica l  
con t ro l s  (Tab le  G4).  Because  o f  the  rar i ty  o f  these  
lesions in un t r ea t ed  contro ls ,  add i t iona l  s tep  sect ions  
o f  res idua l  formal in- f ixed  k idney f rom all  ma le  mice 
were  p r e p a r e d  and  examined  microscopical ly .  
H y p e r p l a s i a  was obse rved  in two con t ro l  males  and  
one  add i t i ona l  mid -dose  male ,  and  an a d e n o m a  was 
found in one  low-dose  ma le  (Table  18). 

T h e r e  were  no  o t h e r  k idney les ions  tha t  occur red  
with  a g rea te r  inc idence  in exposed  ma le  o r  female  
mice  than  in the  contro ls .  T h e  h i s t opa tho logy  
qual i ty  assessment  review and a second  b l ind  
eva lua t ion  o f  the  k idney  sec t ions  d id  no t  ident i fy  
any dif ference  in the  inc idence  o r  sever i ty  o f  rena l  
tubu le  a t rophy ,  d i l a t a t ion ,  r egene ra t ion ,  focal 
minera l i za t ion ,  o r  p r o t e i n  casts be tw e e n  t r ea t ed  and  
con t ro l  groups .  These  changes  were  cons ide red  
charac te r i s t i c  o f  the  s p o n t a n e o u s  n e p h r o p a t h y  
c o m m o n l y  seen  in aging mice.  

TABLE 18 
Incidence  of  Les ions  of  the  Kidney in Male  Mice  in the 2-Year Study o f  C h l o r a m i n a t e d  W a t e r  

0 ppm 50 ppm 100 ppm 200 ppm 

Original Sections a 
Renal tubule, hyperplasia, focal 0/50 (0%) 1/50 (2%) 2/50 (4%) 1/51 (2%) 
Renal tubule, adenoma b 0/50 (0%) 0/50 (0%) 0/50 (0%) 2/51 (4%) 

Adjusted rates e 0.0% 0.0% 0.0% 5.4% 
Terminal rates d 0/34 (0%) 0/23 (0%) 034 (0%) 2/37 (5%) 
First incidence (days) _e _ - 733 (T) 
Logistic regression tests f P=0.082 - - P=0.257 

Step Sections 
Renal tubule, hyperplasia, focal 
Renal tubule, adenoma 

Original and Step Sections Combined 
Renal tubule, hyperplasia, focal 
Renal tubule, adenoma 

Adjusted rates 
Terminal rates 
First incidence (days) 
Logistic regression tests 

2/50 (4%) 0/50 (0%) 1/50 (2%) 0/51 (0%) 
0/50 (0%) 1/50 (2%) 0/50 (0%) 0/51 (0%) 

'2/50 (4%) 1/50 (2%) 3/50 (6%) 1/51 (2%) 
0/50 (0%) 1/50 (2%) 0/50 (0%) 2,/51 (4%) 
0.0% 4.3% 0.0% 5.4% 
0/34 (0%) 1:Z3 (4%) 034 (0%) 2/37 (5%) 
- 733 (T) - 733 (T) 
P=0.195 P=0.422 - P=0.257 

IT)Terminal sacrifice 
b Number of tumor-bearing animals/number of animals examined microscopically for this tumor type 

Historical incidence for 2-year NTP studies with untreated control groups is: 1/563 (0.2% _+ 0.6%), range 0%-2% (feed studies); 
0/129 (drinking water studies). 

c Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
d Observed incidence at terminal kill 
e Not applicable; no tumors in animal group 
f Beneath the 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 the controls and that dosed group. The logistic regression tests regard these lesions 
as nonfatal. 



57 

DISCUSSION AND CONCLUSIONS 

Chlorine was first used as a disinfectant in drinking 
water in the early 1900's, and since then chlorina- 
tion has become one of the most effective ways to 
eliminate the spread of waterborne diseases, 
particularly those caused by pathogenic bacteria such 
as Salmonella typhosa (typhoid fever). The U.S. 
Congress and the U.S. Environmental Protection 
Agency (USEPA), through the Safe Drinking Water 
Act of 1974 and Amendments, mandated studies to 
determine the most effective way to disinfect water 
supplies and at the same time minimize potential 
long-term health effects associated with either the 
chemicals used in water treatment or with chemical 
byproducts resulting from water treatment (NRC, 
1977; USEPA, 1988). 

Untreated water can contain a large number of 
compounds that react with chlorine, including 
inorganic reducing agents; ammonia, amines and 
amino acids; humic substances (complex polymers 
of natural origin); and other forms of organic 
nitrogen. The principal result of the reaction of 
chlorine with these compounds is the formation of 
halogenated byproducts, particularly trihalo- 
methanes, halogenated acetic acids, halogenated 
acetonitriles, chlorinated ketones, halogenated 
hydrocarbons, and others. Bromide can also be 
present in untreated water and react with 
compounds in the water to form brominated 
byproducts. Several of the trihalomethanes, 
including bromodichloromethane, tribromomethane 
(bromoform), chlorodibromomethane,  and 
chloroform, have demonstrated carcinogenic activity 
in rats, mice, or both, when given by oral gavage at 
relatively high doses (NCI, 1976b; NTP, 1985a, 1987, 
1989c). 

While chlorine is currently the most widely used 
disinfectant in the United States, chloramination is 
a promising alternative to chlorination and is used 
in 10% to 20% of the water treatment plants. In 
the chloramination process, inorganic chloramines 
are formed when water containing ammonia is 
chlorinated. Although these chloramines are 
somewhat less effective in disinfecting water than 
chlorine, they are less likely to react with organic 

matter to form byproducts, especially the trihalo- 
methanes and the chlorophenols. 

The USEPA (Stober, 1990) and the International 
Agency for Research on Cancer (Daniel et al., 1990) 
recently reviewed epidemiologic studies examining 
the relationship between cancer and the consump- 
tion of chlorinated drinking water. In particular, 
studies by Cantor et. al. (1987) and Zierler et. al. 
(1988) showed an association between cancer of the 
urinary bladder and long-term exposure to 
chlorinated drinking water, especially chlorinated 
surface water. Although these epidemiologic studies 
demonstrated some risk associated with the con- 
sumption of chlorinated water, they did not identify 
the causal factor or factors. Thus, it is unknown if 
the risk was associated with residual available atomic 
chlorine, chlorinated byproducts, or other 
contaminants. 

At the request of the USEPA, the National 
Toxicology Program conducted 2-year studies of 
chlorinated and chloraminated water in F344/N rats 
and B6C3F 1 mice. The intent of these studies was 
to determine the potential chronic toxicity or 
carcinogenic activity of chlorinated or chloraminated 
water without the possible confounding effects of 
byproducts from chlorination. Thus, the water for 
all treatment groups was charcoal filtered and 
deionized to remove organic substances and other 
contaminants. The levels of trihalomethanes in 
samples from water bottles in the animal rooms 
were measured during the course of the studies and 
varied from <1 to 415 ppb for chlorinated water, 
from <1 to 8 ppb for chloraminated water, and 
from <1 to 8 ppb for untreated control water. 
Water bottles were kept in the animal room for two 
days. As the animals drank, small amounts of 
organic matter were possibly introduced into the 
water and, in the case of chlorinated water, allowed 
low levels of trihalomethanes to form. Nevertheless, 
the levels of trihalomethanes found in the water 
bottles are well below the levels found to produce 
tumors in rodents in previous NCI/NTP 2-year 
studies and are not believed to compromise the 
interpretation of the current drinking water studies. 
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In these 2-year studies, concentrations of 70, 140, or 
275 ppm available atomic chlorine and 50, 100, or 
200 ppm chloramine were administered. Common 
control groups were used for comparison with rats 
and mice receiving chlorinated or chloraminated 
water. Water for all groups was deionized, charcoal 
filtered, then buffered and adjusted to pH 9 to 
ensure that hypochlorite (chlorinated water) and 
monochloramine (chloraminated water) were the 
predominant products. 

Palatability was the principal factor limiting the 
concentrations of available atomic chlorine or 
chloramine in these studies. There was a dose- 
related decrease in water consumption by animals 
receiving chlorinated or chloraminated water 
(Tables L1-L8). Decreased water consumption was 
evident during the first week and continued through- 
out the studies. Toward the end of the studies, the 
effect on water consumption was generally less than 
during the first weeks. The animals showed no 
physiological alterations due to decreased water 
consumption, and there was no clinical or hemato- 
logical evidence of dehydration (Tables J1-J9). The 
concentrations used in these studies therefore 
represent the maximum doses that could be prac- 
tically delivered to the animals in drinking water. 

Because body weight and water consumption 
changed as the rats and mice aged, the amount of 
available atomic chlorine or chloramine ingested 
during the NTP 2-year studies varied. For both 
chemicals, the mean daily dose (mg available atomic 
chlorine or chloramine/kg body weight) was higher 
during the first 13 weeks than during the second 
year of the studies. In the chlorinated water studies, 
high-dose rats received a mean daily dose of approx- 
imately 20 mg/kg for the first 13 weeks, which de- 
creased to 13-14 mg/kg during the second year; for 
high-dose mice, the mean daily dose decreased from 
35-44 mg/kg to 20-23 mg/kg. In the chloraminated 
water studies, the mean daily dose decreased from 
12 mg/kg to 9 mg/kg for high-dose rats, and from 
20-24 mg/kg to 15-16 mg/kg for high-dose mice. In 
contrast, the average daily dose of chlorine or 
chloramine estimated for a 60-kg man drinking 2 L 
of chlorinated water (1,000 #g chlorine/L) or chlora- 
minated water (2,000 #g chloramine/L) per day is 
33 or 66 #g/kg. 

The maximum solubility of sodium hypochlorite in 
water is 62.5 mg/mL (expressed as available atomic 
chlorine), and that of chloramine in water is 

1.4 mg/mL. Assuming a maximum oral gavage 
volume of 5 mL/kg for rats and 10 mL/kg for mice, 
the maximum single gavage dose of hypochlorite 
would be 312.5 mg/kg for rats and 625 mg/kg for 
mice; for chloramine, these doses would be 7 mg/kg 
for rats and 14 mg/kg for mice. Although a higher 
dose of hypochlorite could have been administered 
by gavage than was received by rats and mice in 
these drinking water studies, the dose of chloramine 
administered by gavage would have been less. 

Survival of rats and mice in these 2-year studies was 
similar among treated groups and their respective 
controls. Survival of all groups of male rats was 
less than 50% at the end of the studies, following a 
trend previously reported for all NTP studies (Rao 
et al., 1990). In an analysis of control groups from 
144 2-year carcinogenicity studies from 1971 to 1981, 
Rao et aL reported a statistically significant 
decreasing trend over time for survival of male rats. 
The decreased survival was associated with increased 
maximum mean body weight attained during the 
course of these studies. Factors considered to 
contribute to the decreasing survival included age- 
related degenerative change associated with the 
increased body weight, the prevalence of mono- 
nuclear cell leukemia which also increased over 
time, and the change in criteria for euthanasia of 
moribund animals. In the current studies, mono- 
nuclear cell leukemia, pituitary neoplasms, and 
nephropathy were considered the principal diseases 
contributing to the mortality of male rats. Although 
survival at 2 years was low in all groups of male 
rats, survival at week 93 was greater than or equal 
to 50% (Tables 2 and 6, Figures 3 and 5). Thus, 
the studies of chlorinated or chloraminated water in 
male rats were considered adequate for the assess- 
ment of carcinogenic activity. 

There were no treatment-related lesions in rats or 
mice at either the 14- or 15-week or at the 66-week 
interim evaluations. Other investigators also 
reported no treatment-related lesions in drinking 
water studies of chlorine, chloramine, or sodium 
hypochlorite. In a 13-week drinking water study of 
chlorine at doses of up to 250 ppm and chloramine 
at doses up to 200 ppm, Daniel et al. (1990) 
reported that there was no evidence of dose-related 
histopathological lesions in male or female Sprague- 
Dawley rats. Decreased body weight and decreased 
water consumption were seen in the high-dose 
chloramine groups. In the high-dose chlorine 
groups, the primary effect was a decrease in water 
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consumption without an accompanying decrease in 
body weight. Hasegawa et al. (1986) also reported 
no treatment-related neoplastic effects in male or 
female F344 rats given sodium hypochlorite in 
drinking water at concentrations up to 1,000 ppm in 
males and 2,000 ppm in females for 112 weeks. 

There were no neoplasms or nonneoplastic lesions 
in the rats or mice in these 2-year studies that were 
clearly attributable to the consumption of chlori- 
nated or chloraminated water. However, the inci- 
dence of mononuclear cell leukemia was marginally 
greater than that of controls in the mid- and 
high-dose groups of female rats consuming chlori- 
nated or chloraminated water. Mononuclear cell 
leukemia appears sporadically in control rats before 
19 months of age and the cumulative incidence 
increases sharply after 20 months (Stromberg and 
Vogtsberger, 1983). The neoplastic mononuclear 
cells have Fc receptors, natural killer cell activity, 
and the surface antigens thy 1.1, M1/70, OX-8, and 
Asialo GM 1. These cells seem to be morpho- 
logically, biochemically, and functionally similar to 
a population of cells in humans called large granular 
lymphocytes. Mononuclear cell leukemia of rats is 
generally thought to originate in the spleen, since 
splenomegaly, which is due to the diffuse accumu- 
lation of  neoplastic cells in the red pulp, is found in 
virtually all rats dying with leukemia. Moreover, the 
incidence of leukemia was shown to be reduced 
from 24% to 2% by splenectomizing rats at one to 
two months of age (Moloney and King, 1973). 
Once the disease is clinically apparent, the duration 
of illness averages about 5 weeks, and death seems 
to be most closely related to the onset of hemolytic 
anemia, which is thought to be immune-mediated. 

Several factors must be weighed to determine if 
there is an association between the consumption of 
either chlorinated or chloraminated water and the 
occurrence of mononuclear cell leukemia in female 
rats. Although the increase in leukemia incidence 
in mid- and high-dose female rats was slight, the 
incidence of leukemia was significantly greater than 
controls in mid-dose rats receiving chlorinated water 
(P=0.014) (Table 5) and in high-dose rats receiving 
chloramine (P=0.036) (Table 9). The trend test was 
also marginally significant for both groups, but there 
was no clear dose response, as the incidences of  
leukemia in the mid- and high-dose groups were 
similar. 

The first observation of  mononuclear  cell leukemia 
in female rats receiving chlorinated water occurred 
in the mid-dose group on day 329. In female rats 
receiving chloraminated water, the first observation 
also occurred in the mid-dose group, but on 
day 465. Nevertheless, the mean time to obser- 
vation for leukemia among early deaths was similar 
among control and dosed groups (controls, 601 days; 
chlorinated water: low-dose, 624 days; mid-dose, 
604 days; high-dose, 653 days; chloraminated water: 
low-dose, 663; mid-dose, 621; high-dose, 666). 
Therefore, there is no evidence of  a reduced latency 
in the occurrence of  leukemia in female rats 
consuming chlorinated or chloraminated water. 

Although the incidence of  leukemia was increeased in 
female rats consuming either chlorinated or 
chloraminated water, this apparent consistency of 
response may be misleading since these groups 
shared a common control group. Moreover, the 
incidence of  leukemia in the shared female control 
group (16%) was less than that in the untreated 
historical controls (25%). The marginal increase 
may be spurious and due not to the consumption of  
chlorinated or chloraminated water, but to the 
slightly lower than expected control incidence. 
Unlike untreated historical controls, the concurrent 
controls in these studies received buffered (pH 9), 
deionized water, forcing greater reliance on within- 
study comparisons. Untreated control rats from 
other NTP studies conducted at this and other 
laboratories generally received tap water from 
municipal water supplies that may have contained 
very small amounts of trihalomethanes or other 
organic compounds. However, none of the trihalo- 
methanes previously studied by the NTP were shown 
to affect the incidence of mononuclear cell 
leukemia. 

In summary, the overall evidence is only weakly 
supportive of  an association between the occurrence 
of mononuclear cell leukemia in female rats and the 
consumption of  either chlorinated or chloraminated 
water. The factors not supporting this association 
include: (1) the increase in leukemia in dosed 
female rats was slight and not clearly dose related, 
(2) there was no decrease in tumor latency, and (3) 
the incidence in concurrent controls was less than in 
historical controls. Nevertheless, because of the 
marginal statistical significance, the increased inci- 
dence of leukemia was considered equivocal evidence 
of  carcinogenic activity. 
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In a survey of the previous NCI/NTP technical 
reports, ten chemicals have shown equivocal to clear 
evidence of leukemia in female rats: 3,3'- 
dimethoxybenzidine-4,4'-diisocyanate (NCI, 197/8), 
butyl benzyl phthalate (NTP, 1982), diallylphthalate 
(NTP, 1985b), dimethyl morpholinophosphoramidate 
(NTP 1986a), tetrachloroethylene (NTP, 1986b), 
hydroquinone (NTP, 1989c), 3,3'-dimethylbenzidine 
dihydrochloride (NTP, 1991a), glycidol (NTP, 
1990b), Mirex (NTP, 1990a), and tris(2-chloroethyl) 
phosphate, (NTP, 1991b). There is no single 
structure or group that is common to all of these 
chemicals. 

In the NTP 2-year studies of mice, there were no 
increases in the incidence of neoplasms or 
nonneoplastic lesions that could be clearly attributed 
to the consumption of chlorinated or chloraminated 
water. In the original evaluation of kidneys from 
dosed mice, renal tubule cell neoplasms were 
observed in two high-dose males receiving 
chlorinated water (a carcinoma in one and an 
adenoma in the other) and in two high-dose males 
receiving chloraminated water (both adenomas); no 
renal neoplasms were observed in ccontrol male mice. 
Focal tubule cell hyperplasia also occurred in dosed 
mice, but not in controls. Although renal 
neoplasms are uncommon in mice, it was uncertain 
if the small number occurring in dosed male mice 
was caused by the consumption of treated water. 

The standard protocol for the examination of the 
kidneys requires the microscopic examination of any 
masses observed grossly at necropsy plus a single 
section from each kidney. With routine single 
sections, the number of tubule cell neoplasms 
observed is often so low that statistical analyses are 
not helpful in the evaluation, as in the current 
studies of chlorinated or chloraminated water. 
Moreover, preneoplastic lesions and small adenomas 
are usually not observed macroscopically at 
necropsy. Thus, multiple sections might be expected 
to increase the number of preneoplastic lesions or 

neoplasms observed and allow for a more rigorous 
statistical evaluation. 

The NTP (1989a) and other investigators (Kurokawa 
et aL, 1986) have found that multiple sectioning of  
the kidney may allow a more precise evaluation of 
potential chemical-induced renal tubule neoplasms 
than that possible with single sectioning. For this 
reason, the residual halves of the formalin-fLxed 
kidneys from male mice in these studies were step 
sectioned to provide an additional 4 to 6 tissue 
sections for microscopic examination. During this 
subsequent histopathologic examination, an addi- 
tional tubule cell carcinoma was found in a low-dose 
male receiving chlorinated water and an adcnoma 
was found in a low-dose male receiving 
chloraminated water. Focal hyperplasia was found 
in two controls and one or two males from several 
of the dosed groups. 

Although step sections of kidneys of male rats have 
been evaluated in several other NTP studies, this is 
the first in which step sections of the kidneys of 
mice have been evaluated. Step sections proved to 
be most helpful in the evaluation of the toxicology 
and carcinogenesis studies of nitrofurantoin in rats 
(NTP, 1989a), in which the number of renal tubule 
cell neoplasms observed was increased from 0/50 to 
3/50 in control males and 3/50 to 20/50 in high-dose 
males. Nearly all the additional neoplasms seen in 
the step sections were small (microscopic) adenomas 
believed to be the probable precursor of renal 
tubule carcinoma. In contrast to the nitrofurantoin 
studies, the step sections of kidneys of male mice 
consuming chlorinated or chloraminated water did 
not provide supportive evidence of a chemical effect. 
Since no additional renal neoplasms were found in 
the mid- or high-dose groups and since focal hyper- 
plasia, a potential preneoplastic lesion, was found at 
similar incidences in the control and dosed groups, 
the small number of renal tubule cell neoplasms in 
male mice were not considered related to the 
consumption of treated water. 
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C O N C L U S I O N S  

C h l o r i n a t e d  W a t e r  
Under  the conditions of  these 2-year drinking water 
studies, there was no evidence of  carcinogenic activity" 
of  chlorinated water  in male F344/N rats receiving 
70, 140, or  275 ppm. There  was equivocal evidence 
of carcinogenic activity of  chlorinated water in female 
F344/N rats based on an increase in the incidence of  
mononuclear  cell leukemia. There  was no evidence 
of carcinogenic activity of  chlorinated water in male 
or female B6C3F1 mice receiving 70, 140, or 
275 ppm. 

C h i o r a m i n a t e d  W a t e r  

Under  the conditions of  these 2-year drinking water 
studies, there was no evidence of  carcinogenic activity 
of  chloraminated water  in male FM4/N rats 
receiving 50, 100, or  200 ppm. There  was equivocal 
evidence of carcinogenic activity of  chloraminated 
water in female F344/N rats based on an increase 
in the incidence of  mononuclear  cell leukemia. 
There  was no evidence of carcinogenic activity of  
chloraminated water  in male or  female B6C3F1 mice 
receiving 50, 100, or  200 ppm. 

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 8. A summary of peer review comments and the public 
discussion on this Technical Report appears on page 10. 
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TABLE A1 
S u m m a r y  of the Incidence of  Neoplasms in Male Rats in the 2-Year 
C h l o r i n a t e d  W a t e r  Study 

0 ppm 70 ppm 140 ppm 275 ppm 

Disposition Summary 
Animals initially in study 
14-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 

Survivors 
Terminal sacrifice 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
9 9 10 9 

3 5 4 7 
34 40 30 27 

14 6 16 17 

51 51 50 51 

Alimentary System 
Intestine large, cecum 

Liposarcoma 
Intestine large, colon 
Intestine large, rectum 

Adenocarcinoma 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Adenocarcinoma 
Liver 

Cholangioma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Hepatocellular adenoma, two, multiple 
Histiocytic sarcoma 

Mesentery 
Osteosarcoma, metastatic, bone 
Sarcoma 

Pancreas 
Acinar cell, adenoma 
Acinar cell, adenoma, multiple 

Pharynx 
Palate, papilloma squamous 

Salivau,' glands 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 
Tongue 

Papilloma squamous 
Tooth 

Gingiva, squamous cell carcinoma 

(51) 

(51) 
(51) 

1 
(51) 
(51) 
(51) 

1 
(51) 

2 

(31) 
1 

(51) 
4 

(51) 
(51) 

(51) 

(2) 

(2%) 

(2%) 

(4%) 

(3%) 

(8%) 

(51) (50) 
1 

(51) (50) 
(51) (49) 

(50) (50) 
(50) (50) 
(5o) (50) 

(51) (50) 
1 

i (2%) 3 
1 (2%) 

1 
(25) 

(51) 
4 

(51) 
(51) 

(51) 
(I) 

(2%) 
I 
1 

(16) 

(50) 
(8%) 

1 

(5o) 
(50) 

2 
(50) 

(2%) 

(2%) 

(6%) 

(2%) 
(2%) 

(2%) 

(4%) 

(51) 

(51) 
(49) 

(51) 
(51) 
(51) 

(51) 

(2o) 

1 
(51) 

1 

(1) 
1 

(51) 
(51) 

(51) 
(I) 
I 

(I) 
1 

(2%) 
(4%) 

(5%) 

(2%) 

(10o%) 

(10o%) 

(loo%) 

Cardiovascular System 
Heart (51) (51) (50) (51) 
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TABLE A1 
Summary of the  Incidence of  Neop la sms  in Male Rats in the 2-Year 
Chlor ina ted  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Endocrine System 
Adrenal gland, cortex (51) (51) (49) (51) 

Histiocytic sarcoma 1 (2%) 
Osteosarcoma, metastatic, bone 1 (2%) 

Adrenal gland, medulla (51) (51) (49) (51) 
Pheochromocytoma malignant 2 (4%) 1 (2%) 1 (2%) 3 (6%) 
Pheochromocytoma complex 1 (2%) 
Pheochromocytoma benign 11 (22%) 13 (25%) 11 (22%) 13 (25%) 
Bilateral, pheochromocytoma malignant 2 (4%) 
Bilateral, pheochromocytoma benign 12 (24%) 10 (20%) 10 (20%) 7 (14%) 

Islets, pancreatic (51) (51) (50) (51) 
Adenoma 5 (10%) 7 (14%) 2 (4%) 6 (12%) 
Adenoma, multiple 1 (2%) 
Carcinoma 2 (4%) 

Pituitary gland (50) (50) (49) (51) 
Adenoma 1 (2%) 
Pars distalis, adenoma 20 (40%) 20 (40%) 20 (41%) 20 (39%) 

Thyroid gland (51) (50) (50) (51) 
Bilateral, C-cell, adenoma 1 (2%) 
C-cell, adenoma 6 (12%) 6 (12%) 4 (8%) 4 (8%) 
C-cell, carcinoma 1 (2%) 2 (4%) 1 (2%) 

General Body System 
Tissue NOS 

Carcinoma, metastatic, lung 
(2) (1) 

1 (100%) 

Genital System 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Osteosarcoma, metastatic, bone 
Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

(50) (51) (47) (51) 
3 (6%) 2 (4%) 1 (2%) 3 (6%) 
1 (2%) 3 (6%) 2 (4%) 2 (4%) 

(51) (51) (50) (51) 
(51) (51) (50) (51) 
(51) (51) (50) (51) 

1 (2%) 
26 (51%) 26 (51%) 30 (60%) 30 (59%) 
7 (14%) 15 (29%) 12 (24%) 8 (16%) 

Hematopoietic System 
Bone marrow 

Histioeytic sarcoma 
Lymph node 

Deep cervical, carcinoma, metastatic, 
thyroid gland 

Mediastinal, carcinoma, metastatic, lung 
Mediastinal, carcinoma, metastatic, 

thyroid gland 
Pancreatic, histiocytic sarcoma 

(51) (51) 
1 (2%) 

(51) (51) 

1 (2%) 

(5o) 
1 (2%) 

(5o) 

i (2%) 
i (2%) 

i (2%) 

(51) 

(51) 
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TAnLE A I  
S u m m a r y  of  t he  Inc idence  of  N e o p l a s m s  in M a l e  Ra t s  in the  2 .Year  
C h l o r i n a t e d  W a t e r  S tudy  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Hematopoietic System (continued) 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 
Osteosarcoma, metastatic, bone 

Thymus 
Thymoma malignant 

(51) (51) (49) (51) 
(51) (50) (49) (51) 
(51) (51) (50) (51) 

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

(46) (44) (42) (49) 
1 (2%) 

Integumentary System 
Mammary gland (48) (50) (49) (49) 

Adenoma 1 (2%) 
Fibroadenoma 2 (4%) 3 

Skin (51) (51) (50) (51) 
Basal cell carcinoma 1 (2%) 2 (4%) 1 
Keratoacanthoma 3 (6%) 3 (6%) 3 (6%) 3 
Keratoacanthoma, two, multiple 1 (2%) 
Papilloma squamous I (2%) 2 (4%) 2 (4%) 2 
Squamous cell carcinoma 1 (2%) 1 (2%) 2 
Trichoepithelioma 1 (2%) 
Subeutancous tissue, fibroma 3 (6%) 1 (2%) 3 
Subcutaneous tissue, fibrosarcoma 1 (2%) 
Subcutaneous tissue, hemangioma 1 
Subcutaneous tissue, lipoma I (2%) 1 
Subcutaneous tissue, sarcoma 1 

(6%) 

(2%) 
(6%) 

(4%) 
(4%) 

(6%) 

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

Musculoskeletal System 
Bone 

Osteosarcoma 
Skeletal muscle 

Carcinoma, metastatic, lung 
Histiocytic sarcoma 

(51) (51) (50) (51) 
1 (2%) 

(1) (3) 
1 (33%) 
1 (33%) 

Nervous System 
Brain 

Glioma benign 
Glioma malignant 
Meningioma NOS 

Spinal cord 

(51) (51) 

1 (2%) 1 (2%) 

(5o) (50) 
1 (2%) 

I (2%) 
(1) 
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TAnLE AI 
Summary of  the Incidence of  Neoplasms in Male Rats in the 2.Year 
Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Alvcolar/bronchiolar carcinoma 
Carcinoma 
Histiocytic sarcoma 
Osteosarcoma, metastatic, bone 
Thymoma malignant, metastatic, thymus 
Mediastinum, aiveolar/brronchiolar carcinoma, 

metastatic, lung 
Mediastinum, carcinoma, metastatic, lung 
Mediastinum, osteosarcoma, metastatic, bone 

Nose 

(51) (51) (50) (51) 
1 (2%) 4 (8%) 2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
(51) (51) (49) (51) 

Special Senses System 
Ear 

Schwannoma NOS 
Pinna, papilloma squamous 

Eye 
Lids, schwannoma NOS 

Zymbars gland 
Adcnoma 
Carcinoma 
Mixed tumor malignant 

(1) (2) 

2 (100%) 
(5) (3) (3) 

1 (33%) 
(1) O) 

1 (33%) 
1 (100%) 2 (67%) 

(1) 
1 (100%) 

(3) 
1 (33%) 
1 (33%) 
1 (33%) 

Urinary System 
Kidney 

Carcinoma, metastatic, lung 
Osteosarcoma, metastatic, bone 
Pelvis, transitional epithelium, carcinoma 
Renal tubule, adenoma 
Renal tubule, carcinoma 

Urinary bladder 

(51) 

1 

(51) 

(2%) 

(50) (50) 
1 (2%) 

1 (2%) 

1 (2%) 
(51) (50) 

(51) 

2 

(51) 

(4%) 

Systemic Lesions 
Multiple organs a 

Histiocytic sarcoma 
Leukemia mononuclear 
Mesothelioma malignant 

(51) 

25 
1 

(49%) 
(2%) 

(51) 
1 

25 
2 

(2%) 
(49%) 
(4%) 

(50) 
1 

27 
(2%) 
(54%) 

(51) 

29 (57%) 
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TABLE A I  

S u m m a r y  of  the  Inc idence  of  N e o p l a s m s  i n  Male  Rats i n  t h e  2.Year 
C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 p p m  

Tumor S u m m a r y  
Total animals with primary neoplasms b 

Total primary neoplasms 
Total animals with benign neoplasms 

Total benign neoplasms 
Total animals with malignant neoplasms 

Total malignant neoplasms 
Total animals with secondary neoplasms c 

Total secondary neoplasms 
Total animals with neoplasms uncertain- 

benign or malignant 
Total uncertain neoplasms 

50 50 50 51 
144 154 155 163 

47 48 48 49 
105 115 112 117 
31 37 35 38 
39 39 42 44 

1 1 3 
7 1 8 

1 2 
1 2 

a The number in parentheses is the number of animals with any tissue examined microscopically. 
b Primary tumors: all tumors except metastatic tumors 
c Secondary tumors: metastatic tumors or tumors invasive to an adjacent organ 
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TABLE A2 
Individual Animal Tumor  Pathology of  Male Rats in the 2-Year Chlorinated Water Study: 
0 ppm 

Number of  Days on Study 
3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  

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

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

C a r c a s s  I D  N u m b e r  

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

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

A l i m e n t a r y  S y s t e m  

E s o p h a g u s  

In te s t ine  l a rge  
In te s t ine  large ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  r e c t u m  

A d e n o c a r c i n o m a  
In tes t ine  smal l  
In te s t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  

A d e n o c a r c i n o m a  
L ive r  

H e p a t o c e l l u l a r  a d e n o m a  

M e s e n t e r y  
O s t e o s a r c o m a ,  me tas t a t i c ,  b o n e  

P a n c r e a s  
A c i n a r  cell,  a d e n o m a  

Sa l ivary  g l a n d s  
S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  
S t o m a c h ,  g l a n d u l a r  

T o o t h  

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

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

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

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

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

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

+ + + + + + + + + + + + + + + + + + + + + + + + . +  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + 

C a r d i o v a s c u l a r  System 
B l o o d  vessel  

H e a r t  

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

E n d o c r i n e  S y s t e m  

A d r e n a l  g l a n d  
A d r e n a l  g l and ,  c o r t e x  

O s t e o s a r c o m a ,  me ta s t a t i c ,  b o n e  
A d r e n a l  g land ,  m e d u l l a  

P h e o c h r o m o c y t o m a  m a l i g n a n t  

P h c o c h r o m o c y t o m a  b e n i g n  
Bi la te ra l ,  p h e o c h r o m o c y t o m a  

b e n i g n  
Islets,  p a n c r e a t i c  

A d e n o m a  
C a r c i n o m a  

P a r a t h y r o i d  g l a n d  
P i t u i t a r y  g l a n d  

P a r s  distalis,  a d e n o m a  
T h y r o i d  g l a n d  

C-cel l ,  a d e n o m a  
C-cel l ,  c a r c i n o m a  

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

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

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

X X 

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

X 

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

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

X X  X 
X 

+ :  T i s sue  e x a m i n e d  m i c r ~ o p i c a l l y  M: Miss ing  t i ssue  X:  L e s i o n  prresent 
A: Au to lys i s  p r e c l u d e s  e x a m i n a t i o n  I: Insuf f ic ien t  t i ssue  Blank:  N o t  e x a m i n e d  
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  Z - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

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

0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1  T o t a l  

5 3 2 9 3 2 1 3 3 9  I 2 2 3 1 1 4 4 5 9 0 0 1 3 3  T i s s u ~  

4 2 4 3 5 5 3 3 4 4 4 4 5 5 4 5 4 5 5 5 4 5 5 3 4  T u m o r  

A l i m e n t a r y  S y s t e m  

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 

Adenocarcinoma 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Adenocareinoma 
Liver 

Hepatocellular  adenoma 
Mesentery 

Osteosarcoma, metastatic, bone 
Pancreas 

Acinar  cell, adenoma 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tooth 

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

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

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

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

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

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

51 
51 
51 
51 
51 

1 
51 
51 
51 
51 
1 

51 
2 

31 
1 

51 
4 

51 
51 
51 
51 
2 

C a r d i o v a s c u l a r  S y s t e m  

Blood vessel 
Heart  

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

5 
51 

E n d o c r i n e  S y s t e m  

Adrenal  gland 
Adrenal gland, cortex 

Osteosarcoma, metastatic, bone 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Carcinoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-ceil, carcinoma 

% % % ÷ ÷ % % % ÷ ÷ ÷ % % % ÷ % % ÷ % % % • ÷ % % 

÷ % + % ÷ ÷ % ÷ ÷ % ÷ + % % ~ % % % % ÷ % % % ÷ % 

~ ÷ ÷ % ÷ % % % ÷ % ÷ % ÷ % ÷ @ ÷ ÷ • % ÷ % % ÷ % 

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 + + + ÷ + + ÷ ÷ ÷ + +  

XX X XX X X X 
% % % ÷ ÷ ~ ÷ % ÷ • ~ ÷ ÷ ÷ % ÷ % ÷ • • • ÷ % % ÷ 

X X X 

51 
51 

1 
51 
2 

11 

12 
51 
5 
2 

50 
50 
20 
51 
6 
1 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  

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

C a r c a s s  ID  N u m b e r  

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

G e n e r a l  Body  S y s t e m  
None 

G e n i t a l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Osteosarcoma, metastatic, bone 
Bilateral, interstitial cell, 

adenoma 
Interstitial cell, adenoma 

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

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

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

X 

X X X X X  X X 
X X X X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  

Lymph node, mesenteric 
Spleen 

Osteosarcoma, metastatic, bone 
Thymus 

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

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

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

I n t e g u m e n t a r y  S y s t e m  

Mamma W gland 
Adenoma 
Fibrroadenoma 

Skin 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 
Subcutaneous tissue, 

fibrosarcoma 
Subcutaneous tissue, i ipoma 

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

X 

X 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  Rats  in the  2-Year Chlor inated  Water  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  
6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
7 7 8 9 9 9 1 1 1 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3  
4 5 7 4 5 7 0 0 5 6 6 9 9 9 1 1 1 1 1 1 1 1 1 1 1  

C a r c a s s  I D  N u m b e r  

0 0 1 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1  
0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1  Tota l  

5 3 2 9 3 2 1 3 3 9 1 2 2 3 1 1 4 4 5 9 0 0 1 3 3  T i ~ u ~  
4 2 4 3 5 5 3 3 4 4 4 4 5 5 4 5 4 5 5 5 4 5 5 3 4  T u m o ~  

General Body Sys t em  
None 

Geni ta l  Sys t em  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Osteosarcoma, metastatic, bone 
Bilateral, interstitial cell, 

adenoma 
Interstitial cell, adenoma 

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

X X 

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

51 
50 
3 
1 

51 
51 
51 
1 

X X  X X X  X X X  X X  X X  X X X  X X X X  ~ 
X X X 7 

Hema topo i e t i c  Sys t em  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Osteosarcoma, metastatic, bone 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + ÷ + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

1 
+ + + M + + + + + M + + + + + + + + + + + + + + +  ~ 

I n t e g u m e n t a r y  Sys t em  
Mammary gland 

Adenoma 
Fibroadenoma 

Skin 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 
Subcutaneous tissue, 

fibrosarcoma 
Subcutaneous tissue, lipoma 

+ + M +  + + + + + + + + +  + + + + + M +  + + + + + 48 
1 

X X 2 
+ + + + + + + + + + + + + + + + + + + + + +  + + +  51 

X X X 3 
X 1 

1 

1 
X 1 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

Number of Days on Study 
3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  
1 6 4 5 6 1 1 3 3 4 6 7 7 9 9 9 0 0 1 1 2 3 5 5 6 7  
5 1 6 1 5 3 6 7 9 1 9 0 8 1 8 8 5 6 8 8 6 8 2 9 7 4  

C a r c a s s  ID  N u m b e r  

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

Muscu lo ske l e t a l  Sys t em  
Bone 

Osteosarcoma 

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

X 

N e r v o u s  S y s t e m  
Brain 

Glioma malignant 

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

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Osteosarcoma, metastatic, bone 
Mediastinum, osteosarcoma, 

metastatic, bone 
Nose 
Trachea 

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

X 
X 

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

Special  Sense s  Sys t em  
Ear 
Eye 
Zymbars gland 

Carcinoma 

+ 

X 

+ + + 

U r i n a r y  Sys t em  
Kidney 

Osteosarcoma, metastatic, bone 
Urethra 
Urinary bladder 

+ + ÷ + + + + + ÷ + + + + ÷ + + + + + + + + + + + + 

X 

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

Sys temic  Les i ons  
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

X X  X X X  X X X  X 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

Number of  Days on Study 
6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

0 0 1 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1  
0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1  ToM! 

5 3 2 9 3 2 1 3 3 9 1 2 2 3 1 1 4 4 5 9 0 0  I 3 3  T i s s u ~  
4 2 4 3 5 5 3 3 4 4 4 4 5 5 4 5 4 5 5 5 4 5 5 3 4  T u m o r  

Muscu loske l e t a l  Sys t em  
Bone 

Ostcosarcoma 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 

1 

Nervous System 
Brain 

Glioma malignant 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
X 1 

R e s p i r a t o r y  Sys tem 
Lung 

Alveolar/bronchiolar adenoma 
Ostcosarcoma, metastatic, bone 
Mediastinum, ostcosarcoma, 

metastatic, bone 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
1 
1 

1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 

Special  S e n s e s  Sys tem 
Ear 
Eye 
Zymbal's gland 

Carcinoma 

+ 
+ + 

U r i n a r y  S y s t e m  
Kidney 

Osteosarcoma, metastatic, bone 
Urethra 
Urinary bladder 

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

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

51 
1 
1 

51 

Sys temic  Les i ons  
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

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

X X X X  X X X X X X X X X X X X  
X 

51 
25 
1 
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T A B L E  A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o s y  o f  M a l e  R a t s  i n  the 2.Year C h l o r i n a t e d  W a t e r  Study: 
70 ppm 

N u m b e r  o f  D a y s  o n  S t u d y  

0 3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6  

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

C a r c a s s  I D  N u m b e r  

1 1 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1  
5 5 5 5 5 4 4 5 5 5 4 4 4 4 4 4 4 5 4 5 4 5 4 4 5 5  

3 7 1 4 3 4 7 1 2 5 3 7 4 7 5 3 4 3 7 1 7 3 5 5 3 5  
1 1 1 1 2 1 1 2 1 1 1 2 2 3 1 2 3 3 4 3 5 4 2 3 5 2  

A l i m e n t a r y  S y s t e m  
E s o p h a g u s  
In tes t ine  la rge  
In tes t ine  large,  c ecum 
In tes t ine  large,  co lon  
In tes t ine  large,  r e c tum 
In tes t ine  smal l  
In tes t ine  small ,  d u o d e n u m  
In tes t ine  small ,  i l eum 
In tes t ine  small ,  j e j u n u m  
Liver  

H e p a t o c e l l u l a r  a d e n o m a  
H e p a t o c e l l u l a r  adenoma,  

mul t ip l e  
His t iocyt ic  s a rcoma  

Mesen t e ry  
Pancreas  

A c i n a r  cell, a d e n o m a  

Salivary g lands  
S tomach  
Stomach,  fo rcs tomach  
Stomach,  g l andu la r  
T o n g u e  

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

+ A +  + + + + + + + + + + + + + + + + + + + + + + + 
+ A  + + + + + + + + + + + + + + + + + + + + + + + + 
+ A  + + + + + + + + + + + + + + + + + + + + + + + + 
+ A  + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X 

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

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

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

C a r d i o v a s c u l a r  S y s t e m  
Blood  vessel  

H e a r t  

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

E n d o c r i n e  S y s t e m  
Adrena l  g land  
Adrena l  gland,  cor tex  

His t iocy t ic  s a rcoma  
A d r e n a l  gland,  medu l l a  

P h c o c h r o m o c y t o m a  ma l ignan t  
P h e o c h r o m o c y t o m a  benign  
Bilateral ,  p h c o c h r o m o c y t o m a  

ma l ignan t  
Bi la tera l ,  p h e o c h r o m o c y t o m a  

ben ign  
Islets,  panc rea t i c  

A d e n o m a  
Para thyro id  g land  
Pi tu i ta ry  g land  

Pars  distalis ,  a d e n o m a  
Thyro id  g land  

Bilateral ,  C-cell ,  a d e n o m a  
C-ceil ,  a d e n o m a  

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

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

X X X X X X X  

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

X XXX 
+ + + + + + + M +  + + + + + + + + + + ~ +  + + + + + 
+ + + + + + + + + + + + + + + + + I  + + + + + + + + 

X X X X X X X X 
+ A +  + + + + + +  + + + + + + + +  + + + + + + + + + 

X 
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T h B L E  A 2  

Individual Animal T u m o r  P a t h o l o g y  of Male Rats i n  t h e  2 . Y e a r  C h l o r i n a t e d  Water Study: 
7 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  
6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  
5 5 6 6 6 7 7 7 7 7 8 9 1 1 1 1 1 2 2 2 2 2 2 3 3  
3 4 8 8 8 5 5 5 6 6 0 0 6 8 9 9 9 0 1 9 9 9 9 0 0  

C a r c a s s  ID  N u m b e r  

1 1 0 1 1 0 0 0 1 1 0 0 0 1 1 1 1 0 1 0 0 0 0 1 1  
5 5 4 5  5 4 4 4 5 5 4 4 4 5 5 5 5 4 5 4 4 4 4 5 5 T o ~ l  
4 1 3 4 5 4 6 6 2 2 5 6 5 1 4 5 5 6 2 3 3 4 6 2 4 T ~ u ~  
2 4 3 3 3 4 1  2 2 3 4 3 5 5 4 4 5 4 4 4 5 5 5 5 5 T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 

Hepatocellular adenoma 
Hepatocellular adenoma, 

multiple 
Histiocytic sarcoma 

Mesentery 
Pancreas 

Acinar cell, adenoma 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

+ + + + + +  + + +  + + + + + + +  + + +  + +  + + + + 51 
+ + + + + ~ + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + +  + 51 

1 

X 1 
1 

+ + + + +  + + +  + ++ + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
X X X X 4 

+ + + + + + + + + + + + + + + + + + + + + + +  ++ 51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ +  + + + + +  + + +  + + + + + + + +  + + + + + + + 51 

+ 1 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

+ 3 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Histiocylic sarcoma 
Adrenal  gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochrromocytoma 

malignant 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Bilateral, C-cell, adenoma 
C-cell, adenoma 

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

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

X 
X X  X X X X 

51 
51 
1 

51 
1 

13 

X X  X X X  X X  X X 10 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 

X X  X 7 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X X X  X X X X X  X X X  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

I 
X X X  X X X  6 

X X 2 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

Number of Days on Study 
0 3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6  

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

C a r c a s s  I D  N u m b e r  

1 1  i 1 1 0 0 1 1 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0  i 1 
5 5 5 5 5 4 4 5 5 5 4 4 4 4 4 4 4 5 4 5 4 5 4 4 5 5  

3 7 1 4 3 4 7 1 2 5 3 7 4 7 5 3 4 3 7 1 7 3 5 5 3 5  
1 1 1 1 2 1 1 2 1 1 1 2 2 3 1 2 3 3 4 3 5 4 2 3 5 2  

G e n e r a l  B o d y  Sys. tem 
Tissue NOS + + 

G e n i t a l  S y s t e m  

Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Te~te~ 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

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

X X 
X 

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

X X X X X X 
X X  X X X  X X X X  X X 

HematopoieUc S y s t e m  

Bone marrow 
Histiocytic sarcoma 

Lymph node 
Pancreatic, histiocytic 

sarcoma 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 
Thymus 

Thymoma malignant 

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

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

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

X 
+ + + + + + + + + + + + + ~ +  + + + + + + + + ~ +  + 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Basal cell carcinoma 
Keratoacanthoma 
Papilloma squamous 
Trichoepithelioma 
Subcutaneous tissue, fibroma 

+ + + + + + + + ~ +  + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X X 

X 
X 



L e s i o n s  in  M a l e  R a t s  85 

T A n L E  A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

Number of  Days on Study 
6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

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

5 5 4 5 5 4 4 4 5 5 4 4 4 5 5 5 5 4 5 4 4 4 4 5 5  T o t a l  

4 1 3  4 5  4 6 6  2 2 5  6 5 1  4 5  5 6 2 3 3 4 6 2 4  T i s s u ~  

2 4  3 3  3 4 1  2 2 3 4  3 5 5  4 4 5  4 4 4 5  5 5 5 5 T u m o ~  

G e n e r a l  Body  S y s t e m  
Tissue NOS 

G e n i t a l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

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  
X X  X X 

51 
51 
2 
3 

51 
51 
51 

26 
15 

H e m a t o p o ~ e t i c  S y s t e m  
Bone marrow 

Histiocyti¢ sarcoma 
Lymph node 

Pancreatic, histiocytic 
sarcoma 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 

Thymus 
Thymoma malignant 

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

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

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

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

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

51 
1 

51 

1 
51 
50 
51 

1 
44 
1 

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Skin 

Basal cell carcinoma 
Keratoacanthoma 
Papilloma squamous 
Trichoepithelioma 
Subcutaneous tissue, fibroma 

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

X 
X 

X X 

50 
51 

1 
3 

2 
1 
3 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Male  R a t s  i n  the 2-Year C h l o r i n a t e d  W a t e r  S t u d y :  

70 ppm (continued) 

N u m b e r  o f  Days  on  S tudy  
0 3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6  
5 0 8 3 9 9 0 0 2 2 4 4 6 8 9 9 9 9 1 1 1 1 2 2 3 3  
4 6 5 5 0 3 3 6 3 7 0 7 9 1 0 1 6 7 4 4 8 9 5 6 8 9  

Carcass ID Number 

1 1 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1  
5 5 5 5 5 4 4 5 5 5 4 4 4 4 4 4 4 5 4 5 4 5 4 4 5 5  

3 7 1 4 3 4 7 1 2 5 3 7 4 7 5 3 4 3 7 1 7 3 5 5 3 5  
1 1 1 1 2 1 1 2 1 1 1 2 2 3 1 2 3 3 4 3 5 4 2 3 5 2  

Musculoskeletal S y s t e m  
Bone 
Skeletal muscle 

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

N e r v o u s  Sys t em  
Brain 

Glioma malignant 

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

X 

R e s p i r a t o r y  Sys t em  
Lung 

Histiocytic sarcoma 
Thymoma malignant, metastatic, 

thymus 
Nose 
Trachea 

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

X 

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

Special  Sense s  Sys t em  
Eye 

U r i n a r y  S y s t e m  
Kidney 

Pelvis, transitional epithelium, 
carcinoma 

Renal tubule, carcinoma 
Urethra 
Urinary bladder 

+ A +  + + + +  + + + + + + + + +  + +  + + + + + + + + 

X 

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

Sys temic  Les i ons  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 
Mesothelioma malignant 

X 
X X X X  X X X X  X X X  X X  

X X 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

70  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  
6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  
5 5 6 6 6 7 7 7 7 7 8 9 1 1 1 1 1 2 2 2 2 2 2 3 3  
3 4 8 8 8 5 5 5 6 6 0 0 6 8 9 9 9 0 1 9 9 9 9 0 0  

C a r c a s s  ID  N u m b e r  

1 1 0 1 1 0 0 0 1 1 0 0 0 1 1 1 1 0 1 0 0 0 0 1 1  
5 5 4 5 5 4 4 4 5 5 4 4 4 5 5 5 5 4 5 4 4 4 4 5 5  T o ~ l  

4 1 3 4 5 4 6 6 2 2 5 6 5 1 4 5 5  6 2 3 3 4 6 2 4  T i ~ u ~  

2 4 3 3 3 4 1 2 2 3 4 3 5 5  4 4 5  4 4 4 5 5 5 5 5  T u m o ~  

Muscu loske le t a l  Sys t em  
Bone 
Skeletal muscle 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
1 

Ne rvous  Sys t em  
Brain 

Glioma malignant 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
1 

R e s p i r a t o r y  Sys t em  
Lung 

Histiocytic sarcoma 
Thymoma malignant, metastatic, 

thymus 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
1 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + +  + + + + + + + + + + + + + + + + + + + +  51 

Special  S e n s e s  Sys t em  
Eye + + + I 

U r i n a r y  Sys t em  
Kidney 

Pelvis, transitional epithelium, 
carcinoma 

Renal tubule, carcinoma 
Urethra 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 

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

1 
1 
1 

51 

Sys temic  Les i ons  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 
Mesothelioma malignant 

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

X X X  X X X X  X X X X X  

51 
1 

25 
2 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  Study: 
140 ppm 

N u m b e r  o f  D a y s  on  Study 
3 3 4 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

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

C a r c a s s  ID  N u m b e r  

1 1 0 0 1 0 1 1 0 0 1 1 1 1 1 0 0 0 1 0 1 0 1 0 0  
4 4 4 3 4 3 4 4 3 3 4 4 4 4 4 3 3 4 4 3 4 3 4 3 4  

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

Alimentary System 
Esophagus 
Intestine large 
Intestine large, cecum 

Liposarcoma 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Intestine small, je junum 
Liver 

Cholangioma 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, two, 

multiple 
Histiocytic sarcoma 

Mesente~y 
Pancreas 

Acinar  cell, adenoma, 
multiple 

Salivagy glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

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

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

X 
X 

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

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

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

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

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

E n d o c r i n e  S y s t e m  
Adrrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma complex 
Pheochrromocytoma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-cell, carcinoma 

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

X 

X X X X X 

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

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

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

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

X X 
X 
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TABLE A ~  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Male  Rats  in the 2-Year Chlor inated  Water  S t u d y :  

140 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

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

4 3 4 3 3 4 4 4 4 3 4 4 4 3 3 3 3 4 4 4 4 4 3 3 3  T o t a l  

7 6 7 6 7 5 6 7 7 9 5 5 6 6 6 7 8 8 8 8 0 0 9 9 9 T i ~ u ~  

2 2 3 3 4 2 4 4 5 2 3 4 5 4 5 5 5 3 4 5 4 5 3 4 5  T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 

Liposarcoma 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Cholangioma 
Hepatocellular  adenoma 
Hepatocellular  adenoma, two, 

multiple 
Histiocytic sarcoma 

Mesentery 
Pancreas 

Acinar  cell, adenoma, 
multiple 

Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + M + +  + + + +  + +  + + + + + + + + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
X X X 3 

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

1 
1 

16 
50 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 2 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

+ + + 5 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Endocrine S y s t e m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochrromecytoma malignant 
Pheochromocytoma complex 
Pheochromocytoma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-cell, carcinoma 

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

X 
X X X X  X X 

49 
49 
49 
1 
1 

I I  

X X X X X X X I O  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 2 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 

X X X X  X X X ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X 4 
X 2 
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TABLE A2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year Chlorinated Water Study: 
140 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

3 3 4 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

C a r c a s s  ID  N u m b e r  

1 1 0 0 1 0 1 1 0 0 1 1 1 1 1 0 0 0 1 0 1 0 1 0 0  
4 4 4 3 4 3 4 4 3 3 4 4 4 4 4 3 3 4 4 3 4 3 4 3 4  

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

G e n e r a l  B o d y  System 
Tissue NOS 

Carcinoma, metastatic, 
lung 

+ 

X 

G e n i t a l  S y s t e m  
Coagulating gland 
Ductus deferens 
Epididymis 
Penis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

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

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

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

X X X  X X X  X X  X X 
X X  X X X X  X X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 

Histiocytic sarcoma 
Lymph node 

Deep cervical, carcinoma, 
metastatic, thyroid gland 

Mediastinal, carcinoma, 
metastatic, lung 

Mediastinal, carcinoma, 
metastatic, thyroid gland 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 
Thymus 

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

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

X 

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

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

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

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Skin 

Basal cell carcinoma 

Keratoacanthoma 
Keratoacanthoma, two, 

multiple 
Papilloma squamous 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 

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

X 
X X 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

140  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  
6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

1 0 1 0 0 1 1 1 1 0 1 1 1 0 0 0 0 1 1 1 0 0 0 0 0  
4 3 4 3 3 4 4 4 4 3 4 4 4 3 3 3 3 4 4 4 4 4 3 3 3  T o n i  

7 6 7 6 7 5 6 7 7 9 5 5 6 6 6 7 8 8 8 8 0 0 9 9 9  T i s s u ~  

2 2 3 3 4 2 4 4 5 2 3 4 5 4 5 5 5 3 4 5 4 5 3 4 5  T u m o ~  

General  Body S y s t e m  
Tissue NOS 

Carcinoma, metastatic, 
lung 

Geni ta l  System 
Coagulating gland 
Ductus deferens 
Epididymis 
Penis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

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

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

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

1 
1 

50 
1 

47 
1 
2 

50 
50 
50 

X X  X X X X X X X X X  X X X X X X X X X  ~ 
X X  X X 12 

Hema topo i e t i c  Sys t em 
Bone marrow 

Histiocytic sarcoma 
Lymph node 

Deep cervical, carcinoma, 
metastatic, thyroid gland 

Modiastinal, carcinoma, 
metastatic, lung 

Mediastinal, carcinoma, 
metastatic, thyroid gland 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 

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

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

1 
49 
49 
50 

1 
42 

I n t e g u m e n t a r y  Sys t em  
Mammary gland 
Skin 

Basal cell carcinoma 
Keratoacanthoma 
Keratoacanthoma, two, 

multiple 
Papilloma squamous 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 

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

X 
X 

X 

X 
X 

X X 

49 
50 
2 
3 
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TABLE A2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year Chlorinated Water Study: 
I40 ppm (continued) 

N u m b e r  o f  Days  on  S tudy  
3 3 4 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
6 7 6 9 2 2 4 8 9 9 1 1 3 3 3 4 4 4 5 5 6 6 6 7 7  
5 2 6 8 4 9 0 3 0 1 4 4 8 9 9 1 5 5 3 6 0 8 9 3 5  

Carcass ID Number 

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

Muscu loske l e t a l  Sys t em  
Bone 
Skeletal muscle 

Carcinoma, metastatic, lung 
Histiocytic sarcoma 

+ + + + + + + + + + + + + + + + + + . 6 . 6 + + + + +  
+ + 

X 
X 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma 
Mediastinum, alveolar/- 

bronchiolar carcinoma, 
metastatic, lung 

Mediastinum, carcinoma, 
metastatic, lung 

Nose 
Trachea 

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

X 
X 

X 

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

Special  S e n s e s  S y s t e m  
Ear 

Pinna, papilloma squamous 
Eye 

Lids, schwannoma NOS 
Zymbal's gland 

Adenoma 
Carcinoma 

-6 
X 

÷ + 

X 
÷ + 

X X 

Ur ina ry  S y s t e m  
Kidney 

Carcinoma, metastatic, 
lung 

Urinary bladder 

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

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

Sys temic  Les i ons  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 

X 
X X X X X  X X  X X X X  X X  X X  X 
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TABLE A2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year Chlorinated Water Study: 
140 ppm (continued) 

N u m b e r  o f  D a y s  on  S tudy  
6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

1 0 1 0 0 1 1 1 1 0 1 1 1 0 0 0 0 1 1 1 0 0 0 0 0  
4 3 4 3 3 4 4 4 4 3 4 4 4 3 3 3 3 4 4 4 4 4 3 3 3 T o ~ !  

7 6 7 6 7 5  6 7 7 9 5 5  6 6 6 7 8 8 8 8 0 0 9 9 9  T ~ u ~  
2 2 3 3 4 2 4 4 5 2 3 4 5 4 5 5 5 3 4 5 4 5 3 4 5  T u m o ~  

Muscu loske le t a l  Sys t em  
Bone 
Skeletal muscle 

Carcinoma, metastatic, lung 
Histiocytic sarcoma 

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

50 
3 
1 
1 

N e r v o u s  Sys t em  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 
R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma X 
Alveolar/brronchiolar carcinoma 
Carcinoma 
Mediastinum, alveolar/- 

bronchiolar carcinoma, 
metastatic, lung 

Mediastinum, carcinoma, 
metastatic, lung 

Nose 
Trachea 

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

X X X 

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

50 
4 
1 
1 

1 
49 
50 

Special  S e n s e s  Sys tem 
Ear 

Pinna, papilloma squamous 
Eye 

Lids, schwannoma NOS 
Zymbal's gland 

Adenoma 
Carcinoma 

+ 

X 

+ 

+ 

X 

U r i n a r y  Sys t em  
Kidney 

Carcinoma, metastatic, 
lung 

Urinary bladder 

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

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

50 

1 
50 

Sys temic  Les io ns  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 

+ + + + + + + + + + + ÷ + + + + + + + + + + + + + 

X X  X X X  X X  X X X  X 

50 
1 

27 
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TABLE A 2  

Individual Animal Tumor P a t h o l o g y  o f  Male Rats in the 2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  ppm 

N u m b e r  o f  D a y s  on  S t u d y  

3 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

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

C a r c a s s  ID  N u m b e r  

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

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hepatocellular  carcinoma 
Hepatocei lular  adenoma 

Mesentery 
Sarcoma 

Pancreas 
Acinar  cell, adenoma 

Pharynx 
Palate, papilloma squamous 

Salivary g l a n ~  
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Tooth 

Gingiva, squamous cell 
carcinoma 

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

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

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

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

+ 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + ÷ + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

+ 

X 

C a r d i o v a s c u l a r  S y s t e m  

Blood vessel 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  

Adrenal gland 
Adrenal gland, cortex 
Adrenal  gland, medulla 

Pheochrromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochrromocytoma 

benign 
Islets, pancreatic 

Adcnoma 
Adenoma, multiple 

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

X 
X X X  X X X 

X 

X X X 
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T A B L E  A ~  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  ( c o n t i n u e d )  

N u m b e r  o f  D a y s  o n  S t u d y  
6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

8 9 9 9 9 0 1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3  
7 0 0 0 7 8 9 1 9 9 9 9 9 9 9 0 1 1 1 2 2 2 2 2 2  

C a r c a s s  I D  N u m b e r  

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

3 2 3 3 4 4 4 3 3 3 3 3 3 3 4 2 3 3 3 3 3 3 3 3 3  T o ~ !  

7 9 0 2 1 1 0 9 7 7 8 8 9 9 1 9 1 1 1 2 2 2 3 3 3  T ~ u ~  

2 3 5 2 5 3 5 3 3 5 4 5 4 5 4 5 3 4 5 3 4 5 3 4 5  T u m o r  

A l i m e n t a r y  S y s t e m  

E s o p h a g u s  

In tes t ine  l a rge  
In tes t ine  large ,  c e c u m  
In tes t ine  large ,  c o l o n  
In tes t ine  large ,  r e c t u m  
In tes t ine  smal l  
In tes t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  
L ive r  

H e p a t o c e l l u l a r  c a r c i n o m a  
H e p a t o c e l l u l a r  a d e n o m a  

M e s e n t e r y  
S a r c o m a  

P a n c r e a s  
A c i n a r  cell, a d e n o m a  

P h a r y n x  
Pa la te ,  p a p i l l o m a  s q u a m o u s  

Sa l ivary  g l ands  
S t o m a c h  
S t o m a c h ,  fo r res tomach  
S t o m a c h ,  g l a n d u l a r  
T o n g u e  

P a p i l l o m a  s q u a m o u s  
T o o t h  

Ging iva ,  s q u a m o u s  cell 
c a r c i n o m a  

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

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

X 
X X 

+ + + + + + + 

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

X 

+ + + + + + +  

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

+ 

X 

51 
51 
51 
51 
49 
51 
51 
51 
51 
51 
1 
2 
20 
1 
51 
1 
1 
1 
51 
51 
51 
51 
1 
1 
1 

C a r d i o v a s c u l a r  S y s t e m  
B l o o d  vessel  

H e a r t  

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

2 

51 

E n d o c r i n e  S y s t e m  

A d r e n a l  g l a n d  
A d r e n a l  g land ,  co r t ex  
A d r e n a l  g land ,  m e d u l l a  

P h e o c h r o m o c y t o m a  m a l i g n a n t  
P h e o c h r r o m o c y t o m a  b e n i g n  
Bi la te ra l ,  p h e o c h r o m o c y t o m a  

b e n i g n  
Islets, p a n c r e a t i c  

A d e n o m a  
A d e n o m a ,  mul t ip l e  

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

X X 
X X X X X X X  

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

X X X 

X 

51 
51 
51 
3 
13 

7 
51 
6 
1 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  Study: 
2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

3 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

C a r c a s s  I D  N u m b e r  

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

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

E n d o c r i n e  S y s t e m  (continued) 
Parathyroid gland 
Pituitary gland 

Adenoma 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma 

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

X 

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

X X 

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

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

X 
X 

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

X X  X X X  X X  X X  X X  X 
X X X  X X 

H e m a t o p o i e t i c  S y s t e m  

Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

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

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

Integumentary System 
Mammary gland 

Fibroadenoma 
Skin 

Basal cell carcinoma 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 

Subcutaneous tissue, fibroma 
Subcutaneous tissue, 

hemangioma 
Subcutaneous tissue, l ipoma 
Subcutaneous tissue, sarcoma 

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

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

X 
X X 

X X 

X 

X 
X 



L e s i o n s  in  M a l e  R a t s  9 7  

TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

8 9 9 9 9 0 1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3  
7 0 0 0 7 8 9 1 9 9 9 9 9 9 9 0 1 1 1 2 2 2 2 2 2  

C a r c a s s  ID  N u m b e r  

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

3 2 3 3 4 4 4 3 3 3 3 3 3 3 4 2 3 3 3 3 3 3 3 3 3  T o t a l  

7 9 0 2 1 1 0 9 7 7 8 8 9 9  I 9 1 1 1 2 2 2 3 3 3  T i s s u ~  

2 3 5 2 5 3 5 3 3 5 4 5 4 5 4 5 3 4 5 3 4 5 3 4 5  T u m o ~  

E n d o c r i n e  S y s t e m  (continued) 
Parathyroid gland 
Pituitary gland 

Adenoma 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma 

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

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

X X 
X 

50 
51 
1 

20 

51 
4 
1 

G e n e r a l  Body  S y s t e m  
None 

G e n i t a l  S y s t e m  

Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, 

adenoma 
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 X X 

51 
51 
3 
2 

51 
51 
51 

8 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

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

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

51 
51 
51 
51 
51 
49 

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Fibroadenoma 

Skin 
Basal cell carcinoma 
Keratoacanthoma 
Papilloma sqnamous 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, 

hemangloma 
Subcutaneous tissue, l ipoma 
Subcutaneous tissue, sarcoma 

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

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

X 

X 

X X 
X X 

49 
3 

51 
1 
3 
2 
2 
3 



98 C h l o r i n a t e d  a n d  C h i o r a m i n a t e d  W a t e r ,  N T P  T R  392 

TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Male  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

3 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

C a r c a s s  I D  N u m b e r  

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

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

M u s c u l o s k e l e t a i  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + + 

Nervous System 
Brain 

Glioma benign 
Meningioma NOS 

Spinal cord 

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

X 
+ 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adcnoma 
Nose 
Trachea 

+ + + + + + + + + ÷ + + + + + + ÷ + + + + + + ÷ + + 

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

÷ + 

X 
X 

+ 

S p e c i a l  S e n s e s  S y s t e m  

Ear  
Schwannoma NOS 

Zymbal 's  gland 
Adenoma 
Carcinoma 
Mixed tumor  malignant X 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + + 

Renal  tubule, adcnoma 
U r i n a ~ b l a d d c r  + + + + + + + + + + + + + + + + + + + + + + + + + + 

S y s t e m i c  L e s i o n s  
Mul t ip l co rgans  + + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear  X X X X X X X X X X X X X X X 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  
6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
8 9 9 9 9 0 1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3  
7 0 0 0 7 8 9 1 9 9 9 9 9 9 9 0 1 1 1 2 2 2 2 2 2  

C a r c a s s  ID N u m b e r  

1 0 0 0 1 1  1 1  1 1 1 1  1 1 1 0 0 0 0 0 0 0 0 0 0 
3 2 3 3 4 4 4 3 3 3 3 3 3 3 4 2 3 3 3 3 3 3 3 3 3 T o n i  
7 9 0 2 1 1  0 9 7 7 8 8 9 9 1  9 1 1  1 2 2 2 3 3 3 T i ~ u ~  
2 3 5 2 5 3 5 3 3 5 4 5 4 5 4 5 3 4 5 3 4 5 3 4 5 T u m o m  

M u s c u l o s k e l e t a l  S y s t e m  
Bone + + + + +  + + + +  + + + +  + + +  + + + + + + + + +  51 

N e r v o u s  S y s t e m  
Brain 

Glioma benign 
Meningioma NOS 

Spinal cord 

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

50 
1 
1 
1 

R e s p i r a t o r y  S y s t e m  
Lung 

Alvcolar/bronchiolar adenoma 
Nose 
Trachea 

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

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

51 
2 

51 
51 

Spec ia l  S e n s e s  S y s t e m  
Ear  

Schwannoma NOS 
Zymbal 's  gland 

Adenoma 
Carcinoma 
Mixed tumor  malignant 

+ 

X 

U r i n a r y  S y s t e m  
Kidney 

Renal  tubule, adenoma 
Urina W bladder 

+ +  + + + + +  + + +  + + + + + + + + + + + + +  + + 51 
X X 2 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Leukemia mononuclear  X X X X X X X X X X X X X X 29 
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TABLE A3 

Stat is t ical  Analysis  of  P r i m a r y  Neop lasms  in Male  Ra ts  in the 2-Year  

Ch lo r ina t ed  W a t e r  S tudy 

0 ppm 70 ppm 140 ppm 275 ppm 

Adrenal Medulla: Benign Pheochromocytoma 
Overall rates a 
Adjusted rates b 
Terminal rates c 
First incidence ~(days) 
Life table tests ~ 
Logistic regression tests d 
Cochran-Armita~e test d 
Fisher exact test" 

23/51 (45%) 23/51 (45%) 21/49 (43%) 20/51 (39%) 
84.2% 88.6% 69.9% 70.8% 
10/14 (71%) 4/6 (67%) 8/16 (50%) 10/17 (59%) 
541 523 614 522 
P=0.052N P=0.076 P=0.268N P=0.186N 
P=0.102N P=0.380 P=0.276N P=0.196N 
P=0.282N 

P=0.579N P=0.490N P=0.344N 

Adrenal Medulla: Malignant Pheochromocytoma 
Overall rates 2/51 (4%) 3/51 (6%) 1/49 (2%) 3/51 (6%) 
Adjusted rates 8.5% 28.7% 2.3% 13.8% 
Terminal rates 0/14 (0%) 1/6 (17%) 0/16 (0%) 1/17 (6%) 
First incidence (days) 675 676 540 652 
Life table tests P=0.579N P=0.309 P=0.485N P=0.542 
Logistic regression tests P=0.531 P=0.400 P=0.522N P=0.540 
Cochran-Armitage test P=0.476 
Fisher exact test P=0.500 P=0.515N P=0.500 

Adrenal Medulla: Pheochromocytoma (Benign, Complex, Malignant) 
Overall rates 25/51 (49%) 25/51 (49%) 23/49 (47%) 22/51 (43%) 
Adjusted rates 85.5% 94.7% 72.1% 76.4% 
Terminal rates 10/14 (71%) 5/6 (83%) 8/16 (50%) 11/17 (65%) 
First incidence (days) 541 523 540 522 
Life table tests P=0.049N P=0.063 P=0.270N P=0.188N 
Logistic regression tests P=0.090N P=0.361 P=0.279N P=0.177N 
Cochran-Armitage test P=0.284N 
Fisher exact test P=0.578N P=0.497N P=0.346N 

Liver:. Hepatocellular Adenoma 
Overall rates 2/51 (4%) 
Adjusted rates 11.2% 
Terminal rates 1/14 (7%) 
First incidence (days) 687 
Life table tests P=0.484N 
Logistic regression tests P=0.556N 
Cochran-Armitage test P=0.537 
Fisher exact test 

2/51 (4%) 4/50 (8%) 2/51 (4%) 
8.I% 19.0% 10.8% 
0/6 (0%) 2/16 (13%) 1/17 (6%) 
618 668 719 
P = 0.548 P =0.378 P = 0.634N 
P=0.654 P=0.378 P=0.664N 

P=0.691N P=0.329 P=0.691N 

Liver:. Hepatocellular Adenoma or Hepatocellular Carcinoma 
Overall rates 2/51 (4%) 2/51 (4%) 4/50 (8%) 3/51 (6%) 
Adjusted rates 11.2% 8.1% 19.0% 16.4% 
Terminal rates 1/14 (7%) 0/6 (0%) 2/16 (13%) 2/17 (12%) 
First incidence (days) 687 618 668 719 
Life table tests P=0.513 P=0.548 P=0.378 P=0.576 
Logistic regression tests P=0.436 P=0.654 P=0.378 P=0.543 
Cochran-Armitage test P=0.352 
Fisher exact test P=0.691N P=0.329 P=0.500 
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TABLE A 3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  i n  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Lung: Alveola r /bronchio la r  Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/51 (2%) 0/51 (0%) 4/50 (8%) 2/51 (4%) 
3.8% 0.0% 22.0% 7.8% 
0/14 (0%) 0/6 (0%) 3/16 (19%) 1/17 (6%) 
674 _e 676 520 
P=0.346 P=0.552N P=0.211 P=0.532 
P=0.273 Pf0.522N Pffi0.206 P=0.496 
P=0.231 

Pffi0.500N Pffi0.175 P=0.500 

Lung: Alveolar/bronchiolar Adenoma or Alveolar/bronchiolar Carcinoma 
Overall rates 1/51 (2%) 0/51 (0%) 6/50 (12%) 2/51 (4%) 
Adjusted rates 3.8% 0.0% 26.0% 7.8% 
Terminal rates 0/14 (0%) 0/6 (0%) 3/16 (19%) 1/17 (6%) 
First incidence (days) 674 - 365 520 
Life table tests P=0.325 P=0.552N P=0.078 P=0.532 
Logistic regression tests P=0.222 P=0.522N P=0.056 P=0.496 
Cochran-Armitage test P=0.219 
Fisher exact test P=0.500N P=0.053 P=0.500 

Mammary Gland: Fibroadenoma 
Overall rates 2/51 (4%) 
Adjusted rates 14.3% 
Terminal rates 2/14 (14%) 
First incidence (days) 729 (T) 
Life table tests P=0.381 
Logistic regression tests P=0.336 
Cochran-Armitage test P--0.250 
Fisher exact test 

o/51 (0%) 
o.o% 
0/6 (0%) 

P=0.437N 
P=0.437N 

Pf0.248N 

0/50 (0%) 
0.0% 
0/16 (0%) 

P=0.207N 
P=0.207N 

P=0.252N 

Mammary Gland: Adenoma or Fibroadenoma 
Overall rates 3/51 (6%) 
Adjusted rates 16.3% 
Terminal rates 2/14 (14%) 
First incidence (days) 541 
Life table tests P=0.583 
Logistic regression tests P=0.510 
Cochran-Armitage test P=0.451 
Fisher exact test 

o/51 (0%) 
0.0% 
0/6 (0%) 
-- 

P=0.233N 
P=0.134N 

P=0.121N 

0/50 (0%) 
0.0% 
0/16 (0%) 
- -  

P=0.105N 
P=0.116N 

P =0.125N 

Ora l  Cavity (Tongue,  Pharynx,  Tooth) :  Squamous  Papi l loma o r  Squamous Cell Carcinoma 
Overall rates 0/51 (0%) 0/51 (0%) 
Adjusted rates 0.0% 0.0% 
Terminal rates 0/14 (0%) 0/6 (0%) 
First incidence (days) - - 
Life ~able tests P=0.023 - - 
Logistic regression tests P=0.013 - - 
Cochran-Armitage test P=0.012 
Fisher exact test - - 

0/50 (0%) 
0.0% 
0/16 (0%) 
- -  

3/51 (6%) 
16.4% 
2/17 (12%) 
719 
P=0.588 
P=0.548 

P=0.500 

3/51 (6%) 
16.4% 
2/17 (12%) 
719 
P=0.S83N 
P=0.623N 

P=0.661N 

3/51 (6%) 
10.7% 
1/17 (6%) 
591 
Pffi0.156 
P=0.123 

P=O.121 
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TABLE A3 

Stat is t ical  Analysis  of  P r i m a r y  Neoplasms  in Male  Rats  in the  2-Year 

Ch lo r ina ted  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Pancreas: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

4/51 (8%) 4/51 (8%) 1/50 (2%) 1/51 (2%) 
25.6% 44.2% 6.3% 5.9% 
3/14 (21%) 2/6 (33%) 1/16 (6%) 1/17 (6%) 
710 668 729 (T) 729 CO 
P=O.033N P--0.262 P=0.137N P=0.132N 
P=0.043N P=0.418 P=0.142N P=0.144N 
P=0.076N 

Pancreatic Islets: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.642N P=0.187N P=0.181N 

Pancreatic Islets: Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

5/51 (10%) 7/51 (14%) 2/50 (4%) 7/51 (14%) 
23.4% 39.6% 7.9% 25.9% 
2/14 (14%) 1/6 (17%) 0/16 (0%) 1/17 (6%) 
605 569 614 645 
P=0.504N P=0.181 P=0.187N P=0.469 
P=0.493 P=0.319 P=0.195N P=0.431 
P=0.425 

Pituitary Gland (Pars Distalis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.380 P=0.2~N P=0.380 

7/51 (14%) 7/51 (14%) 2/50 (4%) 7/51 (14%) 
31.2% 39.6% 7.9% 25.9% 
2/14 (14%) 1/6 (17%) 0/16 (0%) 1/17 (6%) 
605 569 614 645 
P=0.305N P=0.330 P=0.071N P=0.521N 
P=0.402N P=0.537 P=0.066N P=0.553N 
P=0.479N 

P=0.613N P=0.085N P=0.613N 

20/50 (40%) 20/50 (40%) 20/49 (41%) 20151 (39%) 
58.7% 79.6% 54.3% 66.1% 
3/13 (23%) 3/6 (50%) 3/16 (19%) 8/17 (47%) 
451 385 540 591 
P = 0.208N P = 0.221 P = 0.402N P = 0.373N 
P = 0.409N P = 0.536 P =0.569 P = 0.476N 
P=0.508N 

Pituitary Gland (Pars Distalis or Unspecified Site): Adenoma 

P=0.581N P=0.548 P=0.549N 

Overall rates 20/50 (40%) 20/50 (40%) 20/49 (41%) 21/51 (41%) 
Adjusted rates 58.7% 79.6% 54.3% 66.8% 
Terminal rates 3/13 (23%) 3/6 (50%) 3/16 (19%) 8/17 (47%) 
First incidence (days) 451 385 540 533 
Life table tests P--0.261N P--0.221 P--0.402N P--0.437N 
Logistic regression tests P--0.503N P=0.536 P=0.569 P--0.568N 
Cochran-Armitage test P=0.482 
Fisher exact test P=0.581N P=0.548 P=0.533 
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TABLE A3 
S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  M a l e  R a t s  in  t h e  2 - Y c a r  

C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Preputial Gland: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/50 (6%) 2/51 (4%) 1/47 (2%) 3/51 (6%) 
14.5% 6.6% 4.0% 13.6% 
1/14 (7%) 0/6 (0%) 0/15 (0%) 2/17 (12%) 
465 614 676 520 
P =0.488N P=0.605N P =0.279N P =0.597N 
P=0.582 P=0.497N P=0.326N P=0.654N 
P=0.574 

Preputial Gland: Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.491N P=0.332N P=0.652N 

Preputial  Gland: Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/50 (2%) 3/51 (6%) 2/47 (4%) 2/51 (4%) 
2.3% 14.6% 5.4% 6.4% 
0/14 (0%) 0/6 (0%) 0/15 (0%) 0/17 (0%) 
537 639 639 600 
P=0.580 P=0.245 P=0.556 P=0.534 
P=0.497 P=0.306 P =0.455 P =0.474 
P=0.499 

Skin: Kera toacanthoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.316 P=0.477 P=0.508 

4/50 (8%) 5/51 (10%) 3/47 (6%) 5/51 (10%) 
16.4% 20.3% 9.2% 19.2% 
1/14 (7%) 0/6 (0%) 0/15 (0%) 2/17 (12%) 
465 614 639 520 
P=0.499N P =0.373 P =0.438N P =0.574 
P = 0.492 P =0.504 P = 0.549N P =0.495 
P=0.488 

P=0.513 P=0.535N P=0.513 

3/51 (6%) 3/51 (6%) 4/50 (8%) 3/51 (6%) 
15.6% 15.0% 13.6% 10.6% 
1/14 (7%) 0/6 (0%) 0/16 (0%) 0/'17 (0%) 
687 614 614 520 
P=0.469N P=0.485 P=0.543 P=0.614N 
P=0.561N P=0.607 P=0.527 P=0.640H 
P=0.553 

Skin: Squamous Papilloma or Squamous Cell Carcinoma 

P=0.661N P=0.489 P=0.661N 

Overall rates 2/51 (4%) 2/51 (4%) 3/50 (6%) 4/51 (8%) 
Adjusted rates 10.7% 5.1% 15.0% 23.5% 
Terminal rates 1/14 (7%) 0/6 (0%) 1/16 (6%) 4/17 (24%) 
First incidence (days) 674 435 711 729 (T) 
Life table tests P=0.357 P=0.593 P=0.567 P=0.411 
Logistic regression tests P=0.266 P=0.688N P=0.546 P=0.376 
Cochran-Armitage test P=0.215 
Fisher exact test P=0.691N P=0.491 P=0.339 
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TABLE A3 

Stat is t ical  Analysis  o f  P r i m a r y  Neoplasms  in Male  Ra ts  in the  2-Year 
Chlo r ina t ed  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Skin: Keratoacanthoma, Squamous Papilloma, Trichoepithelioma, Basal Cell Carcinoma or Squamous Cell 
Carcinoma 
Overall rates 5/51 (10%) 
Adjusted rates 25.1% 
Terminal rates 2/14 (14%) 
First incidence (days) 674 
Life table tests P--0.406 
Logistic regression tests P--0.256 
Cochran-Annitage test P =0.201 
Fisher exact test 

6/51 (12%) 9•50 (18%) 8/51 (16%) 
32.3% 32.2% 33.4% 
1/6 (17%) 1/16 (6%) 4/17 (2,4%) 
435 614 520 
P=0.259 P=0.284 P=0.371 
P=0.465 P=0.232 P=0.328 

P=0.500 Pffi0.183 P=0.277 

Skin (Subcutaneous Tissue): Fibroma 
Overall rates 0/51 (0%) 

• 

Adjusted rates 0.0% 
Terminal rates 0/14 (0%) 
First incidence (days) - 
Life table tests P=0.223 
Logistic regression tests P=0.161 
Cochran-Annitage test P=0.164 
Fisher exact test 

3/51 (6%) 1/50 (2%) 3/51 (6%) 
16.3% 4.3% 10.0% 
0/6 (0%) 0/16 (0%) 0/17 (0%) 
614 684 415 
P=0.093 P=0.500 P=0.133 
P=0.103 P--0.512 P=0.093 

P--0.121 P--0.495 P=0.121 

Skin (Subcutaneous Tissue): Fibroma or Fibrosarcoma 
Overall rates 1/51 (2%) 3/51 (6%) 1/50 (2%) 3/51 (6%) 
Adjusted rates 2.1% 16.3% 4.3% 10.0% 
Terminal rates 0/14 (0%) 0/6 (0%) 0/16 (0%) 0/17 (0%) 
First incidence (days) 465 614 684 415 
Life table tests P=0.384 P=0.261 P=0.758N P=0.325 
Logistic regression tests P=0.284 P=0.308 P=0.729 P=0.217 
Cochran-Armitage test P=0.312 
Fisher exact test Pffi0.309 P=0.748 P=0.309 

Skin (Subcutaneous Tissue): Fibroma, Fibrosarcoma, or Sarcoma 
Overall rates 1/51 (2%) 3/51 (6%) 1/50 (2%) 4/51 (8%) 
Adjusted rates 2.1% 16.3% 4.3% 12.0% 
Terminal rates 0/14 (0%) 0/6 (0%) 0/16 (0%) 0/17 (0%) 
First incidence (days) 465 614 684 415 
Life table tests P=0.224 P=0.261 P=0.758N P=0.202 
Logistic regression tests P=0.135 P=0.308 P=0.729 P=0.105 
Cochran-Armitage test P=0.164 
Fisher exact test P=0.309 P=0.748 P=0.181 

Testes: Adenoma 
Overall rates 33/51 (65%) 
Adjusted rates 96.7% 
Terminal rates 13/14 (93%) 
First incidence (days) 446 
Life table tests P=0.185N 
Logistic regression tests P=0.450 
Cochran-Armitage test P=0.223 
Fisher exact test 

41151 (~0%) 42/50 (~4%) ~/51 (75%) 
lOO.O% lOO.o% 92.1% 
6/6 (100%) 16/16 (100%) 14/17 (82%) 
435 466 415 
P=0.003 P =0.291 P =0.533 
P=0.013 P=0.043 P=0.308 

P=O.060 P~0.023 P~0.195 
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TABLE A3  
S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  M a l e  R a t s  in  t h e  2 - Y e a r  

C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Thyroid Gland (C-cell): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

6/51 (12%) 7/50 (14%) 4/50 (8%) 4/51 (8%) 
23.2% 51.9% 16.7% 16.5% 
1/14 (7%) 2/6 (33%) 1/16 (6%) 2/17 (12%) 
541 614 669 547 
P--0.134N Pffi0.264 P=0.320N P--0.310N 
P=0.186N P=0.436 P=0.364N P--0.364N 
P=0.227N 

P •0.485 P •0.383N Pffi0.370N 

Thyroid Gland (C-ceil): Adenoma or  Carcinoma 
Overall rates 7/51 (14%) 7/50 (14%) 6/50 (12%) 5/51 (10%) 
Adjusted rates 25.2% 51.9% 22.8% 22.1% 
Terminal rates 1/14 (7%) 2/6 (33%) 1/16 (6%) 3/17 (18%) 
First incidence (days) 541 614 645 547 
Life table tests P--0.167N P=0.365 P=0.421N P=0.307N 
Logistic regression tests P=0.239N P=0.558 P=0.497N P=0.370N 
Cochran-Armitage test Pffi0.291N 
Fisher exact test P=0.597 P=0.515N P=0.380N 

Upper Digestive Tract: Squamous Papilloma or Squamous Cell Carcinoma 
Overall rates 0/51 (0%) 0/51 (0%) 2/50 (4%) 3/51 (6%) 
Adjusted rates 0.0% 0.0% 8.6% 10.7% 
Terminal rates 0/14 (0%) 0/6 (0%) 1/16 (6%) 1/17 (6%) 
First incidence (days) - - 614 591 
Life table tests P=0.055 - P=0.276 P=0.156 
Logistic regression tests P=0.031 - Pffi0.244 Pffi0.123 
Cochran-Armitage test P=0.027 
Fisher exact test - P=0.243 P=0.121 

Zymbai 's  Gland: Adenoma or  Carcinoma 
Overall rates 1/51 (2%) 
Adjusted rates 2.2% 
Terminal rates 0/14 (0%) 
First incidence (days) 513 
Life table tests P=0.287 
Logistic regression tests P=0.191 
Cochran-Annitage test P=0.238 
Fisher exact test 

o/51 (0%) 
0.0% 
0/6 (0%) 
- -  

P--0.513N 
P=0.450N 

P=0.500N 

All Organs:  Mononuclear  Leukemia 
Overall rates 25/51 (49%) 
Adjusted rates 73.1% 
Terminal rates 6/14 (43%) 
First incidence (days) 315 
Life table tests P=0.426N 
Logistic regression tests P=0.207 
Cochran-Armitage test P=0.206 
Fisher exact test 

25/51 (49%) 
79.4% 
3/6 (50%) 
493 
P=0.168 
P=0.543 

P=0.578N 

3/5o (6%) 
9.7% 
o/16 (o%) 
614 
P=0.339 
P =0.276 

P=0.301 

27/50 (54%) 
68.8% 
6/16 (38%) 
372 
P=0.530N 
P=0.369 

P=0.382 

~51 0%) 
4.4% 
0/17 (0%) 
522 
P=0.521 
P=0.376 

P=0.500 

29/51 (57%) 
72.5% 
7/17 (41%) 
396 
P=0.492 
P--0.280 

P=0.276 
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TABLE A3 
Statistical Analysis of Primary Neoplasms in Male Rats in the 2.Year 
Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

All Organs :  Benign Tumors 
Overall rates 47/51 (92%) 48/51 (94%) 48150 (96%) 49/51 (96%) 
Adjusted rates 100.0% 100.0% 100.0% 100.0% 
Terminal rates 14/14 (100%) 6/6 (100%) 16/16 (100%) 17/17 (100%) 
First incidence (days) 446 385 466 415 
Life table tests P=0.110N P=0.041 P=0.344N P=0.358N 
Logistic regression tests P=0.598 P=0.309 P=0.507 P=0.623 
Cochran-Armitage test P =0.247 
Fisher exact test P=0.500 P=0.348 P=0.339 

All Organs: Malignant T u m o r s  
Overall rates 31/51 (61%) 37/51 (73%) 35/50 (70%) 38151 (75%) 
Adjusted rates 79.7% 92.5% 75.5% 83.7% 
Terminal rates 7/14 (50%) 4/6 (67%) 6/16 (38%) 10/17 (59%) 
First incidence (days) 315 306 365 396 
Life table tests P=0.4111q P=0.030 P=0.507 P=0.384 
Logistic regression tests P=0.088 P=0.141 P=0.170 P=0.090 
Cochran-Armitage test P=0.119 
Fisher exact test P=0.147 P=0.223 P=0.102 

All Organs: Benign and Malignant Tumors 
Overall rates 50151 (98%) 50/51 (98%) 50/50 (100%) 51/51 (100%) 
Adjusted rates 100.0% 100.0% 100.0% 100.0% 
Terminal rates 14/14 (100%) 6/6 (100%) 16/16 (100%) 17/17 (100%) 
First incidence (days) 315 306 365 396 
Life table tests P=0.096N P--0.057 P=0.306N P=0.313N 
Logistic regression tests P=0.370 P--0.563 P=0.555 P=0.583 
Cochran-Atmitage test P =0.232 
Fisher exact test P=0.752N P=0.505 P=0.500 

iT)Terminal sacrifice 
Number of tumor-bearing animals/number of animals examined. Denominator is number of animals examined microscopically 
for adrenal gland, bone marrow, brain, clitoral gland, epididymis, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, 
ovary, pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, 
and urinary bladder; for other tissues, denominator is number of animals necropsied. 

b Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercu~ent mortality 
c Observed incidence at terminal kill 
d Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dose grroup columns are the P values 

corresponding to pairwise comparisons between the controls and that dose group. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these 
lesions as nonfatal. The Cochran-Armitage and Fisher Exact tests compare directly the overall incidence rates. For all tests, a 
negative trend or a lower incidence in a dose group is indicated by N. 

e Not applicable; no tumors in animal group 
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TABLE A4a 
His tor ica l  Inc idence  of  Rena l  Tubu le  Neoplasms  in Un t r ea t ed  Male  F344/N Rats  a 

Incidence in Controls 
Study Adenoma Carcinoma Adenoma, Carcinoma, 

or Adenocarcinoma 

Historical Incidence at Southern Research Institute 

Feed 
Nitrofurantoin 0/50 (0%) 0/50 (0%) 0/50 (0%) 
Rhodamine 6G 0/50 (0%) 0/50 (0%) 0/50 (0%) 
Roxarsone 1/50 (2%) 1/50 (2%) 2/50 (4%) 

Total 1/150 (1%) 1/150 (1%) 2/150 (1%) 
Standard deviation 1.2% 1.2% 2.3% 
Range 0%-2% 0%-2% 0%-4% 

Water 
Chloramine 0/51 (0%) 0/51 (0%) 0/51 (0%) 

Overall Historical Incidence 

Feed 

Total 
Standard deviation 
Range 

Water 

Total 

4/499 (1%) 2/499 (0.4%) 8/499 (2%) 
1.9% 0.8% 2.3% 

0%-6% 0%-2% 0%-6% 

o/1so (0%) o/1~o (0%) o/1so (0%) 

a Data as of 15 September 1990 
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TABLE A4b 
Historical Incidence of Neoplasms of the Oral Cavity In Untreated Male F344/N Rats a 

Incidence in Controls 
Papilloma or Squamous Cell Papilloma, 

Study Squamous Cell Papilloma Carcinoma Squamous Cell Papilloma 
or  Carcinoma 

Historical Incidence at  Southern Research Institute 

Feed 
Nitrofurantoin 0/50 (0%) 0/50 (0%) 0/50 (0%) 
Rhodamine 6(3 0•50 (0%) 0/50 (0%) 0/50 (0%) 
Roxarsone 2/50 (4%) 0/50 (0%) 2/50 (4%) 

Total 2/150 (1%) 
Standard deviation 2.3% 
Range 0%-4% 

Water  
Chloramine 0/51 (0%) 

on5o (0%) 2/15o (1%) 
2.3% 
0%-4% 

0/51 (0%) 0/51 (0%) 

Overall Historical Incidence 

Feed 

Total 
Standard deviation 
Range 

Water  

Total 

41500 (1%) 
1.7% 

0%-4% 

0/500 (0%) 4/500 (1%) 
1.7% 

0%-4% 

0/181 (0%) 0/!_81 (0%) 0/181 (0%) 

a Data as of 15 September 1990; includes tongue, phawnx (palate), tooth (gingiva), and lip. 
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TABLE A5 
Summary of  the  Inc idence  of  Nonneop la s t i c  Les ions  in M a l e  Ra t s  in  t he  2-Year  
C h l o r i n a t e d  W a t e r  S tudy  

0 ppm 70 ppm 140 ppm 275 ppm 

Disposition Summary 
Animals initially in study 70 70 70 70 
14-week interim evaluation 10 10 10 I0 
66-week interim evaluation 9 9 10 9 
Early deaths 

Natural death 3 5 4 7 
Moribund 34 40 30 27 

Survivors 
Terminal sacrifice 14 6 16 17 

Animals examined microscopically 51 51 50 51 

Alimentary System 
Esophagus (51) (51) (50) (51) 

Inflammation, chronic 1 (2%) 
Intestine large, cecum (51) (51) (50) (51) 

Edema 1 (2%) 1 (2%) 
Hemorrhage I (2%) 
Inflammation, chronic 1 (2%) 1 (2%) 

Intestine large, colon (51) (51) (50) (51) 
Mineralization 1 (2%) 
Parasite metazoan 1 (2%) 3 (6%) 3 (6%) 5 
Muscularis, degeneration 1 (2%) 

Intestine large, rectum (51) (51) (49) (49) 
Mineralization 1 (2%) 
Parasite metazoan 5 (10%) 7 (14%) 7 (14%) 8 
Muscularis, degeneration 1 (2%) 

Intestine small, duodenum (51) (50) (50) (51) 
Mineralization 1 (2%) 
Muscularis, degeneration 1 (2%) 

Intestine small, jejunum (51) (50) (50) (51) 
Metaplasia, osseous 1 (2%) 

Liver (51) (51) (50) (51) 
Angiectasls 8 (16%) 4 (8%) 5 (10%) 8 
Atrophy, focal 1 (2%) 
Basophilic focus 1 (2%) 
Congestion 1 (2%) 2 (4%) 2 (4%) 1 
Degeneration, cystic 10 (20%) 11 (22%) 9 (18%) 7 
Fatty change 14 (27%) 16 (31%) 13 (26%) 8 
Fibrosis, focal I (2%) 
Focal cellular change 11 (22%) 6 (12%) 19 (38%) 17 
Hematopoietic cell proliferation I (2%) 
Hemorrhage 3 (6%) I (2%) 
Hepatodiaphragmatic nodule 5 (I0%) 5 (10%) 4 (8%) 3 
Hyperplasia 1 (2%) 
Hyperplasia, muitifocal 15 (29%) 13 (25%) 20 (40%) 18 
Hypertrophy, focal 1 (2%) 
Infiltration cellular, mixed cell 7 (14%) 10 (20%) 11 (22%) 8 
Inflammation, focal 18 (35%) 20 (39%) 23 (46%) 21 
Mineralization 1 (2%) 

(10%) 

(16%) 

(16%) 

(2%) 
(14%) 
(16%) 

(33%) 

(6%) 

(35%) 

(16%) 
(41%) 
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TABLE A5 
Summary of  the Incidence of  Nonneoplast ic  Lesions in Male Rats in the 2-Year 
Chlorinated Water  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Alimentary System 
Liver (continued) 

Necrosis, focal 2 (4%) 1 (2%) 
Thrombus 1 (2%) 
Bile duct, cyst 
Bile duct, hyperplasia 48 (94%) 49 (96%) 
Biliary tract, fibrosis 42 (82%) 43 (84%) 
Centrilobular, atrophy 14 (27%) 19 (37%) 
Centrilobular, necrosis 2 (4%) 

Mesente~y (31) (25) 
Angiectasis 
Fibrosis 
Hemorrhage 1 (3%) 1 (4%) 
Inflammation, chronic 7 (23%) 8 (32%) 
Fat, necrosis 11 (35%) 8 (32%) 

Pancreas (51) (51) 
Atrophy, focal 13 (25%) 16 (31%) 
Cytoplasmic alteration 1 (2%) 
Edema 1 (2%) 
Acinar cell, hyperplasia 3 (6%) 
Duct, dilatation 

Salivary glands (51) (51) 
Inflammation, chronic 1 (2%) 

Stomach, forestomach (51) (51) 
Edema 1 (2%) 
Inflammation, chronic 7 (14%) 11 (22%) 
Mineralization 1 (2%) 
Perforation 2 (4%) 
Ulcer 6 (12%) 11 (22%) 
Mucosa, hyperplasia, papillary 6 (12%) 14 (27%) 
Muscularis, degeneration 

Stomach, glandular (51) (51) 
Edema 1 (2%) 
Erosion 3 (6%) 1 (2%) 
Infiltration cellular, lymphocytic 1 (2%) 
Inflammation, chronic 8 (16%) 3 (6%) 
Mineralization 1 (2%) 4 (8%) 
Pigmentation, focal 2 (4%) 
Ulcer 1 (2%) 
Mucosa, degeneration 3 (6%) 
Mucosa, hyperplasia 1 (2%) 5 00%) 
Muscularis, degeneration 

Tongue (1) 
Epithelium, developmental malformation 1 (100%) 

Tooth (2) 
Epithelium alveolus, cyst 1 (50%) 

1 (2%) 3 (6%) 

1 (2%) 
50 000%) 49 (96%) 
45 (90%) 43 (84%) 
20 (40%) 12 (24%) 
1 (2%) 

(16) (20) 
1 (5%) 
1 (5%) 

1 (6%) 3 (15%) 
4 (25%) 4 (20%) 
6 • (3S%) 6 (30%) 

(50) (51) 
17 (34%) 11 (22%) 

1 (2%) 
1 (2%) 

2 (4%) 
(50) (51) 

(50) (51) 
1 (2%) 
5 (10%) 3 (6%) 
1 (2%) 

3 (6%) 3 (6%) 
6 (12%) 5 (10%) 
I (2%) 

(50) (51) 
1 (2%) 

2 (4%) 

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

1 (2%) 

I (2%) 
O) 

(1) 
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TABLE A~ 
S u m m a r y  o f  the Incidence o f  Nonneoplas t ic  Lesions in Male Rats  in the  2-Year 
Chlor ina ted  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Cardiovascular System 
Blood vessel (5) 

Aorta, degeneration 
Aorta, mineralization I (20%) 
Mesenteric artery, degeneration 
Mexenteric artery, inflammation, chronic 4 (80%) 
Mesenteric artery, mineralization 1 (20%) 
Thoracic, inflammation, chronic 

Heart (51) 
Degeneration 
Mineralization 
Thrombus 

(3) (5) 
1 (2o%) 

2 (67%) I (2o%) 
I (2o%) 

3 (lOOn) 4 (so%) 
1 (20%) 

(51) (50) 
1 (2%) 

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

2 (100%) 

1 (50%) 
(51) 

Endocrine System 
Adrenal gland, cortex (51) (51) (49) 

Accessory adrenal cortical nodule 
Atrophy 1 (2%) 
Cyst 1 (2%) 
Focal cellular change 13 (25%) 7 (14%) 14 (29%) 
Hemorrhage 1 (2%) 
Necrosis 1 (2%) 
Vacuolization cytoplasmic 1 (2%) 

Adrenal gland, medulla (51) (51) (49) 
Angiectasis I (2%) 
Atrophy 1 (2%) 
Hemorrhage 1 (2%) 
Hyperplasia 10 (20%) 15 (29%) 13 (27%) 
Necrosis 1 (2%) 

Parathyroid gland (50) (49) (50) 
Hyperplasia 4 (8%) 7 (14%) 5 (10%) 

Pituitary gland (50) (50) (49) 
Anglectasis 17 (34%) 15 (30%) 15 (31%) 
Cyst 2 (4%) 3 (6%) 3 (6%) 
Hemorrhage 2 (4%) 2 (4%) 
Hyperplasia, tubular 1 (2%) 1 (2%) 
Necrosis 1 (2%) 
Pigmentation 1 (2%) 
Pars distalis, focal cellular change 1 (2%) 1 (2%) 
Pars distalis, hyperplasia, focal 8 (16%) 8 (16%) 6 (12%) 

Thyroid gland (51) (5O) (5O) 
Degeneration, cystic 6 (12%) 8 (16%) 9 (18%) 
Pigmentation 1 (2%) 
Ultimobranchial cyst 1 (2%) 
C-cell, hyperplasia 5 (10%) 1 (2%) 3 (6%) 
Follicle, cyst 1 (2%) 2 (4%) 2 (4%) 
Follicular cell, hyperplasia 1 (2%) 2 (4%) 2 (4%) 

(51) 
2 

9 

(51) 

9 

(50) 
2 

(51) 
20 

1 

8 
(51) 

9 

1 
5 
3 
4 

(4%) 

(18%) 

(18%) 

(4%) 

(39%) 
(2%) 

(16%) 

(18%) 

(2%) 
(10%) 
(6%) 
(8%) 

General Body System 
None 
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TABLE A5 
S u m m a r y  of  the  Incidence  o f  Nonneoplas t ic  Lesions in Male Rats  In the 2-Year 
Chlor ina ted  W a t e r  S tudy (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Genital System 
Ductus deferens 

Degeneration 
Mineralization 

Epididymis (51) 
Hemorrhage 
Inflammation, chronic 
Necrosis, focal 
Spermatocele 

Penis 
Inflammation, chronic 

Preputial gland (50) 
Degeneration, cystic 3 
Ectopic tissue 
Fibrosis 1 
Hyperplasia 
Inflammation, suppurative 20 

Prostate (51) 
Edema 
Hyperplasia, focal 
Inflammation, suppurative 28 

Seminal vesicle (51) 
Degeneration 
Dilatation 
Inflammation, chronic 1 
Mineralization 

Testes (51) 
Fibrosis 1 
Hemorrhage 
Hyperplasia 
Mineralization 
Artery, inflammation, chronic 
Germinal epithelium, degeneration 15 
Interstitial cell, hyperplasia 13 

(6%) 

(2%) 

(4o%) 

(55%) 

(2%) 

(2%) 

(29%) 
(~%) 

(51) 
1 (2%) 
1 (2%) 
1 (2%) 

(51) 

1 (2%) 
17 (33%) 

(51) 

1 (2%) 
36 (71%) 

(51) 

(51) 

1 (2%) 

1 (2%) 
4 (8%) 
7 (14%) 
7 (14%) 

(1) 
1 (Ioo%) 
1 (lOO%) 

(50) 

(1) 
1 

(47) 
3 

(50) 

3 
36 

(50) 
1 
1 
1 
1 

(50) 

1 
8 
7 

(100%) 

(6%) 

(60%) 

(6%) 
(72%) 

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

(2%) 
(16%) 
(14%) 

(51) 

1 (2%) 

(51) 
4 (8%) 
1 (2%) 

1 (2%) 
22 (43%) 

(51) 
1 (2%) 
2 (4%) 

3s (75%) 
(51) 

(51) 

i (2%) 

lO (20%) 
16 (31%) 

Hematopoietic System 
Bone marrow (51) 

Angiectasis 
Hypercellularity 
Hyperplasia 
Myelofibrosis 4 

Lymph node (51) 
Deep cervical, hyperplasia 
Inguinal, hyperplasia 
Mediastinal, angiectasis 6 
Mediastinal, hyperplasia 1 
Mediastinal, hyperplasia, lymphoid 
Pancreatic, angiectasis 
Pancreatic, hyperplasia 2 
Renal, angiectasis 1 
Renal, hyperplasia 

(8%) 

(12%) 
(2%) 

(4%) 
(2%) 

(51) 

4 
I 
5 

(51) 

1 
6 

I 

1 
1 

(8%) 
(2%) 
(lO%) 

(2%) 
(12%) 

(2%) 

(2%) 
(2%) 

(50) 

3 
(50) 

1 

1 

(6%) 

(2%) 

(2%) 

(51) 
1 (2%) 

3 (6%) 
(51) 

1 (2%) 

6 (12%) 

1 (2%) 

2 (4%) 
1 (2%) 
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TAnLE A$ 
S u m m a r y  of  the  Incidence of  Nonneoplas t ic  Les ions  in Male  Ra t s  in the  2-Year  
Ch lo r ina ted  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Hematopoietic System (continued) 
Lymph node, mandibular (51) 

Angiectasis 3 
Hyperplasia 4 
Hyperplasia, lymphoid 

Lymph node, mesenteric (51) 
Angiectasis 1 
Cyst I 
Hyperplasia 
Hyperplasia, lymphoid 

Spleen (51) 
Depletion 
Fibrosis 6 
Hematopoietic cell proliferation 3 
Hyperplasia, histiocyte, lymphoid 
Necrosis, focal 2 
Pigmentation 
Artery, degeneration 
Artery, mineralization 
Capsule, inflammation, chronic 

Thymus (46) 
Angiectasis 1 
Cyst 
Hyperplasia, lymphoid 

(51) 
(6%) 3 (6%) 
(8%) 7 (14%) 

2 (4%) 
(50) 

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

2 (4%) 
1 (2%) 

(51) 

(12%) 8 (16%) 
(6%) 7 (14%) 

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

1 (2%) 

(2%) 

1 (2%) 
(44) 

2 (5%) 

(49) (51) 
2 (4%) 2 
2 (4%) 6 
1 (2%) 

(49) (51) 
2 (4%) 3 

(50) 
1 (2%) 
5 (10%) 
4 (8%) 

i (2%) 

i (2%) 
I (2%) 

(42) 

(51) 

9 
5 

(49) 

1 

(4%) 
(12%) 

(6%) 

(lS%) 
(10%) 

(2%) 

Integumentary System 
Mammary gland 

Dilatation 
Hemorrhage 
Hyperplasia 

Skin 
Abscess 
Cyst epithelial inclusion 
Fibrosis 
Hyperkerato~is 
Hyperplasia, squamous 
Inflammation, chronic 
Artery, subcutaneous tissue, 

inflammation, chronic 
Epidermis, hyperplasia 
Sebaceous gland, hyperplasia 
Subcutaneous tissue, absce~,s 
Subcutaneous tissue, cyst 
Subcutaneous tissue, fibrosis 
Subcutaneous tissue, hemorrhage 
Subcutaneous tissue, inflammation, chronic 
Subcutaneous tissue, fat, necrosis 

(48) (50) (49) 
16 (33%) 13 (26%) 12 

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

(51) (51) (50) 
1 (2%) 
I (2%) 1 (2%) 1 

1 
1 
1 

1 (2%) 1 (2%) 2 

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

(24%) 

(4%) 

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

(2%) 

(2%) 
(2%) 

(2%) 
(2%) 

(49) 
17 (35%) 

1 (2%) 
(51) 

2 (4%) 

2 (4%) 

1 (2%) 

1 (2%) 
1 (2%) 
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TABLE A5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year 
Chlorinated Water  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Musculoskeletai System 
Bone 

Atrophy 
Developmental malformation 
Fracture healed 
Hypermtosis 
Cartilage, hyperplasia 

Skeletal muscle 
Degeneration 
Diaphragm, mineralization 

(51) (51) (50) (51) 
1 (2%) 

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

(1) 

1 (2%) 

(3) 
1 (33%) 
1 (33%) 

3 (6%) 

Nervous System 
Brain 

Compression 
Hemorrhage 

Spinal cord 
Hemorrhage 

(51) 
11 (22%) 
5 (1o%) 

(51) 
8 (16%) 
2 (4%) 

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

(5o) 
10 (20%) 
3 (6%) 

(1) 
1 (100%) 

Respiratory System 
Lung 

Congestion 
Fibrmis, focal 
Hemorrhage 
Hyperplasia, macrophage 
Infiltration cellular, mixed cell 
Inflammation, acute 
Inflammation, chronic 
Inflammation, granulomatous 
Necrosis, focal 
Alveolar epithelium, degeneration 
Alveolar epithelium, hyperplasia 
Artery, mineralization 
Bronchus, degeneration 
Bronchus, mineralization 
Mediastinum, angiectasis 
Mediastinum, hemorrhage 
Mediastinum, inflammation, chronic 
Pleura, inflammation, chronic 

Nose 
Exudate 
Fungus 
Hemorrhage 
Hyperplasia, squamous 
Inflammation, suppurative 
Mucosa, hyperplasia, squamous 

Trachea 
Degeneration 
Mineralization 
Glands, cyst 

(51) 
1 (2%) 
i (2%) 
7 (14%) 
3 (6%) 
3 (6%) 
I (2%) 

I (2%) 

4 (8%) 

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

(51) 

5 (10%) 

16 01%) 
1 (2%) 

(51) 

1 (2%) 

(51) 
1 (2%) 

i (2%) 
2 (4%) 
3 (6%) 

2 (4%) 

7 (14%) 

1 (2%) 

(51) 
i (2%) 

16 (31%) 
I (2%) 
1 (2%) 

19 (37%) 

(51) 

(5o) 
3 (6%) 

2 (4%) 
I (2%) 
I (2%) 

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

I (2%) 

(49) 

7 (14%) 

9 (18%) 

(5o) 
1 (2%) 
1 (2%) 

(51) 

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

1 (2%) 

7 (14%) 

(51) 

1o (20%) 

15 (29%) 

(51) 
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TABLE A5 
Summary  of  the Inc idence  of  Nonneoplastic Lesions In Male Rats  in the  2-Year 
Chlorinated Water  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Special Senses System 
Ear (1) 

Pinna, hyperplasia, squamous 1 (100%) 
Eye (5) 

Atrophy 1 (20%) 
Cataract 1 (20%) 
Anterior chamber, inflammation, acute 
Cornea, inflammation, acute 
Retina, degeneration 1 (20%) 
Rctrobulbar, inflammation, chronic 1 (20%) 

(3) 
I (33%) 
2 (67%) 
1 (33%) 
i (33%) 
1 (33%) 

(2) 

(3) 

1 (33%) 

1 (33%) 

(i) 

Urinary System 
Kidney (51) 

Cyst 4 
Hydronephrosis 
Nephropathy 50 
Pelvis, dilatation 2 
Pelvis, transitional epithelium, hyperplasia 1 
Renal tubule, hyperplasia 3 

Urethra (1) 
Bulbourethral gland, dilatation 1 

Urinary bladder (51) 
Angiectasis 
Hemorrhage 
Inflammation, chronic 1 
Necrosis 
Transitional epithelium, hyperplasia 1 

(8%) 

(98%) 
(4%) 
(2%) 
(6%) 3 

(1) 
(100%) 1 

(51) 

(2%) I 

(2%) 

(5o) 
s (16%) 
1 (2%) 

49 (98%) 

(6%) 

(ioo%) 

(2%) 

(50) 
3 

49 

(so) 

(6%) 

(98%) 

(2%) 

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

(51) 
3 

50 

(51) 
1 
2 

(6%) 

(98%) 

(2%) 

(2%) 
(4%) 
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TABLE B1 
S u m m a r y  o f  the  Inc idence  of  N e o p l a s m s  in F e m a l e  Ra t s  in t he  2-Year  
C h l o r i n a t e d  W a t e r  S tudy  

0 ppm 70 ppm 140 ppm 275 ppm 

Disposition Summary 
Animals initially in study 
14-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 

Survivors 
Terminal sacrifice 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
10 10 9 10 

3 1 4 1 
16 18 19 14 

31 31 28 35 

50 50 51 50 

Alimentary System 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Adenoma 
Liver 

Hepatoceilular adenoma 
Hlstiocytic sarcoma 

Mesentery 
Pancreas 

Acinar cell, adenoma 
Pharynx 

Palate, papilloma squamous 
Salivary glands 
Stomach, forrestomach 

Papilloma squamous 
Stomach, glandular 

Carcinoid tumor NOS 
Tongue 

Papilloma squamous 
Tooth 

Odontoma 

(50) (50) 
(50) (50) 
(50) (50) 
(50) (50) 
(50) (5o) 
(50) (5o) 

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

1 
(10) (6) 
(50) (50) 

(1) 
1 

(49) (50) 
(50) (50) 

(50) (50) 
1 

(1) 
1 (ioo%) 

(1) 

(51) 
(2%) 2 
(2%) 

(9) 
(51) 

(lOO%) 
(51) 
(51) 

1 
(51) 

(2%) 

(51) (50) 
(51) (50) 
(50) (50) 
(50) (5o) 
(51) (50) 
(51) (50) 

1 
(5O) 

(4%) 

(1o) 
(50) 

1 

(50) 
(50) 

(2%) 
(50) 

(1) 
1 

(2%) 

(2%) 

(100%) 

Cardiovascular System 
Heart 

Osteosarcoma, metastatic, skin 
(50) (50) (51) 

1 (2%) 
(50) 

Endocrine System 
Adrenal gland, cortex (50) (49) 

Adenoma 1 
Adrenal gland, medulla (50) (49) 

Pheochromocytoma benign 6 (12%) 4 
Bilateral, pheochromoc-ytoma benign 1 (2%) 

(51) 
(2%) 

(51) 
(8%) 3 

1 
(6%) 
(2%) 

(50) 
3 

(5O) 
3 

(6%) 

(6%) 

. , .  
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TAmJ~, BI 
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year 
Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Endocrine System (continued) 
Islets, pancreatic 

Adenoma 
Carcinoma 

Pituitary gland 
Craniopharyngioma 
Pars distalis, adenoma 

Thyroid gland 
C-ceil, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

(50) (50) (51) (50) 
2 (4%) 3 (6%) 
1 (2%) 

(50) (49) (50) (50) 
1 (2%) 

33 (66%) 28 (57%) 26 (52%) 25 (50%) 
(50) (48) (51) (50) 

4 (8%) 7 (14%) 1 (2%) 
1 (2%) 3 (6%) 
3 (6%) 1 (2%) 1 (2%) 

1 (2%) 

General Body System 
Tissue NOS 

Oral, squamous cell carcinoma 
(1) 
I (100%) 

Genital System 
Clitoral gland 

Adenoma 
Carcinoma 
Bila.teral, adenoma 

Ova~ 
Granulo~a-theca tumor malignant 
Histiocytic sarcoma 

Uterus 
Adcnocarcinoma 
Adenoma 
Granular ccell tumor NOS 
Polyp stromal, multiple 
Endomctrium, deciduoma NOS 
Endometrium, polyp stromal 
Endometrium, polyp stromal, multiple 

Vagina 
Papilloma squamous 
Sarcoma 

(48) 
5 
1 

(50) 

(50) 

10 

(s) 

1 

(50) (50) 
(10%) 4 (8%) 4 (8%) 
(2%) 

1 (2%) 
(50) (51) 

1 (2%) 
1 (2%) 

(50) (51) 

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

(20%) 8 (16%) 

(14) 

(13%) 1 (7%) 

8 (16%) 
1 (2%) 

(13) 

(50) 
g (16%) 
1 (2%) 

(50) 

(50) 
1 
1 

13 

(11) 
1 

(2%) 
(2%) 

(26%) 

(9%) 

Hematopoietic System 
Bone marrow 
Lymph node 

Mediastinal, carcinoma, metastatic, 
thyroid gland 

Mediastinal, histiocytic sarcoma 
Pancreatic, histiocytic sarcoma 

Lymph node, mandibular 
Carcinoma, metastatic, thyroid gland 

Lymph node, mesenteric 
Histiocytic sarcoma 

(50) 
(50) 

(48) 

(49) 

(5o) 
(5o) 

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

(50) 
1 (2%) 

(49) 
I (2%) 

(51) 
(51) 

(51) 

(49) 

(50) 
(50) 

(49) 

(49) 
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TAnI~ B1 
S u m m a r y  of  the Incidence of  Neoplasms in Female Rats  in the  2-Year 
Chlor ina ted  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Hematopoietic System (continued) 
Spleen 

Histiocytic sarcoma 
Schwannoma NOS 

Thymus 
Thymoma benign 

(50) (50) (51) (50) 
1 (2%) 
1 (2%) 

(49) (47) (50) (so) 
1 (2%) 

Integumentary System 
Mammary gland (50) (50) (51) (50) 

Adenocarcinoma 2 (4%) 
Adenoma 1 (2%) 1 (2%) 1 
Adenoma, multiple 1 (2%) 
Fibroadenoma 11 (22%) 11 (22%) 18 (35%) 13 
Fibroadenoma, multiple 5 (10%) 3 (6%) 3 (6%) 3 

Skin (50) (50) (51) (50) 
Basal cell carcinoma 1 (2%) 
Keratoacanthoma 1 (2%) 2 (4%) 
Squamous cell carcinoma 1 (2%) 
Subcutaneous tissue, fibroma 2 (4%) 1 (2%) 
Subcutaneous tissue, fibrosarcoma 1 (2%) 1 
Subcutaneous tissue, histiocytic sarcoma 1 (2%) 
Subcutaneous tissue, o~teosarcoma 1 (2%) 

(2%) 

(26%) 
(6%) 

(2%) 

Musculoskeletal System 
Skeletal muscle 

Histiocytic sarcoma 
(i) 
1 (ioo%) 

Nervous System 
Brain 

Astrocytoma NOS 
Glioma malignant 
Glioma NOS 

Spinal cord 

(48) (50) (51) (50) 
1 (2%) 

1 
1 (2%) 

(1) 

(2%) 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, thyroid gland 
Histiocytic sarcoma 
Osteosarcoma, greater than five, 

metastatic, multiple, skin 
Nose 

Glands, carcinoma 
Trachea 

Carcinoma, metastatic, thyroid gland 

(5o) 
1 (2%) 

(50) 
1 (2%) 

(50) 

(5o) 
2 (4%) 
I (2%) 
1 (2%) 
i (2%) 

(50) 

(49) 
1 (2%) 

(51) (50) 

I (2%) 
(51) 

(51) 

(50) 

(50) 
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TA~L~ B1 
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year 
Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Special Senses System 
Ear 

Pinna, schwannoma NOS 
Zymbal's gland 

Adenoma 

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

(1) 
1 (100%) 

(1) 

Urinary System 
Kidney 

Renal tubule, adenoma 
Urinary bladder 

(50) (50) (51) 
1 (2%) 

(50) (50) (5O) 

(5o) 

(5o) 

Systemic Lesions 
Multiple organs a (50) (50) (51) 

Histiocytic sarcoma 1 (2%) 
Leukemia mononuclear 8 (16%) 7 (14%) 19 
Lymphoma malignant lymphocytic 1 (2%) 

(37%) 

(5o) 

16 (32%) 

Tumor Summary 
Total animals with primary neoplasms b 

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 

48 46 46 43 
104 87 109 100 
45 40 41 39 
85 67 83 80 
16 12 22 20 
18 13 24 20 

1 1 
4 2 

1 6 2 
1 7 2 

a The number in parentheses is the number of animals with any tissue examined microscopically. 
b Primary tumors: all tumors except metastatic tumors 
c Secondary tumors: metastatic tumors or tumors invasive to an adjacent organ 
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TABLE B2 
Individual Animal Tumor Pathology of Female Rats in the 2-Year Chlorinated Water Study: 
0 ppm 

N u m b e r  o f  D a y s  o n  S t u d y  

4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

7 0 3 6 7 2 3 5 6 6 6 6 6 7 7 0 0 1 2 3 3 3 3 3 3  

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

C a r c a s s  I D  N u m b e r  
/ 

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

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

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

A l i m e n t a r y  S y s t e m  
E s o p h a g u s  

In te s t ine  l a rge  
In te s t ine  large ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  r e c t u m  
In tes t ine  smal l  
In tes t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  

L i v e r  
H e p a t o c e l l u l a r  a d e n o m a  

M e s e n t e r y  
P a n c r e a s  
Sa l ivary  g l a n d s  

S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  
S t o m a c h ,  g l a n d u l a r  
T o n g u e  

P a p i l l o m a  s q u a m o u s  
T o o t h  

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

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

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

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

÷ 

C a r d i o v a s c u l a r  S y s t e m  

H e a r t  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  

A d r e n a l  g l a n d  
A d r e n a l  g l and ,  c o r t e s  
A d r e n a l  g l and ,  m e d u l l a  

P h c o c h r o m o c y t o m a  b e n i g n  

Bi la te ra l ,  p h e o c h r o m o c y t o m a  
b e n i g n  

Islets,  p a n c r e a t i c  
P a r a t h y r o i d  g l a n d  

P i tu i t a  D, g l a n d  
P a r s  distal is ,  a d e n o m a  

T h y r o i d  g l a n d  
C-cel l ,  a d e n o m a  

C-cel l ,  c a r c i n o m a  
Fo l l i cu l a r  cell,  a d e n o m a  

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

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

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

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

X X  

X X 

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

X X 

+ + + + + + +  

+ + + + + + +  

+ + + + + + +  

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

+ :  T i s sue  e x a m i n e d  m i c r o s c o p i c a l l y  M: Miss ing  t i s sue  X:  L e s i o n  p r e s e n t  
A:  Au to ly s i s  p r e c l u d e s  e x a m i n a t i o n  I: Insuf f ic ien t  t i ssue  Blank:  N o t  e x a m i n e d  



L e s i o n s  i n  F e m a l e  R a t s  1 2 3  

T A B L E  B 2  

I n d i v i d u a l  A n i m a l  T u m o r  Pathology of Female Rats in the 2.Year Chlorinated Water Study: 
0 p p m  ( c o n t i n u e d )  

N u m b e r  o f  D a y s  o n  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

C a r c a s s  I D  N u m b e r  

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  

5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  T o n i  

2 2 2 3 3 4 4 4 4 4 8 8 9 0 0 0 0 1 1 1 1 2 2 2 2  T ~ u ~  

3 4 5 4 5 1 2 3 4 5 4 5 4 2 3 4 5 2 3 4 5 2 3 4 5  T u m o r  

A l i m e n t a r y  S y s t e m  

E s o p h a g u s  
In tes t ine  l a rge  
In tes t ine  large ,  c e c u m  
In tes t ine  large ,  co lon  
In tes t ine  large ,  r e c t u m  
In tes t ine  smal l  
In tes t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 

In tes t ine  smal l ,  j e j u n u m  
L ive r  

H e p a t o c e l l u l a r  a d e n o m a  
M e s e n t e r y  
P a n c r e a s  
Sa l ivary  g l a n d s  
S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  
S t o m a c h ,  g l a n d u l a r  
T o n g u e  

P a p i l l o m a  s q u a m o u s  
T o o t h  

+ + + + + + + + + + + + + + + + + + + + + + + + + 50  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50  
+ + + + + + + + + + + + + + + + + + + + + + + + + 5 0  
+ + + + + + + + + + + + + + + + + + + + + + + + + 5 0  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 5 0  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
+ + + + 10 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50  
+ + + + + + + + +  + + + + +  + + + + + + + + + + + 4 9  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ 1 
X 1 

1 

C a r d i o v a s c u l a r  S y s t e m  

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d o c r i n e  S y s t e m  

A d r e n a l  g l a n d  
A d r e n a l  g l and ,  co r t ex  
A d r e n a l  g l and ,  m e d u l l a  

P h e o c h r o m o c y t o m a  b e n i g n  
Bi la te ra l ,  p h e o c h r o m o c y t o m a  

b e n i g n  
Islets, p a n c r e a t i c  
P a r a t h y r o i d  g l a n d  
P i t u i t a ry  g l a n d  

P a r s  distal is ,  a d e n o m a  
T h y r o i d  g l a n d  

C-cel l ,  a d e n o m a  
C-cel l ,  c a r c i n o m a  
Fo l l i cu l a r  cell,  a d e n o m a  

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X X X 6 

X 1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X  X X  X X  X X X X X X X X  X X X  33  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50  

X X 4 
X 1 

X 3 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  

4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

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

Gene ra l  Body Sys t em  
Tissue NOS 

Oral, squamous cell 
carcinoma 

+ 

X 

G e n i t a l  S y s t e m  
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Uterus 

Endometrium, polyp stromal 
Vagina 

Sarcoma 

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

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

X X X X  X X 
+ + + + 

X 

H e m a t o p o i e t i c  Sys t em  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

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

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

I n t e g u m e n t a r y  Sys t em  
Mammary gland 

Adenocarcinoma 
Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, 

fibrosarcoma 

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

X X X  X 
X X X 

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

X 
X X 

X 

Muscu loske l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + M +  + + + + + + + + + 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Nose 

Glands, carcinoma 
Trachea 

X 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

Number of Days on Study 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

C a r c a s s  ID  N u m b e r  

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  
5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  Tota l  

2 2 2 3 3 4 4 4 4 4 8 8 9 0 0 0 0 1 1 1 1 2 2 2 2  T i ~ u ~  
3 4 5 4 5 1 2 3 4 5 4 5 4 2 3 4 5 2 3 4 5 2 3 4 5  T u m o ~  

Gene ra l  Body Sys t em  
Tmsue NOS 

Oral, squamous cell 
carcinoma 

Geni ta l  Sys t em  
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Uterus 

Endometrium, polyp stromal 
Vagina 

Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 48 
X X X 5 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X X X 10 
+ + + + 8 

1 
Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + M + + + + + + + + + + + + + +  49 

I n t e g u m e n t a r y  Sys t em  
Mammary gland 

Adenocarcinoma 
Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, 

fibrosarcoma 

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

X X 
X 

X X X X X  X X 
X X 

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

50 
2 
1 

11 
5 

50 
1 
2 

Muscu loske le t a i  Sys t em  
Bone + + + + + +  + + + + +  + + + + + + + +  + + + + + + 50 

Nervous System 
Brain + + + + + + + + + + + + + + + + + M +  + + + + + + ~ 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Nose 

Glands, carcinoma 
Trachea 

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

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

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

50 

1 
50 

1 
50 
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TABLE B2 

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  in  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

Number of Days on Study 
4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  
7 0 3 6 7 2 3 5 6 6 6 6 6 7 7 0 0 1 2 3 3 3 3 3 3  
2 8 1 9 8 0 9 0 6 6 7 8 8 3 5 2 3 2 1 0 1 1 1 1 1  

Carcass ID Number 

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

Special Senses  System 
Ear 

Pinna, schwannoma NOS 
Eye 
Zymbai's gland 

Adenoma 

+ + 
+ 

X 

+ 

X 

Urinary System 
Kidney 
Urinary bladder 

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

Systemic Lesions  
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant 

lymphocytic 

X X X X X 



Lesions in Female Rats  127 

TABLE B2 

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

Number  of  Days on Study 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

Carcass  ID Number  

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  
5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  T o n i  
2 2 2 3 3 4 4 4 4 4 8 8 9 0 0 0 0 1 1 1 1 2 2 2 2  T i ~ u ~  
3 4 5 4 5 1 2 3 4 5 4 5 4 2 3 4 5 2 3 4 5 2 3 4 5  T u m o r  

Special Senses  System 
Ear 

Pinna, schwannoma NOS 
Eye 
Zymbal's gland 

Adenoma 
Urinary System 
Kidney 
Urinary bladder 

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

50 
50 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant 

lymphocytic 

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

X X X 

X 

50 

8 
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T A B U  B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  

N u m b e r  o f  D a y s  on  S t u d y  

3 4 4 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatocel lular  adenoma 
Histiocytic sarcoma 

Mesentery 
Pancreas 
Pharynx 

Palate, papilloma squamous 
Salivat T glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

carcinoid tumor NOS 

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

X 
X 

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

+ 

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

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

+ + 

+ + ' 4 - + + + + + + + + + + + + + + + + + + + + + +  

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Craniopharyngioma 
Pars distalis, adenoma 

Thyroid gland 
C-cell, carcinoma 
Follicular cell, adenoma 

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

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

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

X X  X X X X X X X X X  X X  X 
÷ ÷ ÷ ÷ + + + ÷ + ÷ ÷ ÷ ÷ ÷ + + + ÷ + ÷ ÷ + + + ÷ 

X 
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T A ~ L ~  B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

2 2 2 2 2 2 2 2 2 2 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 9 9 9 9 9 9 9 9 9 9 9 9 9  T o t a l  

2 2 2 3 3 3 3 4 4 4 2 2 5 6 6 6 3 3 4 4 4 5 5 5 5 T ~ u ~  

3 4 5 2 3 4 5 3 4 5 4 5 1 3 4 5 4 5 3 4 5 2 3 4 5 T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatocel lular  adenoma 
Histiocytic sarcoma 

Mesentery 
Pancreas 
Pharynx 

Palate, papilloma squamous 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

carcinoid tumor NOS 

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

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

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

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

X 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
1 
1 
6 

50 
1 
1 

50 
50 
50 
50 
1 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

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

5 
50 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Craniopharyngioma 
Pars distalis, adenoma 

Thyroid gland 
C-cell, carcinoma 
Follicular ceil, adenoma 

+ + + + +  
+ + + + +  

+ + + + +  

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

X 
X 

+ + + + +  

X 
X 

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

+ + + + + + + + +  

X 
+ + + + + + + + +  

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

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

X 

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

+ + + + + + + + + + + 

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

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

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

49 
49 
1 

49 
4 

50 
45 
49 
1 

28 
48 
3 
1 



130 C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r ,  N T P  T R  392  

TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  
3 4 4 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

0 2 0 0 0 2 2 2 2 2 0 0 2 2 0 0 0 0 2 2 2 2 2 2 2  
9 0 9 9 9 0 0 0 0 0 9 9 0 0 9 9 9 9 0 0 0 0 0 0 0  

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

G e n e r a l  Body  S y s t e m  
None 

G e n i t a l  S y s t e m  
Clitoral gland 

Adenoma 

Ovary 
Histiocytic sarcoma 

Uterus  
Granular  cell tumor NO$ 
Polyp stromal, multiple 
Endometrium, deciduoma NOS 
Endometrium, polyp stromal 

Vagina 
Sarcoma 

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

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

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

X 
X 

X 
X X X  

+ + + +  + + +  + 

X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 

Mediastinal, carcinoma, 
metastatic, thyroid gland 

Mediastinal, histiocytic 
sarcoma 

Pancreatic, histiocytic 

sarcoma 
Lymph node, mandibular  

Carcinoma, metastatic, 
thyroid gland 

Lymph node, mesenteric 
Histiocytic sarcoma 

Spleen 
Histiocytic sarcoma 
Schwannoma NOS 

Thymus 

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

X 

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

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

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

X 
X 

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

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 

Keratoacanthoma 
Subcutaneous tissue, histiocytic 

sarcoma 

X X X X 
X 

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

X 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

70  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

2 2 2 2 2 2 2 2 2 2 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 9 9 9 9 9 9 9 9 9 9 9 9 9  Tota l  

2 2 2 3 3 3 3 4 4 4 2 2 5 6 6 6 3 3 4 4 4 5 5 5 5  T i ~ u ~  

3 4 5  2 3 4 5 3 4 5 4 5 1 3 4 5 4 5 3 4 5  2 3 4 5  T u m o ~  

Gene ra l  Body Sys t em  
None 

Geni ta l  System 
Clitoral gland 

Adenoma 
Ovary 

Histiocytic sarcoma 
Uterus 

Granular cell tumor NOS 
Polyp stromal, multiple 
Endometrium, deciduoma NOS 
Endometrium, polyp stromal 

Vagina 
Sarcoma 

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

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

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

X 

X X X X X 
+ + + + + + 

50 
4 

50 
1 

50 
2 
1 
1 
8 

14 
1 

H e m a t o p o i e t i c  Sys t em  
Bone marrow 
Lymph node 

Mediastinal, carcinoma, 
metastatic, thyroid gland 

Mediastinai, histiocytic 
sarcoma 

Pancreatic, histiocytic 
sarcoma 

Lymph node, mandibular 
Carcinoma, metastatic, 

thyroid gland 
Lymph node, mesenteric 

Histiocytic sarcoma 
Spleen 

Histiocytic sarcoma 
Schwannoma NOS 

Thymus 

+ + + + + + + + + + + + + + + + + + ÷ + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

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

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

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

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

50 
50 

1 
50 

1 
49 
1 

50 
1 
1 

47 

I n t e g u m e n t a r y  Sys t em  
Mammary gland 

Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Keratoacanthoma 
Subcutaneous tissue, histiocytic 

sarcoma 

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

X X X X  X X X 
X X 

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

X 

50 
11 
3 

50 
1 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

70  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  
3 4 4 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
7 2 9 0 1 6 9 1 1 2 2 5 6 0 1 1 2 2 2 2 2 2 2 2 2  
6 4 4 8 4 0 6 4 9 1 7 2 7 8 0 0 2 2 6 9 9 9 9 9 9  

C a r c a s s  I D  N u m b e r  

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

Muscu loske l e t a i  S y s t e m  
Bone 
Skeletal muscle 

Histioeytic sarcoma 

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

X 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, 

thyroid gland 
Histioeytic sarcoma 

Nose 
Trachea 

Carcinoma, metastatic, 
thyroid gland 

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

X X 

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

Special  S e n s e s  Sys t em  
Ear + + 

Pinna, schwannoma NOS X X 
Eye + 

U r i n a r y  Sys t em  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

Sys temic  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 

Histiocytic sarcoma X 
Leukemia mononuclear X X X X X X 
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TABLE B2 
Individual Animal Tumor  Pathology of  Female Rats in the 2-Year Chlorinated Water Study: 
70 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

2 2 2 2 2 2 2 2 2 2 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 9 9 9 9 9 9 9 9 9 9 9 9 9  T o n i  

2 2 2 3 3 3 3 4 4 4 2 2 5 6 6 6 3 3 4 4 4 5 5 5 5  ~ u ~  

3 4 5 2 3 4 5 3 4 5 4 5 1 3 4 5 4 5 3 4 5 2 3 4 5  T u m o r  

M u s c u l o s k e l e t a i  S y s t e m  

Bone 
Skeletal muscle 

Histiocytic sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 
1 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/brronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, 

thyroid gland 
Histiocytic sarcoma 

Nose 
Trachea 

Carcinoma, metastatic, 
thyroid gland 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
2 

X 1 

X 1 
1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + M + + + + + + + +  49 

X 1 

Spec i a l  S e n s e s  S y s t e m  

Ear  
Pinna, schwannoma NOS 

Eye + + + + 

U r i n a r y  S y s t e m  
Kidney 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

S y s t e m i c  L e s i o n s  

Multiple organs 
Histiocytic sarcoma 
Leukemia mononuclcar 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

X 7 
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TABLE B2 
Individual Animal Tumor  Pathology of  Female Rats in the 2-Year Chlorinated Water Study: 
140 ppm 

Number of Days on Study 
3 4 4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

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

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

C a r c a s s  I D  N u m b e r  

0 1 1 0 0 1 0 0 0 0 0 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1  
8 9 9 8 8 9 8 8 8 8 8 9 9 8 9 8 9 9 9 8 9 9 9 9 9 9  

7 7 9 5 6 7 7 8 9 8 6 3 5 9 7 8 3 3 3 5 5 5 7 5 5 7  

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

A l i m e n t a r y  S y s t e m  
E s o p h a g u s  

In te s t ine  l a r g e  
In te s t ine  large ,  c e c u m  
In tes t ine  large ,  c o l o n  
In tes t ine  large ,  r e c t u m  

In tes t ine  smal l  
In tes t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  
L ive r  

H e p a t o c e l l u l a r  a d e n o m a  
M e s e n t e r y  
P a n c r e a s  

Sa l ivary  g l ands  
S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  

P a p i l l o m a  s q u a m o u s  
S t o m a c h ,  g l a n d u l a r  

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

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

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

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

X X 
+ +  + + + + 

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

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

C a r d i o v a s c u l a r  S y s t e m  

B l o o d  vessel  
H e a r t  

O s t e o s a r c o m a ,  me tas t a t i c ,  
sk in  

+ 

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

X 

E n d o c r i n e  S y s t e m  
A d r e n a l  g l a n d  
A d r e n a l  g land ,  co r t ex  
A d r e n a l  g land ,  m e d u l l a  

P h c o c h r r o m o c y t o m a  b e n i g n  
Bi la te ra l ,  p h e o c h r r o m o c y t o m a  

b e n i g n  
Islets, p a n c r e a t i c  

A d e n o m a  
C a r c i n o m a  

P a r a t h y r o i d  g l a n d  
P i t u i t a ry  g l a n d  

P a r s  distal is ,  a d e n o m a  
T h y r o i d  g l a n d  

C-cel l ,  a d e n o m a  
Fo l l i cu l a r  cell,  c a r c i n o m a  

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

X 

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

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

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

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

X X X 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  Study: 
1 4 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2  

C a r c a s s  I D  N u m b e r  

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

8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 8 8 8 8 8 8 8 8 8  T o ~ !  

6 6 6 8 8 3 4 4 4 4 4 6 6 6 6 6 5 5 5 7 7 7 9 9 9  T ~ u ~  

3 4 5 4 5 5 1 2 3 4 5 1 2 3 4 5 3 4 5 3 4 5 3 4 5  T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatoceilular  adenoma 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

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

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

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

+ + + +  51 
+ + + +  51 
+ + + +  51 
+ + + +  51 
+ + + +  50 
+ + + +  51 
+ + + +  50 
+ + + +  51 
+ + + +  51 
+ + + +  51 

2 
9 

+ + + +  51 
+ + + +  51 
+ + + +  51 
+ + + +  51 

1 
+ + + +  51 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

Osteosarcoma, metastatic, 
skin 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
1 

51 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancrreatic 

Adenoma 
Carcinoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-ceil, adenoma 
Follicular cell, carcinoma 

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

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

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

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

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

X 

+ + ÷ + + + ÷ ÷ ÷ + ÷ + + 51 

+ + + + ÷ ++ + ÷ + + + + 51 

÷ + +  + ÷ + ÷ + ÷  + + ÷ + 51 

X X 3 

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

X X 
X 

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

+ ÷ + + + + + + + + + + + 

X X  X X X X 
÷ ÷ ÷ ÷ ~ ~ • ~ ÷ ~ ÷ ÷ ÷ 

X X  X X 

1 

51 

2 

1 

51 

50 

26 

51 

7 

1 
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TABLE B2 
Individual Animal Tumor Pathology of Female Rats in the 2-Year Chlorinated Water Study: 
140 ppm (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

3 4 4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

0 1 1 0 0 1 0 0 0 0 0 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1  
8 9 9 8 8 9 8 8 8 8 8 9 9 8 9 8 9 9 9 8 9 9 9 9 9 9  

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

G e n e r a l  B o d y  S y s t e m  

None 
G e n i t a l  System 
Clitoral gland 

Adenoma 
Bilateral, adcnoma 

Ovary 
Granulosa-thcca tumor 
malignant 

Uterus 
Endometrium, polyp stromal 
Endometrium, polyp stromal, 

multiple 
Vagina 

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

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

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

X X X  

+ + +  + + + + +  + 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

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

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

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Adenoma 
Adenoma, multiple 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Basal cell carcinoma 
Keratoacanthoma 
Subcutaneous tissue, 

fibroma 
Subcutaneous tissue, 

o~temarcoma 

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

X 
X 

X X X X X X  X X X 

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

X 
X 

X 

X 

M u s c u l o s k e l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + + 

Nervous S y s t e m  
Brain 

Astrocytoma NOS 
Glioma NOS 

Spinal cord 

X 
X 

+ 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

140  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2  

C a r c a s s  I D  N u m b e r  

0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0  
8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 8 8 8 8 8 8 8 8 8  To ta l  

6 6 6 8 8 3 4 4 4 4 4 6 6 6 6 6 5 5 5 7 7 7 9 9 9  T ~ u ~  

3 4 5 4 5 5 1 2 3 4 5 1 2 3 4 5 3 4 5 3 4 5 3 4 5  T u m o ~  

Gene ra l  Body S y s t e m  
None 

Geni ta l  Sys t em 
Clitoral gland 

Adenoma 
Bilateral, adenoma 

Ovary 
Granulosa-theca tumor 

malignant 
Uterus 

Endometrium, polyp stromal 
Endometrium, polyp stromal, 

multiple 
Vagina 

+ + + + + + + + + + + + + + + M + + + + + + + + +  50 
X X  X X 4 

X 1 
+ + + + + + + + + + + + + + + + + + + + +  + + + +  51 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

X X X X X 8 

X 1 
+ + + + 13 

Hema topo i e t i c  Sys t em  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + M +  + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + M +  + + + + + + + + + + + 50 

I n t e g u m e n t a r y  Sys t em  
Mammary gland 

Adenoma 
Adenoma, multiple 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Basal cell carcinoma 
Keratoacanthoma 
Subcutaneous tissue, 

fibroma 
Subcutaneous tissue, 

o~teosarcoma 

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

X X X  X X  X X X X 
X X X 

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

X 

51 
1 
1 

18 
3 

51 
1 
2 

Muscu loske l e t a l  Sys t em  
Bone + + + + +  + + + + +  + + + + + + + +  + + + + + + + 51 

N e r v o u s  Sys t em 
Brain 

Astroqttoma NOS 
Glioma NOS 

Spinal cord 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
1 
1 
1 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

I 4 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

3 4 4 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

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

C a r e A ~  I D  N u m b e r  

0 1 1 0 0 1 0 0 0 0 0 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1  
8 9 9 8 8 9 8 8 8 8 8 9 9 8 9 8 9 9 9 8 9 9 9 9 9 9  

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

R e s p i r a t o r y  S y s t e m  
Lung + + + + + + + + + + + + + + + + + + + + + + + + + + 

Osteosarcoma, greater than five, , 
metastatic, multiple, skin X 

lqo~e + + + + + + + + + + + + + + + + + + + + + + + + + + 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + + 

S p e c i a l  S e n s e s  S y s t e m  

Ear  + 
Eye + + 

U r i n a r y  S y s t e m  

Kidney + + + + + + + + + + + + + + + + + + + + + + + + + + 
Renal  tubule, adenoma 

Ur ina~ybladder  + + + + + + + + + + + + + + + + + + + + + + + + + + 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononu¢iear X X X X X X X X X X X 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

140  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2  

C a r c a s s  ID  N u m b e r  

0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0  
8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 8 8 8  8 8 8 8 8  8 T o n i  

6 6 6 8 8 3 4 4 4 4 4 6 6 6 6 6 5 5 5 7 7 7 9  9 9  T i ~ u ~  
3 4 5 4 5 5 1 2 3 4 5 1 2 3 4 5  3 4 5  3 4 5 3 4 5  T u m o r  

R e s p i r a t o r y  Sys t em  
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Osteosarcoma, greater than five, 
metastatic, multiple, skin 1 

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 51 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Special  Sense s  Sys t em  
Ear 
Eye 

U r i n a r y  Sys t em  
Kidney + + ÷ + + + + + + + + + + + + + + + + + + + + + + 51 

Renal tubule, adenoma X 1 
Ur ina~b ladde r  + + + + + + + + + + + + M + + + + + + + + + + + + 50 

Sys temic  Les i ons  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Leukemia mononuclear X X X X X X X X 19 
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TAmE B2 
Individual Animal Tumor Pathology of Female Rats in the 2.Year Chlorinated Water Study: 
275 ppm 

N u m b e r  o f  D a y s  o n  S t u d y  

3 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

3 0 4 5 9 4 8 6 8 9 8 0 8 8 9 9 9 9 9 9 9 9 9 9 9  

C a r c a s s  I D  N u m b e r  

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

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

A l i m e n t a r y  S y s t e m  

E s o p h a g u s  

In tes t ine  l a r g e  
In te s t ine  la rge ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  rrectum 

In tes t ine  smal l  
In te s t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  

A d e n o m a  
L i v e r  

M e s e n t e r y  
P a n c r e a s  

A c i n a r  cell,  a d e n o m a  

Sa l ivary  g l a n d s  
S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  

S t o m a c h ,  g l a n d u l a r  

T o o t h  
O d o n t o m a  

+ + + + + + + + + ÷ + + + + ÷ + + + ÷ + ÷ + + + + 
+ + + + + + + + + + ÷ + ÷ ÷ ÷ ÷ + ÷ + ÷ + ÷ + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + ÷ + + + ÷ ÷ + + + + ÷ + + + 
+ + + + + + + + + ÷ ÷ + ÷ + + ÷ + ÷ + + + ÷ ÷ + + 

+ + + + + + + + + + ÷ + ÷ ÷ + ÷ ÷ ÷ ÷ + + ÷ ÷ ÷ + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + ÷ + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ +  + +  + +  ÷ 

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

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + ÷ + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + ÷ + + + + + + + + + + 

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

+ 

X 

Cardiovascular System 
B l o o d  vessel  + 
H e a r t  + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + ÷ + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

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

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

X X X  X X  X X  X X  
+ + + + + + + + + + ÷ ÷ + + + + + ÷ + + + + + + ÷ 

E n d o c r i n e  System 
A d r e n a l  g l a n d  
A d r e n a l  g l and ,  co r t ex  

A d e n o m a  
A d r e n a l  g l and ,  m e d u l l a  

P h e o c h r o m o c y t o m a  b e n i g n  
Islets, p a n c r e a t i c  

A d e n o m a  
P a r a t h y r o i d  g l a n d  

P i t u i t a r y  g l a n d  
P a r s  distal is ,  a d e n o m a  

T h y r o i d  g l a n d  

C-cel l ,  a d e n o m a  
Fo l l i cu l a r  c e l l , a d e n o m a  X 

G e n e r a l  B o d y  S y s t e m  

N o n e  
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C a r c a s s  ID  N u m b e r  

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

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9  T o t a l  

1 2 2 0 0 0 0 6 6 7 7 7 7 7 8 8 8 8 8 9 9 0 0 0 0 T i ~ u ~  

5 4 5 2 3 4 5 4 5 1  2 3 4 5 1 2 3 4 5 4 5 2 3 4 5 T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestine large + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestine large, cecum + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestine large, colon + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestine large, rectum + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestine small + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestine small, duodenum + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestine small, i leum + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Intestine small, jejunum + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adenoma X 1 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Mesentery + + + 10 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Acinar  cell, adenoma X 1 
Salivary glands + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Stomach, forrestomach + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Tooth 1 

Odontoma 1 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 1 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d o c r i n e  S y s t e m  
Adrenal  gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adrenal gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adenoma X X X 3 
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Pbeochromocytoma benign 3 
Islets, pancreatic + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adenoma X X 3 
Parathyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Pi tui ta~ygland + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Pars distalis, adenoma X X X X X X X X X X X X X X X X 25 
Thyroid gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 

C-cell, adenoma X 1 
Follicular ceil, adenoma 1 

G e n e r a l  Body  S y s t e m  
None 
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TAntZ~ B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

3 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

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

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

G e n i t a l  S y s t e m  
Clitoral gland 

Adenoma 
Carcinoma 

Ovaq~ 
Oviduct 
Uterus  

Adenocarcinoma 
Adenoma 
Endometrium, polyp stromal 

Vagina 
Papilloma squamous 

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

X X X 
X 

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

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

X 
X 

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

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 
Thymoma benign 

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

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

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Subcutaneous tissue, 

fibrosareoma 

+ + + + + + + + + + + + + + ÷ + + + + + + + + + + 

X X X X  X X X 
X X X 

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

X 

M u s c u i o s k e l e t a l  S y s t e m  

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

Glioma malignant 

R e s p i r a t o r y  S y s t e m  

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

S p e c i a l  S e n s e s  S y s t e m  
Eye M 
Harderian gland + 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear  X X X X X X X X 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C a r c a s s  ID  N u m b e r  

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

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 9 9 T o n i  

1 2 2 0 0 0 0 6 6 7 7 7 7 7 8 8 8 8 8 9 9 0 0 0 0 T i m u ~  

5 4 5 2 3 4 5 4 5 1  2 3 4 5 1 2 3 4 5 4 5 2 3 4 5 T u m o ~  

G e n i t a l  S y s t e m  

Clitoral gland 
Adenoma 
Carcinoma 

Ovary 
Oviduct 
Uterus 

Adenocarcinoma 
Adenoma 
Endometrium, polyp stromal 

Vagina 
Papilloma squamous 

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

X X  X X X  

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

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

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

X 

50 
8 
1 

50 
1 

50 
1 
1 

13 
11 
1 

H e m a t o p o i e t i c  S y s t e m  

Bone malrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mcsenteric 
Spleen 

Thymus 
Thymoma benign 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

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

X 
X X X X  X X  

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

50 
1 

13 
3 

50 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Subcutaneous tissue, 

fibrosarcoma 1 

M u s c u l o s k e l e t a l  S y s t e m  

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Giioma malignant X 1 

R e s p i r a t o r y  S y s t e m  
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

S p e c i a l  S e n s e s  S y s t e m  
Eye + + 2 
Harderian gland 1 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukemia mononuclear X X X X X X X X 16 
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TASLE B3 

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  F e m a l e  R a t s  in  t h e  2 - Y e a r  

C h l o r i n a t e d  W a t e r  S t u d y  

0 ppm 70 ppm 140 ppm 275 ppm 

Adrenal Cortex: Adenoma 
Overall rates a 
Adjusted rates b 
Terminal rates c 
First incidence ~(days) 
Life table tests u 
Logistic regression tests d 
CoehrawAr~ita~e ~estd 
Fisher exact test" 

0/50 (0%) 1/49 (2%) 0/51 (0%) 3/50 (6%) 
0.0% 3.3% 0.0% 8.6% 
0/31 (0%) 1/30 (3%) 0/28 (0%) 3/35 (9%) 
_e 729 (T) - 729 (T) 
P--0.060 P=0.493 - Pffi0.143 
P=0.060 P--0.493 - P=0.143 
P=0.045 

P=0.495 - P=0.121 

Adrenal  Medulla:  Benign Pheochromocytoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

7/50 (14%) 4/49 (8%) 4/51 (8%) 3/50 (6%) 
21.9% 13.3% 14.3% 7.2% 
6/31 (19%) 4/30 (13%) 4/28 (14%) 1/35 (3%) 
721 729 (T) 729 (T) 609 
P=0.105N P=0.272N P=0.317N P=0.125N 
P=0.113N Pf0.245N P=0.291N Pf0.146N 
P--0.134N 

Pffi0.274N P=0.251N P=0.159N 

Clitoral  Gland: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

5/48 (10%) 4/50 (8%) 5/50 (10%) 8/50 (16%) 
16.1% 11.6% 18.5% 21.9% 
5/31 (16%) 3/31 (10%) 5/27 (19%) 7/35 (20%) 
729 (T) 508 729 (T) 668 
P=0.219 P=0.503N P=0.543 P=0.356 
P =0.204 P =0.488N P =0.543 P =0.357 
P=0.176 

P=0.474N P=0.603N P=0.304 

Clitoral  Gland: Adenoma or  Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

6/48 (13%) 4/50 (8%) 5/50 (10%) 9/50 (18%) 
19.4% 11.6% 18.5% 23.8% 
6/31 (19%) 3/31 (10%) 5/27 (19%) 7/35 (20%) 
729 (T) 508 729 (T) 668 
P=0.214 P=0.371N P=0.600N P=0.377 
P=0.195 P=0.358N Pf0.600N P=0.364 
P=0.168 

P=0.344N Pf0.471N P=0.318 

Lung: Alveolar/bronchiolar  Adenoma or  Alveolarforonchiolar Carcinoma 
Overall rates 1/49 (2%) 3/50 (6%) 0/51 (0%) 0/50 (0%) 
Adjusted rates 3.3% 8.8% 0.0% 0.0% 
Terminal rates 1/30 (3%) 2/31 (6%) 0/28 (0%) 0/35 (0%) 
First incidence (days) 729 (T) 627 - - 
Life table tests P=0.139N P=0.307 P=0.514N P=0.469N 
Logistic regression tests P=0.145N P=0.306 P=0.514N P=0.469N 
Cochran-Annitage test Pffi0.147N 
Fisher exact test P=0.316 Pffi0.490N P=0.495N 
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TAnLE B3 
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year 
Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Mammary Gland: Fibroadenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

16/50 (32%) 14/50 (28%) 21/51 (41%) 16/50 (32%) 
43.5% 39.8% 57.1% 38.1% 
11/31 (35%) 11/31 (35%) 13/28 (46%) 10/35 (29%) 
578 376 554 383 
P=0.502N P=0.422N P=0.150 Pf0.449N 
P=0.450 P=0.435N P=0.170 P=0.576N 
P=0.428 

Mammary Gland: Adenoma or Fibroadenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.414N P=0.227 P=0.585N 

17/50 (34%) 14/50 (28%) 22/51 (43%) 16/50 (32%) 
46.3% 39.8% 59.9% 38.1% 
12/31 (39%) 11/31 (35%) 14/28 (50%) 10/35 (29%) 
578 376 554. 383 
P=0.443N P=0.343N P=0.147 Pf0.368N 
Pffi0.513 P--0.354N P=0.168 Pffi0.489N 
P--0.488 

Mammary Gland: Adenoma, Fibroadenoma, or Adenocarcinoma 

P=0.333N P=0.230 P=0.500N 

Overall rates 19/50 (38%) 14/50 (28%) 22/51 (43%) 16/50 (32%) 
Adjusted rates 52.0% 39.8% 59.9% 38.1% 
Terminal rates 14/31 (45%) 11/31 (35%) 14/28 (50%) 10/35 (29%) 
First incidence (days) 578 376 554 383 
Life table tests P=0.316N Pf0.207N P=0.246 P=0.228N 
Logistic regression tests P=0.422N P=0.216N P=0.290 P=0.322N 
Cochran-Axmitage test P =0.449N 
Fisher exact test Pf0.198N P=0.373 P=0.338N 

Pancreatic Islets: Adenoma 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/31 (0%) 
First incidence (days) - 
Life table tests P=0.039 
Logistic regression tests P=0.036 
Cochran-Armitage test P =0.027 
Fisher exact test 

Pancreatic Islets: Adenoma or Carcinoma 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/31 (0%) 
First incidence (days) - 
Life table tests P=0.048 
Logistic regression tests P-0.044 
Cochran-Armitage test P=0.033 
Fisher exact test 

0/50 (0%) 2/51 (4%) 3/50 (6%) 
0.0% 7.1% 8.2% 
0/31 (0%) 2/7.,8 (7%) 2/35 (6%) 
- 729 (T) 718 
- P=0.216 P--0.148 
- P=0.216 P--0.138 

P=0.252 P=0.121 

0/50 (0%) 3/51 (6%) 3/50 (6%) 
0.0% 10.7% s.2% 
0/31 (0%) 3/28 (11%) 2/35 (6%) 
- 729 (T) 718 
- P=0.103 P=0.148 
- P=0.103 P=0.138 

P=0.125 P=0.121 
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TABLE B 3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  i n  F e m a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Pi tu i t a ry  G land  (Pa r s  Distal is) :  Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

33•50 (66%) 28/49 (57%) 26/50 (52%) 25150 (50%) 
78.1% 66.2% 68.0% 59.3% 
22/31 (71%) 17/31 (55%) 16/28 (57%) 18/'35 (51%) 
531 494 554 638 
P=0.044N P=0.263N P=0.260N P=0.042N 
P=0.044N P=0.286N P--0.159N P=0.056N 
P=0.067N 

P=0.242N P--0.111N P=0.078N 

Skin:  K e r a t o a c a n t h o m a ,  Basa l  Cell Carc inoma,  o r  Squamous  Cell Ca rc inoma  
Overall rates 1/50 (2%) 1/50 (2%) 3/51 (6%) 0/50 (0%) 
Adjusted rates 2.9% 3.2% 9.4% 0.0% 
Terminal rates 0/31 (0%) 1/31 (3%) 1/28 (4%) 0/35 (0%) 
First incidence (days) 702 729 (T) 699 - 
Life table tests P=0.383N P=0.754H P=0.284 P=0.478N 
Logistic regression tests P=0.398N P=0.759 P=0.293 P=0.498N 
Cochran-Armitage test P=0.413N 
Fisher exact test P=0.753N P=0.316 P=0.500N 

Skin  (Subcu taneous  Tissue):  F ib roma  o r  F ib rosa rcoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/50 (6%) 0/50 (0%) 1/51 (2%) 1/50 (2%) 
8.0% 0.0% 2.6% 2.0% 
1/31 (3%) 0/31 (0%) 0/28 (0%) 0/35 (0%) 
666 - 667 530 
P = 0.276N P --0.133N P = 0.329N P = 0.288N 
P = 0.293N P =0.120N P = 0.294N P = 0.308N 
P=0.290N 

P=0.121N P=0.301N P=0.309N 

Thyroid  Gland  (C-cell): Adenoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

4/50 (8%) 0/48 (0%) 7/51 (14%) 1/50 (2%) 
10.6% 0.0% 21.1% 2.9% 
2/31 (6%) 0/29 (0%) 4/28 (14%) 1/35 (3%) 
620 - 614 729 (T) 
P -- 0.306N P = 0.078N P = 0.228 P = 0.165 N 
P=0.334N P=0.064N P=0.258 P=0.182N 
P=0.341N 

P=0.064N P=0.274 P=0.181N 

Thyroid  Gland  (C-cell): Ca rc inoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/50 (2%) 3/48 (6%) 0/51 (0%) 0/50 (0%) 
3.2% 10.3% 0.0% 0.0% 
1/31 (3%) 3/229 (10%) 0/28 (0%) 0/35 (0%) 
729 (T) 729 (T) - - 
P=0.136N P=0.280 P=0.520N P=0.476N 
P=0.136N P=0.280 P=0.520N P=0.476N 
P=0.149N 

P=0.293 P=0.495N P=0.500N 
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TA~L~ B3 
Stat is t ical  Analys is  o f  P r i m a r y  Neop lasms  in F e m a l e  Rats  in the  2-Year 
Chlo r ina t ed  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Thyroid Gland (C-cell): Adenoma or Carcinoma 
Overall rates 5/50 (10%) 3/48 (6%) 7/51 (14%) 1/50 (2%) 
Adjusted rates 13.7% 10.3% 21.1% 2.9% 
Terminal rates 3/31 (10%) 3/29 (10%) 4/28 (14%) 1/35 (3%) 
First incidence (days) 620 729 (T) 614 729 (T) 
Life table tests P=0.120N P=0.400N P=0.332 P=0.091N 
Logistic regression tests P=0.134N P=0.393N P=0.370 P=0.103N 
Cochran-Armitage test P=0.143N 
Fisher exact test P=0.381N P=0.394 P=0.102N 

Thyroid Gland (Follicular Cell): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/50 (6%) 1/48 (2%) 0/51 (0%) 1/50 (2%) 
8.4% 3.4% 0.0% 2.4% 
1/31 (3%) 1/29 (3%) 0/28 (0%) 0/35 (0%) 
667 729 (T) - 669 
P=0.177N P=0.317N P=0.135N P=0.273N 
P=0.188N P=0.330N P=0.123N P=0.307N 
P=0.191N 

Thyroid Gland (Follicular Cell): Adenoma or Carcinoma 

P=0.324N P=0.118N P=0.309N 

Overall rates 3/50 (6%) 1/48 (2%) 1/51 (2%) 1/50 (2%) 
Adjusted rates 8.4% 3.4% 3.6% 2.4% 
Terminal rates 1/31 (3%) 1/29 (3%) 1/28 (4%) 0/35 (0%) 
First incidence (days) 667 729 (T) 729 (T) 669 
Life table tests P=0.214N P=0.317N P=0.334N P=0.273N 
Logistic. regression tests P=0.227N P=0.330N P=0.315N P=0.307N 
Cochran-Armitage test P =0.233N 
Fisher exact test P--0.324N P=0.301N P=0.309N 

Uterus: Stromal Polyp 
Overall rates 10/50 (20%) 
Adjusted rates 24.7% 
Terminal rates 4/31 (13%) 
First incidence (days) 508 
Life table tests P=0.328 
Logistic regression tests P=0.247 
Cochran-Armitage test P=0.233 
Fisher exact test 

All Organs: Mononuclear Leukemia 
Overall rates 8/50 (16%) 
Adjusted rates 20.8% 
Terminal rates 4/31 (13%) 
First incidence (days) 472 
Life table tests P=0.037 
Logistic regression tests P=0.009 
Cochran-Armitage test P=0.011 
Fisher exact test 

9/50 (18%) 9/51 (18%) 13/50 (26%) 
27.1% 30.2% 32.2% 
7/31 (23%) 8/28 (29%) 9/35 (26%) 
722 596 530 
P=0.500N P=0.574N P=0.412 
P =0.509N P--0.488N P=0.297 

P=0.500N P=0.481N P=0.318 

7/50 (14%) 19/51 (37%) 16/50 (32%) 
17.5% 48.1% 37.4% 
2/31 (6%) 9/28 (32%) 9/35 (26%) 
514 329 554 
P=0.513N P=0.014 P=0.102 
P=0.445N P=0.020 P=0.045 

P--0.S00N P=0.014 P--0.050 
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TABLE B3 

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  F e m a l e  R a t s  in  t h e  2 - Y e a r  

C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

All Organs:  Benign Tumors  
Overall rates 45/50 (90%) 40150 (80%) 41/51 (80%) 39/50 (78%) 
Adjusted rates 95.7% 90.7% 91.1% 84.6% 
Terminal rates 29/31 (94%) 27/31 (87%) 24/28 (86%) 28/35 (80%) 
First incidence (days) 508 376 554 383 
Life table tests Pffi0.068N Pffi0.261N P=0.513N Pffi0.058N 
Logistic regression tests P=0.073N P=0.172N P=0.265N P=0.078N 
Cochran-Armitage test P=0.106N 
Fisher exact test P=0.131N Pffi0.141N P=0.086N 

All Organs:  Mal ignant  Tumors  
Overall rates 16/50 (32%) 12/50 (24%) 22/51 (43%) 20/50 (40%) 
Adjusted rates 40.6% 31.1% 54.6% 44.8% 
Terminal rates 9/31 (29%) 6/31 (19%) 11/28 (39%) 11/35 (31%) 
First inddence (days) 472 514 329 530 
Life table tests P=0.218 P=0.279N P=0.131 P=0.408 
Logistic regression tests P=0.098 P=0.248N P=0.194 P=0.249 
Cochran-Armitage test P=0.105 
Fisher exact test P=0.2521q P=0.171 P=0.266 

All Organs:  Benign and Mal ignant  Tumors  
Overall rates 48150 (96%) 46150 (92%) 46151 (90%) 43/50 (86%) 
Adjusted rates 96.0% 93.9% 93.8% 87.7% 
Terminal rates 29/31 (94%) 28/31 (90%) 25/28 (89%) 29/35 (83%) 
First incidence (days) 472 376 329 383 
Life table tests P=0.085N P=0.461N P=0.476 P=0.090N 
Logistic regression tests P=0.054N P=0.346N P=0.237N P=0.091N 
CoChran-Armitage test P=0.056N 
Fisher exact test P=0.339H P=0.226N P=0.080N 

~T)Terminal sacrifice 
Number of tumor-beating animals/number of animals examined. Denominator is number of animals examined microscopically 
for adrenal gland, bone marrow, brain, clitoral gland, epididymis, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, 
ovary, pancreas, parathyroid gland, pituitary gland, prrepu[ial gland, prostate gland, sa!iva~y gland, spleen, testes, thyroid gland, 

b and urinary bladder; for other tissues, denominator is number of animals necropsied. 
KaplanzMeier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 

c Observed incidence at terminal kill 
d Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dose group columns are the P values 

corresponding to pairwise comparisons between the controls and that dose group. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these 
lesions as nonfatal. The Cochran-Armitagc and Fisher Exact tests compare d!rectly the overall incidence rates. For all tests, a 
negative trend or a lower incidence in a dose group is indicated by N. 

e Not applicable; no tumors in animal group 



Lesions in Female Rats 149 

TAttLE B4a 
Historical Incidence of Leukemias in Untreated Female F344/N Rats a 

Study Incidence in Controls 

Historical Incidence at Southern Research Institute 

Feed 
Nitrofurantoin 13/50 (26%) 
Rhodamine 6G 11/50 (22%) 
Roxarsone 14/50 (28%) 

Total 38/150 (25%) 
Standard deviation 3.1% 
Range 22%-28% 

Water 
Chloramine 8/50 (16%) 

Overall Historical Incidence 

Feed 

Total 
Standard deviation 
Range 

Water 

Total 
Standard deviation 
Range 

1~4/5oo (25%) 
6.1% 

14%-36% 

~ (~%) 
8.5% 

16%-33% 

a Data as of 15 September 1990; includes data for lymphocytic, monocytic, mononuclear cell, and undifferentiated leukemias. 
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TASLE B4b 
Histor ical  Inc idence  of Pancrea t i c  Islet  Neoplasms in  Un t rea ted  Female  F344/N Rats  a 

Incidence in Controls 
Study Adenoma Carcinoma Adenoma or 

Carcinoma 

Historical Incidence at Southern Research Institute 

Feed 
Nitrofurantoin 0/50 (0%) 1/50 (2%) 1/50 (2%) 
Rhodamine 6G 2/48 (4%) 1/48 (2%) 3/48 (6%) 
Roxarsone 1/50 (2%) 0/50 (0%) 1/50 (2%) 

Total 3/148 (2%) 2/148 (1%) 5/148 (3%) 
Standard deviation 2.0% 1.2% 2.3% 
Range 0%-4% 0%-2% 2%-6% 

Water 
Chloramine 0/50 (0%) 0/50 (0%) 0/50 (0%) 

Overall Historical Incidence 

Feed 

Total 
Standard deviation 
Range 

Water 

Total 
Standard deviation 
Range 

7/492 (1%) 31492 (1%) 10/492 (2%) 
1.4% 1.0% 1.6% 

0%-4% 0%-2% 0%-6% 

4/180 (2%) 0/180 (0%) 4/180 (2%) 
2.0% 2.0% 

0%-4% 0%-4% 

a Data as of 15 September 1990 
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TABLE B5 
S u m m a r y  o f  the  Inc idence  o f  Nonneoplas t ic  Lesions in  Female  Rats  
in  the 2-Year Ch lo r ina ted  Wa te r  Study 

0 ppm 70 ppm 140 ppm 275 ppm 

Disposition Summary 
Animals initially in study 
14-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 

Survivors 
Terminal sacrifice 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
10 10 9 10 

3 1 4 1 
16 18 19 14 

31 31 28 35 

50 50 51 50 

Alimentary System 
Intestine large, cecum 

Parasite metazoan 
Intestine large, colon 

Cyst 
Parasite metazoan 

Intestine large, rectum 
Parasite metazoan 

Intestine small, ileum 
Fibrosis 
Ulcer 

Liver 
Angiectasis 
Atrophy, focal 
Basophilic focus 
Congestion 
Fatty change 
Fibrosis, focal 
Focal cellular change 
Granuloma 
Hematopoietic cell prroliferation 
Hemorrhage 
Hepatodiaphragmatic nodule 
Hyperplasia, histiocyte, lymphoid 
Hyperplasia, multifocal 
Infiltration cellular, mixed cell 
Inflammation, focal 
Necrosis, focal 
Thrombus 
Bile duct, hyperplasia 
Biliary tract, fibrosis 
Centrilobular, atrophy 
Centrilobular, necrosis 

Mesentery 
Accessory spleen 
Angiectasis 
Hemorrhage 
Infiltration cellular, lymphocytic 
Inflammation, chronic 
Fat, necrosis 

(50) (50) (51) (50) 
1 (2%) 1 

(50) (50) (51) (50) 
1 (2%) 

1 (2%) 2 (4%) 3 
(50) (50) (50) (50) 

4 (8%) 5 (10%) 4 (8%) 1 
(50) (50) (51) (50) 

I (2%) 
1 (2%) 

(50) (50) (51) (50) 
3 (6%) 2 (4%) 3 (6%) 1 

1 
I (2%) 
3 (6%) 1 (2%) 2 (4%) 
10 (20%) 19 (38%) 11 (22%) 9 
1 (2%) 

36 (72%) 38 (76%) 36 (71%) 35 
39 (78%) 39 (78%) 36 (71%) 31 
6 (12%) 2 (4%) 1 (2%) 1 
1 (2%) 

10 (20%) 9 (18%) 7 (14%) 12 
1 (2%) 2 (4%) 
7 (14%) 8 (16%) 9 (18%) 14 
4 (8%) 8 (16%) 6 (12%) 6 

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

1 (2%) 
34 (68%) 42 (84%) 37 (73%) 41 
28 (56%) 31 (62%) 29 (57%) 32 
4 (8%) 5 (10%) 9 (18%) 12 

1 (2%) I (2%) 
(10) (6) (9) (10) 

1 (10%) 
1 (11%) 

1 
1 (10%) 
5 (50%) 2 (33%) 1 (11%) 2 
2 (20%) 2 (33%) 3 (33%) 

(2%) 

(6%) 

(2%) 

(2%) 
(2%) 

(18%) 

(70%) 
(62%) 
(2%) 

(24%) 

(28%) 
(12%) 
(2%) 

(82%) 
(64%) 
(24%) 

(lO%) 

(20%) 
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TABLE BS 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 2-Year Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Alimentary System (continued) 
Pancreas 

Atrophy, focal 
Cytoplasmic alteration 
Inflammation, chronic 
Acinar cell, hyperplasia 

Salivary glands 
Atrophy 
Focal cellular change 
Inflammation, chronic 

Stomach, forestomach 
Divertieulum 
Edema 
Erosion 
Inflammation, chronic 
Perforation 
Ulcer 
Muc~a, hyperplasia, papillary 

Stomach, glandular 
Edema 
Erosion 
Inflammation, chronic 
Necrosis 
Ulcer 
Mucosa, cyst 

Tooth 
Dysplasla 
Inflammation, suppurative 

(50) (5o) 
6 (12%) 7 (14%) 
1 (2%) 

(49) (50) 

1 (2%) 
1 (2%) 

(50) (50) 

1 (2%) 
1 (2%) 
7 (14%) 3 (6%) 
2 (4%) 
6 (12%) 3 (6%) 
9 (18%) 4 (8%) 

(50) (50) 

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

1 (2%) 
1 (2%) 

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

(51) (50) 
8 (16%) 9 (18%) 

1 (2%) 
1 (2%) 

(51) 

(51) 
1 

3 

1 
3 

(51) 
1 

2 

(2%) 

(5o) 
1 (2%) 
1 (2%) 

(5o) 

(6%) 1 (2%) 

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

(50) 
(2%) 

(4%) 1 (2%) 

i (2%) 
(1) 

Cardiovascular System 
Blood vessel 

Mesenteric artery, aneurysm 
Mesenteric artery, inflammation, chronic 
Mesenteric artery, thrombus 
Thoracic, inflammation, chronic 

Heart 
Dilatation 
Inflammation, chronic 
Thrombus 
Artery, inflammation, chronic 
Pericardium, edema 

(5o) 

1 (2%) 

(5) 

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

(50) 

I (2%) 

(1) 
1 
1 
1 

(51) 

(lOO%) 
(lOO%) 
(lOO%) 

(1) 

1 (100%) 

(50) 
1 (2%) 

(2%) 

(2%) 

Endocrine System 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
Angiectasis 
Congestion 
Focal cellular change 
Metaplasia, osseous 
Vacuolization cytoplasmic 

(5o) 
I 

I 
16 

1 

(2%) 

(2%) 
(32%) 

(2%) 

(49) 

16 03%) 
1 (2%) 
3 (6%) 

(51) 

3 

18 

(6%) 

(35%) 

(5o) 
1 
1 
2 
14 

(2%) 
(2%) 
(4%) 
(2s%) 
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TABIJ~ B5 
Summary  of the Inc idence  of  Nonneoplastic Lesions in Female Rats  
in the 2-Year Chlorinated Water  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Endocrine System (continued) 
Adrenal gland, medulla 

Anglectasis 
Hematopoietic cell proliferation 
Hyperplasia 

Islets, pancreatic 
Hyperplasia 

Pituitary gland 
Anglectasis 
Atrophy 
cyst 
Pars distalis, hyperplasia, focal 

Thyroid gland 
Degeneration, cystic 
Fibrosis 
Ultimobranchial cyst 
C-cell, hyperplasia 
Follicle, cyst 
Follicular cell, hyperplasia 

(50) (49) (51) (50) 
1 (2%) 
1 (2%) 

5 (10%) 3 (6%) 8 (16%) 2 (4%) 
(50) (50) (51) (50) 

1 (2%) 
(50) (49) (50) (50) 
38 (76%) 42 (86%) 36 (72%) 40 (80%) 

1 (2%) 
3 (6%) 2 (4%) 1 (2%) 6 (12%) 
6 (12%) 9 (18%) 9 (18%) 9 (18%) 

(50) (48) (51) (50) 
3 (6%) 2 (4%) 

1 (2%) 
1 (2%) 1 (2%) 
7 (14%) 9 (19%) 11 (22%) 12 (24%) 
1 (2%) 1 (2%) 1 (2%) 
2 (4%) 1 (2%) 1 (2%) 1 (2%) 

General Body System 
None 

Genital System 
Clitoral gland (48) (50) (50) (50) 

Degeneration, cystic I (2%) I (2%) 1 (2%) 
Fibrosis 1 (2%) 
Hyperplasia 3 (6%) 2 (4%) 3 (6%) 7 (14%) 
Inflammation, suppurative 11 (23%) 5 (10%) 5 (10%) 6 (12%) 

Ovary (50) (50) (51) (50) 
Corpus luteum, proliferation 1 (2%) 
Corpus luteum, thecal ceil, hyperplasia 1 (2%) 
Follicle, cyst 2 (4%) 4 (8%) 2 (4%) 6 (12%) 
Periovarian tissue, cyst I (2%) 2 (4%) I (2%) 

Oviduct (I) 
Dilatation I (100%) 

Uterus (50) (50) (51) (50) 
Angiectasis 1 (2%) 
Cyst 1 (2%) 
Hemorrhage 2 (4%) 1 (2%) 2 (4%) 
Hydrometra 2 (4%) 4 (8%) 3 (6%) 2 (4%) 
Inflammation, suppurative 1 (2%) 
Intussusception 1 (2%) 
Prolapse 1 (2%) 
Endometrium, hyperplasia, cystic 26 (52%) 33 (66%) 37 (73%) 27 (54%) 

Vagina (8) (14) (13) (11) 
Cyst 6 (75%) 9 (64%) 7 (54%) 7 (64%) 
Exudate, mucous 1 (8%) 1 (9%) 
Inflammation, suppurative 2 (25%) 10 (71%) 5 (38%) 2 (18%) 
Mucosa, hyperplasia 1 (7%) 
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TABLE B$ 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 2-Year Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Hematopoietic System 
Bone marrow (50) (50) (51) (50) 

Hypercellularity 4 (8%) 4 (8%) 7 (14%) 5 (10%) 
Myelofibrosis 1 (2%) 1 (2%) 1 (2%) 

Lymph node (50) (50) (51) (50) 
Inguinal, hyperplasla 1 (2%) 
Inguinal, inflammation, suppurative 1 (2%) 
Mediastinal, angiectasis 3 (6%) 3 (6%) 7 (14%) 5 (10%) 
Mediastinal, hyperplasia 1 (2%) 
Medlastinal, hyperplasia, histiocyte 1 (2%) 1 (2%) 
Mediastinal, hyperplasia, lymphoid 1 (2%) 1 (2%) 
Pancreatic, angiectasis 1 (2%) 1 (2%) 
Pancreatic, hyperplasia 1 (2%) 
Pancreatic, hyperplasia, lymphoid 1 (2%) 1 (2%) 
Renal, angiectasis 1 (2%) 1 (2%) 

Lymph node, mandibular (48) (50) (51) (49) 
Angiectasis 3 (6%) 2 (4%) 2 (4%) 
Hyperplasia 5 (10%) 1 (2%) 1 (2%) 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 
Inflammation, suppurative 1 (2%) 

Lymph node, mesenterie (49) (49) (49) (49) 
Angiectasis 2 (4%) 1 (2%) 2 (4%) 3 (6%) 
Hyperplasia, histiocyte 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

Spleen (50) (50) (51) (50) 
Amyloid deposition 1 (2%) 
Congestion 1 (2%) 
Fibrosis 4 (8%) 4 (8%) 
Hematopoieticcell proliferation 12 (24%) 9 (18%) 5 (10%) 5 (10%) 
Hemorrhage 1 (2%) 1 (2%) 
Hyperplasla, histiocyte, lymphoid 2 (4%) 6 (12%) 5 (10%) 8 (16%) 
Necrosis, focal 1 (2%) 
Capsule, hyperplasia, histiocyte, lymphoid 1 (2%) 
Capsule, inflammation, chronic 1 (2%) 

Thymus (49) (47) (50) (50) 
Cyst 1 (2%) 4 (8%) 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 1 (2%) 
Inflammation, suppurative 1 (2%) 

Integumentary System 
Mammary gland 

Dilatation 
Fibrosis 
Hyperplasia 

Skin 
Abscess 
Erosion 
Hyperplasia, squamous 
Inflammation, chronic 
Ulcer 
Sebaceous gland, hyperplasia 

(50) (50) (51) 
40 (80%) 43 (86%) 40 (78%) 

1 (2%) 
3 (6%) 5 (10%) 1 (2%) 

(50) (50) (51) 
i (2%) 

i (2%) 
1 (2%) 

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

1 (2%) 

(5o) 
42 

7 
(50) 

2 

(54%) 

(14%) 

(4%) 
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TAmJ~ B5 
Summary  of the Incidence of Nonneoplastic Lesions in Female Rats  
in the 2-Year Chlorinated Water  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Musculoskeletal System 
Bone (50) (50) 

Hypereatosis 9 (18%) 10 (20%) 
(51) 

13 (25%) 
(50) 

4 (8%) 

Nervous System 
Brain 

Compression 
Hemorrhage 
Hydrocephalus 
Mineralization, focal 
Necrosis 

Spinal cord 
Hemorrhage 

(48) (50) 
11 (23%) 12 (24%) 

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

(51) 
7 (14%) 
4 (8%) 

I (2%) 
(1) 
1 (100%) 

(50) 
8 (16%) 

Respiratory System 
Lung 

Congestion 
Foreign body 
Hemorrhage 
Hyperplasia, macrophage 
Infiltration cellular, mixed cell 
Inflammation, chronic, focal 
Inflammation, pyogranulomatous 
Alveolar epithelium, hyperplasia 

Nose 
Foreign body 
Fungus 
Hemorrhage 
Inflammation, suppurative 

(50) (50) (51) 
2 (4%) 

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

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

(50) (50) (51) 
1 (2%) 1 (2%) 
3 (6%) 3 (6%) 3 (6%) 

2 (4%) 
3 (6%) 7 (14%) 4 (8%) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 

2 (4%) 
(50) 

2 (4%) 

2 (4%) 

Special Senses System 
Ear 

Pinna, hemorrhage 
Pinna, inflammation, chronic 

Eye 
Atrophy 
Cataract 
Cornea, inflammation, chronic 
Retina, degeneration 

Harderian gland 
Hyperplasia, lymphoid 

(1) (2) 

(3) (5) 
1 (20%) 

3 (100%) 4 (80%) 

2 (67%) 4 (so%) 

(1) 
1 (I00%) 
i (lOO%) 

(2) 

1 (50%) 

2 (100%) 

(2) 

1 (50%) 
1 (50%) 
I (50%) 

(1) 
1 (100%) 
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TABLE B5 
Summary  of  the Incidence of  Nonneoplast ic  Lesions in Female Rats 
in the 2.Year Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Urinary System 
Kidney (50) (50) (51) 

Atrophy 
Congestion 1 
Fibrosis ~ (2%) 3 
Inflammation, suppurative 1 (2%) 1 
Mineralization 2 (4%) 2 (4%) 2 
Nephropathy 46 (92%) 45 (90%) 47 
Pigmentation 2 
Pelvis, transitional epithelium, hyperplasia 
Renal tubule, degeneration, hyaline 1 
Renal tubule, vacuolization cytoplasmic 1 (2%) 

Urinary bladder (50) (50) (50) 
Transitional epithelium, hyperplasia 1 (2%) 

(50) 
~ (2%) 

(2%) 
(6%) 
(2%) i (2%) 
(4%) ~ (2%) 
(92%) 49 (98%) 
(4%) 

(2%) 
I (2%) 

(50) 
1 (2%) 
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TABLE C l  
S u m m a r y  of  the  Incidence  of  Neoplasms in Male Rats  in the  2-Year 
Chloramina ted  W a t e r  Study 

0 ppm $0 ppm 100 ppm 200 ppm 

Disposition Summary 
Animals initially in study 
14-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 

Survivors 
Terminal sacrifice 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
9 10 9 10 

3 1 3 1 
34 27 34 33 

14 22 14 16 

51 50 51 50 

Alimentary System 
Esophagus (51) (50) (51) (50) 

Carcinoma, metastatic, thyroid gland 1 (2%) 
Intestine large, cecum (51) (50) (50) (50) 
Intestine large, colon (51) (50) (51) (49) 
Intestine large, rectum (51) (50) (50) (49) 

Adenocarcinoma 1 (2%) 
Intestine small, ileum (51) (50) (51) (49) 
Intestine small, jejunum (51) (50) (51) (49) 

Adenoearcinoma 1 (2%) 
Liver (51) (50) (51) (50) 

Hepatocellularadenoma 2 (4%) 4 (8%) 2 (4%) 
Mesentety (31) (15) (15) (24) 

Osteosarcoma, metastatic, bone 1 (3%) 
Pancreas (51) (50) (51) (50) 

Acinarcell, adenoma 4 (8%) 5 (10%) I (2%) 2 
Acinar cell, adenoma, multiple 1 (2%) 

Pharynx (1) 
Palate, papilloma squamous 1 (100%) 

Salivary glands (51) (50) (51) (50) 
Stomach, forestomach (51) (50) (51) (49) 

Papilloma squamous 1 (2%) 
Stomach, glandular (51) (50) (51) (49) 
Tongue (1) 

Papilloma squamous 1 (100%) 

(4%) 

Cardiovascular System 
Heart 

Schwannoma malignant 
(51) (50) (51) (50) 

1 (2%) 

Endocrine System 
Adrenal gland, cortex 

Adenoma 
Osteosarcoma, metastatic, bone 

Adrenal gland, medulla 
Pheochromocytoma malignant 
Pheochrromocytoma benign 
Bilateral, pheochromocytoma benign 

(51) (5o) (51) 
1 (2%) 

1 (2%) 
(51) (50) (51) 

2 (4%) 
11 (22%) 16 (32%) 17 (33%) 
12 (24%) 19 (38%) 10 (20%) 

(50) 

(50) 

14 (28%) 
8 (16%) 
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TABLE C1 
S u m m a r y  of  the  Incidence  of  Neoplasms in Male Rats  in the  2-Year 
Chloramina ted  Wate r  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Endocrine System (continued) 
Islets, pancreatic 

Adenoma 
Carcinoma 

Pituitary gland 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma 

(51) (50) (51) (50) 
5 (10%) 5 (IO~) 5 (10%) 10 (20%) 
2 (4%) 1 (2%) 1 (2%) 

(50) (50) (51) (50) 
20 (40%) 29 (58%) 22 (43%) 19 (38%) 

(51) (50) (51) (50) 
6 (12%) 2 (4%) 3 (6%) 3 (6%) 
I (2%) 2 (4%) 1 (2%) 

General Body System 
None 

Genital System 
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 
Sarcoma, metastatic 
Bilateral, carcinoma 

Prostate 
Sarcoma, metastatic 

Seminal vesicle 
Testes 

Osteosarcoma, metastatic, bone 
Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

(51) 
(50) 

3 
1 

(51) 

(51) 
(51) 

1 
26 
7 

(50) (51) (50) 
(50) (51) (50) 

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

1 (2%) 
1 (2%) 

(5O) (51) (50) 
1 (2%) 

(50) (51) (50) 
(50) (51) (50) 

(2%) 
(51%) 30 (60%) 30 (59%) 32 (64.%) 
(14%) 14 (28%) 8 (16%) II (22%) 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Histiocyfie sarcoma 
Osteosarcoma, metastatic, bone 
Sarcoma 

Thymus 

(51) 
(51) 
(51) 
(51) 
(51) 

1 

(46) 

(2%) 

(50) (51) (50) 
(50) (51) (50) 
(50) (51) (49) 
(49) (51) (50) 
(50) (51) (50) 

1 (2%) 1 

1 (2%) 
(46) (48) (49) 

(2%) 

Integumentary System 
Mammary gland 

Adenocarcinoma 
Adenoma 
Fibroadenoma 

(48) (48) (49) (49) 
1 (2%) 

1 (2%) 
2 (4%) 1 (2%) 1 (2%) 2 (4%) 
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TASL~ C1 
Summary of the Incidence of Neoplasms in Male Rats in the 2-Year 
Chioraminated Water Study (continued) 

0 ppm ~ ppm 100 ppm 200 ppm 

Integumentary System (continued) 
Skin 

Basal cell adenoma 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 
Trichoepithclioma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, fibrous histiocytoma 
Subcutaneous tissue, lipoma 
Subcutaneous tissue, lymphangiosarcoma 

(51) (50) (51) (50) 
1 (2%) 

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

1 (2%) 1 (2%) 
4 (8%) 2 (4%) 5 (10%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

Musculoskeletal System 
Bone 

Ostcosarcoma 
Skeletal muscle 

Hindlimb, sarcoma, metastatic 

(51) (50) (51) (50) 
1 (2%) 

(1) (1) 
1 (10o%) 

Nervous System 
Brain 

Glioma malignant 
(51) (50) (51) (50) 

1 (2%) 

Respiratory System 
Larynx 

Carcinoma, metastatic, thyroid gland 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, thyroid gland 
Osteosarcoma, metastatic, bone 
Mediastinum, osteosarcoma, metastatic, bone 

Nose 
Trachea 

Carcinoma, metastatic, thyroid gland 

(51) (50) 
I (2%) 4 (8%) 

1 (2%) 

1 (2%) 
1 (2%) 

(51) (so) 
(51) (50) 

(1) 
1 

(51) 
(lOO%) 

(51) 
(51) 

1 

1 (2%) 

(2%) 

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

(5o) 
(50) 

Special Senses System 
Ear 

Pinna, papilloma squamous 
Zymbars gland 

Carcinoma 

(1) (2) 
1 (50%) 

(1) 
1 (lOO%) 

(1) 
1 (lOO%) 

Urinary System 
Kidney (51) (50) (51) 

Ostcosarcoma, metastatic, bone 1 (2%) 
Renal tubule, adenoma 1 

Urinary bladder (51) (50) (51) 
Sarcoma, metastatic 

(2%) 

(5o) 

(50) 
1 (2%) 
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TABLE C1 
Summary of the Incidence of Neoplasms in Male Rats in the 2-Year 
Chloraminated Water Study (continued) 

, .  

0 ppm 50 ppm 100 ppm 200 ppm 

Systemic Les ions  
Multiple organs a 

Histiocytic sarcoma 
Leukemia mononuclear 
Mesothelioma malignant 

(51) (50) (51) (50) 
1 (2%) I (2%) 

25 09%) 26 (52%) 29 (57%) 30 (60%) 
I (2%) 2 (4%) 1 (2%) 

T u m o r  S u m m a r y  
Total animals with primary neoplasms b 

Total primary neoplasms 
Total animals with benign neoplasms 

Total benign neoplasms 
Total animals with malignant neoplasms 

Total malignant neoplasms 
Total animals with secondary neoplasms c 

Total secondary neoplasms 

50 50 51 50 
144 176 154 152 
47 50 50 49 
105 144 114 113 
31 28 37 36 
39 32 40 39 

1 1 1 
7 4 4 

a The number in parentheses is the number of animals with any tissue examined microscopically. 
b Primary tumors: all tumors except metastatic tumors 
¢ Secondary tumors: metastatic tumors or tumors invasive to an adjacent organ 
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TA~L~ C2 
Individual Animal Tumor Pathology of Male Rats in the 2.Year 
Chloraminated Water Study: 0 ppm 

Number  of  Days  on Study 
3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  

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

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

C a r c a s s  I D  N u m b e r  

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

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

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

Alimentary System 
E s o p h a g u s  

In te s t ine  l a r g e  
In te s t ine  large ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  r e c t u m  

A d e n o c a r c i n o m a  
In tes t ine  smal l  
In te s t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  

A d e n o c a r c i n o m a  
L ive r  

H e p a t o c e l l u l a r  a d e n o m a  

M e s e n t e ~  
O s t e o s a r c o m a ,  me ta s t a t i c ,  

b o n e  
P a n c r e a s  

A c i n a r  cell,  a d e n o m a  
Sa l ivary  g l a n d s  
S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  

S t o m a c h ,  g l a n d u l a r  
T o o t h  

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

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

+ + + + + + + + + + + + + + + + + + + ÷ + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + ÷ + + + + 

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

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

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

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

+ 

X 
÷ + + + + + + + + + + + + + 

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

+ 

C a r d i o v a s c u l a r  S y s t e m  

B l o o d  vessel  
H e a r t  

+ + 
+ + + + + + + + + + + + + ÷ + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  

A d r e n a l  g l a n d  
A d r e n a l  g l and ,  c o r t e x  

O s t e o ~ a r c o m a ,  me tas t a t i c ,  
b o n e  

A d r e n a l  g l and ,  m e d u l l a  
P h e o c h r o m o c y t o m a  m a l i g n a n t  

P h e o c h r o m o c y t o m a  b e n i g n  
Bi la te ra l ,  p h e o c h r o m o c y t o m a  

b e n i g n  
Islets, p a n c r e a t i c  

A d e n o m a  
C a r c i n o m a  

+ + + + + + + + + + + + + + + + + + + + + + + + + ÷ 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

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

x X 

X X X X  
+ + + + + + + + + + + + + + + + + + + + ÷ + + + + + 

X 

+ :  T i s sue  e x a m i n e d  m i c r ~ o p i c a l l y  M: Miss ing  t i s sue  X:  L e s i o n  p r e s e n t  
A:  Au to ly s i s  p r e c l u d e s  e x a m i n a t i o n  I: Insuf f ic ien t  t i ssue  Blank:  N o t  e x a m i n e d  
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T A n L E  C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

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

0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1  T o t a l  

5 3 2 9 3 2 1 3 3 9 1 2 2 3 1 1 4 4 5 9 0 0 1 3 3 T ~ u ~  

4 2 4 3 5 5 3 3 4 4 4 4 5 5 4 5 4 5 5 5 4 5 5 3 4  T u m o r  

A l i m e n t a r y  S y s t e m  

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 

Adenoearcinoma 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Adenocarcinoma 
Liver 

Hepatocellular  adenoma 
Mesentery 

Osteosarcoma, metastatic, 
bone 

Pancreas 
Acinar  cell, adenoma 

Salivary glands 
Stomach 
Stomach, forrestomach 
Stomach, glandular 
Tooth 

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

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

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

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

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

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

51 
51 
51 
51 
51 
1 

51 
51 
51 
51 

1 
51 
2 

31 

1 
51 
4 

51 
51 
51 
51 
2 

C a r d i o v a s c u l a r  S y s t e m  

Blood vessel 
Heart  

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

5 
51 

E n d o c r i n e  S y s t e m  

Adrenal  gland 
Adrenal gland, cortex 

Ostcosarcoma, metastatic, 
bone 

Adrenal gland, medulla 
Phcochromocytoma malignant 
Phcochromocyloma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Carcinoma 

+ + + + + + + + + + + + + + + + + + + + + ÷ + + + 
+ + + + + + + + + ÷ + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + ÷ + + + + + + + + + 

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 

51 
51 

1 
51 
2 

11 

12 
51 
5 
2 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  

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

C a r c a s s  I D  N u m b e r  

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

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

E n d o c r i n e  S y s t e m  (continued) 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-cell, carcinoma 

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

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

X X  X 
X 

G e n e r a l  Body  S y s t e m  

None 

G e n i t a l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Osteosareoma, metastatic, 
bone 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

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

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

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

X 

X X X X X  X X 
X X X X 

H e m a t o p o i e U c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Osteosarcoma, metastatic, 
bone 

Thymus 

+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + +  ~ + + + +  + + + + + 
+ + + + + + + + + + + + + 

+ + + + M + + + +  
X 

+ + M +  

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

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

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Adenoma 
Fibroadenoma 

Skin 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carrcinoma 
Subcutaneous tissue, 

fibrosarcoma 
Subcutaneous tissue, l ipoma 

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

X 

X 

X 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 . Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  

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

C a r c a s s  I D  N u m b e r  

0 0 1 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1  
0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 T o n i  

5 3 2 9 3 2 I 3 3 9 1 2 2 3 1 1 4 4 5 9 0 0 1 3 3 T ~ u ~  
4 2 4 3 5 5 3 3 4 4 4 4 5 5 4 5 4 5 5 5 4 5 5 3 4 T u m o ~  

E n d o c r i n e  Sys t em  (continued) 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-cell, carcinoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + M +  + + + + + + + + + + 50 

X X  X X X  X X X ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

X X X 6 
1 

Gene ra l  Body Sys t em  
None 

Geni ta l  Sys t em 
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Osteosarcoma, metastatic, 
bone 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

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

X X 

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

51 
50 
3 
1 

51 
51 
51 

X X  X X X  X X X  X X  X X  X X X  X X X X  ~ 
X X X 7 

Hema topo i e t i c  Sys t em  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Osteosarcoma, metastatic, 
bone 

Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

+ + + M + + + + + M + + + + + + + + + + + + + + +  
1 

I n t e g u m e n t a r y  Sys t em  
Mammm T gland 

Adenoma 
Fibroadenoma 

Skin 
Keratoacanthoma 
Papilloma squamous 
Squamous cell carcinoma 
Subcutaneous tissue, 

fibrosareoma 
Subcutaneous tissue, lipoma 

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

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

X X X 
X 

X 

48 
1 
2 

51 
3 
1 
1 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Male  R a t s  i n  t h e  2-Year 
C h i o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

Number of Days on Study 
3 3 4 4 4 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  
1 6 4 5 6 1 1 3 3 4 6 7 7 9 9 9 0 0 1 1 2 3 5 5 6 7  
5 1 6 1 5 3 6 7 9 1 9 0 8 1 8 8 5 6 8 8 6 8 2 9 7 4  

C a r c a s s  I D  N u m b e r  

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

Muscu loske l e t a l  Sys t em  
Bone 

Osteosarcoma 

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

X 

N e r v o u s  Sys t em  
Brain 

Glioma malignant 

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

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Osteo~arcoma, metastatic, 

bone 
Mediastinum, osteosarcoma, 

metastatic, bone 
Nose 
Trachea 

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

X 

X 

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

Special  S e n s e s  Sys t em  
Ear 
Eye 
Zymbal's gland 

Carcinoma 

+ 

X 

+ + + 

U r i n a r y  S y s t e m  
Kidney 

Osteosarcoma, metastatic, 
bone 

Urethra 
Urinary bladder 

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

X 

+ + + + + + + + + + + + + + + + + + ÷ + + + + + + + 

Sys temic  Les i ons  
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

X X  X X X  X X X  X 
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TABtJ~ C2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year 
Chioraminated Water Study: 0 ppm (continued) 

N u m b e r  o f  Days  on  S tudy  

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

C a r c a s s  ID  N u m b e r  

0 0 1 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1  
0 0 1  0 I 1 0 0 0 0 1  0 0 0 0 0 0 0 0 0 1 1  1 1 1 T o n i  

5 3 2 9 3 2 1  3 3 9 1  2 2 3 1  1 4 4 5 9 0 0 1  3 3 T ~ u ~  

4 2 4 3 5 5 3 3 4 4 4 4 5 5 4 5 4 5 5 5 4 5 5 3 4  T u m o r  

Muscu loske le t a l  Sys t em 
Bone 

Osteosarcoma 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 

1 

N e r v o u s  S y s t e m  
Brain 

Giioma malignant 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
X 1 

R e s p i r a t o r y  Sy s t em  
Lung 

Alveolar/bronchiolar adenoma 
Osteosarcoma, metastatic, 

bone 
Mediastinum, osteo~arcoma, 

metastatic, bone 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
1 

1 
+ + + +  + + +  + + + +  + + + +  + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

Special  S e n s e s  Sys t em  
Ear 
Eye 
Zymbal's gland 

Carcinoma 

+ 
+ ÷ 

U r i n a r y  Sys t em 
Kidney 

Osteosarcoma, metastatic, 
bone 

Urethra 
Urinary bladder 

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

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

51 

1 
1 

51 

Sys temic  Les ions  
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 

÷ ÷ + ÷ ÷ + ÷ + + ÷ ÷ + ÷ ÷ + + ÷ + + ÷ ÷ + ÷ + + 

X X X X  X X X X X X X X X X X X  
X 

51 
25 
I 
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TAnIJ~ C2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year 
Chloraminated Water Study: 50 ppm 

N u m b e r  o f  D a y s  o n  S t u d y  

4 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7  

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

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

C a r e a g g  I D  N u m b e r  

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

2 3 2 2 3 2 2 3 2 2 2 3 3 3 2 2 3 2 2 2 3 3 2 2 3  

6 0 6 5 0 4 3 3 4 2 5 4 2 3 5 3 4 3 4 2 2 3 3 6 0  

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

A l i m e n t a r y  S y s t e m  

E s o p h a g u s  + + + + + + 
In tes t ine  l a rge  + + + + + + 
In tes t ine  la rge ,  c e c u m  + + + + + + 
In tes t ine  la rge ,  c o l o n  + + + + + + 
In tes t ine  la rge ,  r e c t u m  + + + + + + 
In tes t ine  smal l  + + + + + + 
In tes t ine  smal l ,  d u o d e n u m  + + + + + + 
In tes t ine  smal l ,  i l eum + + + + + + 
In tes t ine  smal l ,  j e j u n u m  + + + + + + 

L ive r  + + + + + + 
H e p a t o c e l l u l a r  a d e n o m a  

M e s e n t e r y  + + + 
P a n c r e a s  + + + + + + 

A c i n a r  cell,  a d e n o m a  
A c i n a r  cell,  a d e n o m a ,  mul t ip l e  

Sal iva W g l a n d s  
S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  

S t o m a c h ,  g landulai -  

C a r d i o v a s c u l a r  S y s t e m  

+ + + ÷ + + + + + + + + + + + + + + + 

+ + + + + + + + + ÷ + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + 
+ + + + + + + + ÷ + + + + + + + + + ÷ 
+ + + + + + + + ÷ + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + 
+ + + + + + + ÷ + + + + + + + ÷ ÷ + + 
+ + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + ÷ + 

X 
+ +  + +  + + +  + 

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

+ + + + + + + + + + + + + + ÷ + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + ÷ + ÷ + + + + + ÷ + + ÷ + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

B l o o d  vessel  
H e a r t  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  

A d r e n a l  g l a n d  
A d r e n a l  g l and ,  co r t ex  
A d r e n a l  g land ,  m e d u l l a  

P h e o c h r o m o c y t o m a  b e n i g n  

Bi la te ra l ,  p h e o c h r o m o c y t o m a  
b e n i g n  

Islets,  p a n c r e a t i c  
A d e n o m a  

P a r a t h y r o i d  g l a n d  

P i t u i t a w  g l a n d  
P a r s  distal is ,  a d e n o m a  

T h y r o i d  g l a n d  

C-cel l ,  a d e n o m a  
C-cel l ,  c a r c i n o m a  

+ + + + + + + + + + + + + + + + ÷ + + ÷ + + + + + 
+ + + + + + + + + + + + + + + ÷ + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X  X X X  X X  X 

X X  X X X  X 
+ + + + + + + ÷ + + + + + + + + ÷ + + + + ÷ + + + 

X X 

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

X X X  X X X X  X X  X X X X  X X X  
÷ + + ÷ ÷ + ÷ ÷ + ÷ + + + + ÷ ÷ + + + + ÷ + + + ÷ 

X X 

G e n e r a l  B o d y  S y s t e m  

N o n e  
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  5 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

0 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 5 8 9 9 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 2 2  

C a r c a s s  ID  N u m b e r  

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

3 3 3 2 2 2 2 2 2 2 2 2 3 3 3 2 3 3 3 3 3 3 3 3 3 T o n i  

1 0 4 4 5 2 2 2 4 5 6 6 0 4 4 3 1 1  1 1  2 2 2 3 3 T i ~ u ~  

1 4 3 4 4 3 4 5 5 5 4 5 5 4 5 5 2 3 4 5 3 4 5 4 5 T u m o ~  

~ i m e n ~ S y s t e m  
~ P ~ g ~  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
I n t ~ t i n e ~ r g e  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
I n t ~ t i n e l a r g e , ~ u m  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
I n t ~ t i n e ~ r g e ,  colon + + + + + + + + + + + + + + + + + + + + + + + + + 50 
I n t ~ t i n e l a r g e , ~ t u m  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
I n t ~ t i n e s m a l l  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
I n t ~ t i n e s m a l l ,  d u ~ e n u m  + + + + + + + + + + + + + + M + + + + + + + + + + ~ 
I n t ~ t i n e s m a l l ,  ileum + + + + + + + + + + + + + + + + + + + + + + + + + 50 
I n t ~ t i n e s m a l l ,  j ~ u n u m  + + + + + + + + + + + + + + + + + + + + + + + + + 50 

LEer  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
H e ~ t ~ l l u l a r a d e n o m a  X X X 4 

M ~ n t c ~  + + + + 15 
P a n c ~ s  + + + + + + + + + + + + + + + + + + + + + + + + + 50 

~ n a r ~ l l ,  adenoma X X X X X  5 
~ i n a r ~ l l ,  adenoma, multiplc X 1 

S a i ~ a ~ g l a n ~  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
S t o m a ~  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
S t o m a ~ , f o ~ t o m a ~  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 50 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel + + + + 4 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d o c r i n e  S y s t e m  

Adrenal  gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adrenal  gland, cortex + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adrenal gland, medulla + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Pheochromocytoma benign X X X X X X 16 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars dismlis, adenoma 
Thyroid gland 

C-cell, adcnoma 
C-cell, carcinoma 

G e n e r a l  Body  S y s t e m  

None 

X X X  X X X X X X  X X X X  19 

% % % % % % • % % ÷ % % ÷ ÷ ÷ % ÷ ÷ % % % % % ÷ • 50 
X X X 5 

÷ • ÷ • • ÷ ÷ % + • • ÷ ÷ ÷ ÷ % • • • • % ÷ ÷ ÷ ÷ ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X X  X X X X  X XX X XX ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
2 

X X 2 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  5 0  p p m  (continued) 

Number of  Days on Study 
4 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7  

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

C a r c a s s  ID  N u m b e r  

0 1 0 0 1 0 0 1 0 0 0 1 1 1 0 0 1 0 0 0 1 1 0 0 1  
2 3 2 2 3 2 2 3 2 2 2 3 3 3 2 2 3 2 2 2 3 3 2 2 3  

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

G e n i t a l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

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

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

X X  X X X  X X X  X X X  X 
X X X X X X X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Sarcoma 
Thymus 

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

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

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

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Fibroadenoma 
Skin 

Keratoacanthoma 
Papilloma squamous 
Trichoepithelioma 
Subcutaneous tissue, fibroma 

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

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

X X 
X 

X 

X 

M u s c u l o s k e l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 

Alvcolar/bronchiolar adenoma X X 
Alveolar/bronchiolar carcinoma 

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

S p e c i a l  S e n s e s  S y s t e m  

Ear  ÷ 
Pinna, papilloma squamons 

Eye + 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear  X X X X X X X X X X X X X X X 
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TABLE C2 
Individual Animal Tumor Pathology of  Male Rats in the 2-Year 
Chloraminated Water Study: 50 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

0 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 5 8 9 9 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 2 2  

C a r c a s s  ID  N u m b e r  

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

3 3 3 2 2 2 2 2 2 2 2 2 3 3 3 2 3 3 3 3 3 3 3 3 3  T o t a l  

1 0 4 4 5 2 2 2 4 5 6 6 0 4 4 3 1  1 1  I 2 2 2 3 3 T ~ u ~  

1 4 3 4 4 3 4 5 5 5 4 5 5 4 5 5 2 3 4 5 3 4 5 4 5 T u m o r  

G e n i t a l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X 2 
X 2 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

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 14 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Sarcoma 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

+ + + M +  + + + + + + + + + + + + + + + + + + + + ~ 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Fibroadenoma 
Skin 

Keratoacanthoma 
Papilloma squamous 
Trichoepithelioma 
Subcutaneous tissue, fibroma 

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

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

X 
X X 

X X X 

48 

1 
50 
3 
3 
1 
4 

M u s c u l o s k e l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 

N e r v o u s  S y s t e m  

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 
R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X 4 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

S p e c i a l  S e n s e s  S y s t e m  
Ear  + 

Pinna, papilloma squamous X 
Eye + + 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukemia mononuclear X X X X X X X X X X X 26 
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TABLE C2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year 
Chloraminated Water Study: 100 ppm 

Number of  Days on Study 
4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6  

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

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

C a r c a s s  I D  N u m b e r  

1 1 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1 0  
2 2 2 1 2 2 1 2 2 2 1 1 1 1 1 1 1 2 1 1 2 1 2 1 2 1  

9 3 4 7 7 3 6 7 5 3 7 9 7 9 7 8 5 7 8 5 6 8 6 5 6 6  

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

Alimentary System 
E s o p h a g u s  

C a r c i n o m a ,  me ta s t a t i c ,  
t h y r o i d  g l a n d  

In tes t ine  l a r g e  
In te s t ine  la rge ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  r e c t u m  
In tes t ine  smal l  
Intestine small, duodenum 
Intestine small, ileum 
In tes t ine  smal l ,  j e j u n u m  
L ive r  

H e p a t o c e l l u l a r  a d e n o m a  

M e s e n t e r y  
P a n c r e a s  

A c i n a r  cell,  a d e n o m a  
P h a r y n x  

Pa la t e ,  p a p i l l o m a  s q u a m o u s  
Sa l ivary  g l a n d s  
S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  

P a p i l l o m a  s q u a m o u s  
S t o m a c h ,  g l a n d u l a r  

T o n g u e  
P a p i l l o m a  s q u a m o u s  

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

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

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

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

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

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

+ + + i +  + + + + + + + + + 
+ + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + 

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

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

+ 

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

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

+ 

X 

C a r d i o v a s c u l a r  S y s t e m  

B l o o d  vessel  
H e a r t  + + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  
A d r e n a l  g l a n d  
A d r e n a l  g l and ,  co r t ex  

A d e n o m a  
A d r e n a l  g l and ,  m e d u l l a  

P h e o c h r o m o c y t o m a  b e n i g n  
Bi la te ra l ,  p h e o c h r o m o c y t o m a  

b e n i g n  
Islets, p a n c r e a t i c  

A d e n o m a  
C a r c i n o m a  

X 

X X X X  X X X  X X  X 
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T A n L E  C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 . Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  1 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

6 6 6  

7 7 9  
5 5 0  

6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

9 9 0 0 0 1 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
6 8 1 2 3 0 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C a r c a s s  I D  N u m b e r  

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

1 1 1 2 2 2 2 1 2 2 2 1 1 1 1 1 1 1 2 2 2 2 2 2 2  T o t a l  

6 7 8 5 7 4 4 6 6 3 6 5 5 6 8 9 9 9 3 4 4 5 5 5 7 T i ~ u ~  

3 5 4 2 4 2 3 4 4 4 5 4 5 5 5 3 4 5 5 4 5 3 4 5 5 T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 

Carcinoma, metastatic, 
thyroid gland 

Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatocellular  adenoma 

Mesentery 
Pancreas 

Acinar  cell, adenoma 
Pharynx 

Palate, papilloma squamous 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 
Tongue 

Papilloma squamous 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 

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

+ + + 

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

X 
+ +  + + + +  + 

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

X 

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

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

1 
51 
50 
51 
50 
51 
51 
51 
51 
51 
2 

15 
51 
1 
1 
1 

51 
51 
51 
1 

51 
1 
1 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

+ + 
+ + + + + + + + + + + + ' +  + + + + + + + + + + + + 

2 
51 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Carcinoma 

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

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

X X X X X X X  

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

X X X 

51 
51 
1 
51 
17 

10 
51 
5 
1 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  1 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6  

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

C a r c a s s  I D  N u m b e r  

1 1 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1 0  
2 2 2 1 2 2 1 2 2 2 1 1 1 1 1 1 1 2 1 1 2 1 2 1 2 1  

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

E n d o c r i n e  S y s t e m  (continued) 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-ceil, adenoma 
C-cell, carcinoma 

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

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

X X X 
X 

G e n e r a l  Body  S y s t e m  

None 

G e n i t a l  S y s t e m  

Epididymis 
Preputial gland 

Adenoma 
Carcinoma 
Bilateral, carcinoma 

Prostate 
Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

+ + + + + + + + + + + + + + + + ÷ + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + ' 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X X X  X X X X X  X X X  X 
X X X 

H e m a t o p o i e t i c  S y s t e m  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 

Thymus 

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

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

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Adenocarcinoma 
Fibroadenoma 

Skin 
Basal cell adenoma 
Keratoacanthoma 
Papilloma squamous 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, 

lymphangio~arcoma 

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

X 

X 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  1 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r e a x g  ID  N u m b e r  

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

1 1 1 2 2 2 2 1 2 2 2 1 1 1 1 1 1 1 2 2 2 2 2 2 2  T o t a l  

6 7  8 5  7 4 4 6 6  3 6 5  5 6 8 9 9 9 3 4 4 5  5 5 7 T ~ u ~  

3 5 4 2 4 2 3 4 4 4 5 4 5 5 5 3 4 5 5 4 5 3 4 5 5  T u m o r  

E n d o c r i n e  S y s t e m  (continued) 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-cell, carcinoma 

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

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

49 
51 
22 
51 
3 
1 

G e n e r a l  Body  S y s t e m  
None 

G e n i t a l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 
Bilateral, carcinoma 

Prostate 

Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

Interstitial ceil, adenoma 

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

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  

51 
51 
4 
3 
1 

51 
51 
51 

8 

H e m a t o p o i e t i c  S y s t e m  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 

Spleen 
Histiocytic sarcoma 

Thymus 

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

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

1 
51 
51 
51 
51 
51 

1 
48 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Adenocarcinoma 
Fibroadenoma 

Skin 
Basal cell adenoma 
Keratoacanthoma 
Papilloma squamous 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, 

lymphangicaarcoma 

+ 4 - + + + + + + + + + + + + + + + + + + + + + + +  

X 

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

X 
X 

X 
X X 

49 

1 
1 
51 

1 

2 

1 
2 
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TAnLE C2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year 
Chloramlnated Water Study: 100 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  
4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6  

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

C a r c a s s  I D  N u m b e r  

1 1 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0 1 0  
2 2 2 1 2 2 1 2 2 2 1 1 1 1 1 1 1 2 1 1 2 1 2 1 2 1  

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

M u s c u l o s k e l e t a i  S y s t e m  
Bone 
Skeletal muscle 

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

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Larynx 

Carcinoma, metastatic, 
thyroid gland 

Lung 
Carcinoma, metastatic, 

thyroid gland 
Nose 
Trachea 

Carcinoma, metastatic, 
thyroid gland 

+ 

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

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

X 

" , 

S p e c i a l  S e n s e s  S y s t e m  
Eye 
Harderian gland 

U r i n a r y  S y s t e m  

Kidney 
Renal  tubule, adenoma 

Urinary bladder 

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

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

S y s t e m i c  L e s i o n s  
Multiple o rgam 

Histiocytic sarcoma 
Leukemia mononuclear  
Mesothelioma malignant 

X 
X X X  X X  X X X X  X X  

• • 



Lesions in Male Rats 177 

TABLE C2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  in  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S tudy :  100 p p m  (continued) 

Number of  Days on Study 
6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
7 7 9 9 9 0 0 0 1 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 0 6 8 1 2 3 0 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Carcass ID Number 

0 0 0 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1  
1 1 1 2 2 2 2 1 2 2 2 1 1 1 1 1 1 1 2 2 2 2 2 2 2  T o ~ !  
6 7 8 5 7 4 4 6 6 3 6 5 5 6 8 9 9 9 3 4 4 5 5 5 7  T i ~ n ~  
3 5 4 2 4 2 3 4 4 4 5 4 5 5 5 3 4 5 5 4 5 3 4 5 5  T u m o ~  

Musculoskeletal  System 
Bone 
Skeletal muscle 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ 1 

Nervous System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + +  51 
Respiratory System 
Larynx 

Carcinoma, metastatic, 
thyroid gland 

Lung 
Carcinoma, metastatic, 

thyroid gland 
Nose 
Trachea 

Carcinoma, metastatic, 
thyroid gland 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
1 

51 

1 
+ + + + + + + + + + + + + + + + + + + + + + + + 4 -  51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

Special Senses System 
Eye 
Harderian gland 

4- 1 
+ 1 

Urinary System 
Kidney 

Renal tubule, adenoma 
Urinary bladder 

+ + + 4 - + + + + + + + + + + + + + + + + + + + + +  51 
X 1 

+ + . 4 - + + + + + + + + + + + + + + + + + + + + + +  51 
Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 
Mesothelioma malignant 

÷ 4- ÷ ÷ ÷ + + -I- + -F + + ÷ ÷ ÷ ÷ ÷ ÷ 4- 4- ÷ + + -'I- + 51 

1 

X X X X  X X  X X X X X X X  X X X  X X  29 
X X 2 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  Study 

6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

8 9 9 0 1 1 1 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 7 8 1 2 2 8 8 9 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1  

C a r e a g ¢  I D  N u m b e r  

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

1 1 1 1 0 0 1 1 1 0 0 1 1 2 1 1 1 1 1 1 1 1 1 1 1  T o t a l  

2 8 6 8 8 8 6 8 9 8 9 0 9 0 1 1 1 2 2 2 7 7 7 8 8  T i ~ u ~  

2 1 4 2 3 4 5 3 4 5 4 5 5 5 3 4 5 3 4 5 3 4 5 4 5  T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Pancreas 

Acinar cell, adcnoma 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tooth 

+ + +  + + + +  + + +  + + + +  + + + + + + +  + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ +  + + + +  + + +  + + +  + + + + + + + + + + + +  + 49 
+ + + + + +  + + +  + + + +  + + + M + + + + +  + + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + M + + + + + + + + + + + + + + + + + + + + + +  49 
+ + M + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ +  + +  + +  + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X 2 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + +  + + + + + +  + + + + M +  + + + +  + + +  + + + 49 
+ + + +  + + + +  + + +  + + M +  + + + + + + + + + + 49 
+ +  + + +  + + + +  + + +  + M + + + +  + + +  + +  + + 49 

1 

C a r d i o v a s c u l a r  S y s t e m  
Heart  

Schwannoma malignant 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Carcinoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X  X X X X X  X X  14 

X X X X 8 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X  X X X X X  10 

X 1 
+ + + +  + + +  + + +  + + +  + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X  X X X X X X X  19 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 3 
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T~J~LE c2 
I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  X - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

C a r c a s s  ID  N u m b e r  

1 1 0 1 0 1 0 0 0 1 1 1 1 0 1 0 0 0 0 0 1 1 1 0 0  
2 1 0 1 1 1 0 1 1 1 1 2 2 0 2 0 1 0 1 1 1 1 1 0 1  

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

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  S y s t e m  

Epididymis 
Preputial gland 

Adenoma 
Carcinoma 
Sarcoma, metastatic 

Prostate 
Sarcoma, metastatic 

Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

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 X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Histiocytie sarcoma 
Thymus 

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

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

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

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Fibroadenoma 
Skin 

Keratoacanthoma 
Papilloma squamous 
Trichoepithelioma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrous 

histioeytoma. 

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

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

X 

X X X 

M u s c u l o s k e l e t a l  S y s t e m  

Bone 
Skeletal muscle 

Hindlimb, sarcoma, metastatic X 
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TAmJ~ C2 
Individual Animal Tumor  Pathology of Male Rats  in the 2-Year 
Chloraminated Water Study: 200 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

8 9 9 0 1 1 1 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 7 8 1 2 2 8 8 9 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1  

C a r c a s s  ID  N u m b e r  

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

1 1 1 1 0 0 1 1 1 0 0 1 1 2 1 1 1 1 1 1 1 1 1 1 1  T o t a l  

2 8 6 8 8 8 6 8 9 8 9 0 9 0 1 1  1 2 2 2 7 7 7 8 8 T ~ u ~  

2 1  4 2 3 4 5 3 4 5 4 5 5 5 3 4 5 3 4 5 3 4 5 4 5 T u m o m  

G e n e r a l  Body  S y s t e m  

None 

G e n i t a l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 
Sarcoma, metastatic 

Prostate 
Sarcoma, metastatic 

Seminal vesicle 
Testes 

Bilateral, interstitial cell, 
adenoma 

Interstitial cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 
X 1 

1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X X  X X X  X X X X X  X X X  X X X X  32 
X X X X X 11 

H e m a t o p o i e t i c  S y s t e m  

Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 

Thymus 

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

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

50 
50 
49 
50 
50 

1 
49 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Fibroadenoma 
Skin 

Keratoacanthoma 
Papilloma squamous 
Trichocpithelioma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrous 

histiocytoma 

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

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

X X 
X 

X 
X X 

49 
2 

50 

2 
1 
1 
5 

M u s c u l o s k e l e t a i  S y s t e m  

Bone 
Skeletal muscle 

Hindlimb, sarcoma, metastatic 

+ + + + + + + + + + + + + + + + + + + + + + . +  + + 50 
1 
1 
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TASLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  
4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

Ca~nx~ ID Number 

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

N e r v o u s  System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolarforonchiolar adcnoma 
Alveolaar/bronchiolar carcinoma 

Nose 
Trachea 

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

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

Special  S e n s e s  S y s t e m  
Eye 
Zymbal's gland 

Carcinoma 

+ + 
+ 

X 

U r i n a r y  S y s t e m  
Kidney 
Urinazy bladder 

Sarcoma, metastatic 

+ + + + + + + + + ÷ + + + + + + + + + + + + ÷ + + 
+ ÷ + ÷ + + + ÷ ÷ ÷ ÷ + + ÷ + ÷ ÷ ÷ + + + + + + ÷ 

X 

Sys temic  L e s i o u s  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 
Mcsothclioma malignant 

X 
X X X  X X  X X X  X X X  X X  X X  

X 
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TASLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  

6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

8 9 9 0 1 1 1 1 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 7 8 1 2 2 8 8 9 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1  

C a r c a s s  ID  N u m b e r  

0 1 1 1 0 0 1 1 1 0 0 0 1 1 0 0 0 0 0 0 1 1 1 1 1  
1 1 1 1 0 0 1 1 1 0  0 I 1 2 1 1 1 1 1 1 1 1 1 1 1  T o ~ !  

2 8 6  8 8 8  6 8 9 8  9 0 9 0 1 1 1  2 2 2 7  7 7 8 8 T i ~ u ~  
2 1 4  2 3 4 5  3 4 5  4 5  5 5 3 4 5  3 4 5  3 4 5  4 5  T u m o r  

N e r v o u s  Sys t em  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Nose 
Trachea 

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

X X 

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

50 
2 
2 

50 
50 

Special  S e n s e s  Sys t em  
Eye 
Zymbal's gland 

Carcinoma 

U r i n a r y  Sys t em  
Kidney 
Urinary bladder 

Sarcoma, metastatic 

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

50 
50 
1 

Sys temic  Les i ons  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclcar 
Mesothelioma malignant 

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

X X  X X X  X X X  X X X  X X X X  

50 
1 

30 
1 
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TABLE C3 

Stat is t ical  Analys is  o f  P r i m a r y  Neop lasms  in Male  Ra ts  in the  2-Year 

C h i o r a m i n a t e d  W a t e r  Study 

0 ppm $0 ppm 100 ppm 200 ppm 

Adrenal Medulla: Benign Pheochromocytoma 
Overall rates a 
Adjusted rates b 
Terminal rates e 
First incidence a(days ) 
Life table tests" 
Logistic regression tests d 
Cochran-Armita~e test d 
Fisher exact test u 

23/51 (45%) 35/50 (70~) 27//51 (53%) 22/50 (44%) 
84.2% 84.8% 79.8% 72.6% 
10/14 (71%) 16/22 (73%) 8/14 (57%) 9/16 (56%) 
541 605 533 543 
P=0.231N P=0.446 P=0.325 P=0.300N 
P=0.098N P=0.111 P=0.343 P=0.275N 
P=0.210N 

P=0.010 P--0.276 P=0.536N 

Adrenal Medulla: Pheochromocytoma (Benign or Malignant) 
Overall rates 25/51 (49%) 35/50 (70%) 27/51 (53%) 22/50 (44%) 
Adjusted rates 85.5% 84.8% 79.8% 72.6% 
Terminal rates 10/14 (71%) 16/22 (73%) 8/14 (57%) 9/16 (56%) 
First incidence (days) 541 605 533 543 
Life table tests P=0.160N P=0.537N P=0.451 P=0.194N 
Logistic regression tests P=0.048N P=0.235 P=0.522 P=0.142N 
Cochran-Armitage test P=0.127N 
Fisher exact test P=0.026 P=0.422 P=0.380N 

Liver: Hepatoceilular Adenoma 
Overall rates 2/51 (4%) 
Adjusted rates 11.2% 
Terminal rates 1/14 (7%) 
First incidence (days) 687 
Life table tests P=0.107N 
Logistic regression tests P=0.100N 
Cochran-Armitage test P=0.114N 
Fisher exact test 

4/50 (8%) 2/51 (4%) 0/50 (0%) 
15.9% 10.0% 0.0% 
3/22 (14%) 1/14 (7%) 0/16 (0%) 
653 625 _e 
P=0.526 P=0.688N P=0.221N 
P=0.457 P=0.684N P=0.209N 

P=0.329 P=0.691N P=0.252N 

Lung: Alveolar/bronchiolar Adenoma 
Overall rates 1/51 (2%) 4/50 (8%) 0/51 (0%) 2/50 (4%) 
Adjusted rates 3.8% 13.7% 0.0% 11.2% 
Terminal rates 0/14 (0%) 2/22 (9%) 0/14 (0%) 1/16 (6%) 
First incidence (days) 674 618 - 718 
Life table tests P=0.573N P=0.293 P=0.500N P=0.535 
Logistic regression tests P=0.560N P=0.212 P=0.493N P=0.544 
Cochran-Armitage test P=0.583N 
Fisher exact test P=0.175 P=0.500N P=0.492 

Lung: Aiveolar/bronchiolar Adenoma or Alveolar/bronchiolar Carcinoma 
Overall rates 1/51 (2%) 4/50 (8%) 0/51 (0%) 4/50 (8%) 
Adjusted rates 3.8% 13.7% 0.0% 16.5% 
Terminal rates 0/14 (0%) 2/22 (9%) 0/14 (0%) 1/16 (6%) 
First incidence (days) 674 618 - 577 
Life table tests P=0.234 P=0.293 P=0.500N P=0.220 
Logistic regression tests P--0.237 P=0.212 P=0.493N P=0.197 
Cochran-Armitage test P=0.222 
Fisher exact test P=0.175 P=0.500N P--0.175 
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TABLE C3 

Stat is t ical  Analysis  of  P r i m a r y  Neoplasms  in Male  Rats  in the  2-Year 
C h l o r a m i n a t e d  W a t e r  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Mammary Gland: Adenoma or Fibroadenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/51 (6%) 1150 (2%) 1/51 (2%) 2/50 (4%) 
16.3% 4.5% 7.1% 8.9% 
2/14 (14%) 1/22 (5%) 1/14 (7%) 1/16 (6%) 
541 729 (T) 729 (T) 656 
P--0.473N P--0.182N P=0.295N P--0.433N 
P=0.456N P--0.260N P=0.291N P---0.467N 
P=0.479N 

Mammary Gland: Adenoma, Fibroadenoma or Adenocarcinoma 

P--0.316N P=0.309N P--0.509N 

Overall rates 3/51 (6%) 1/50 (2%) 2/51 (4%) 2/50 (4%) 
Adjusted rates 16.3% 4.5% 12.3% 8.9% 
Terminal rates 2/14 (14%) 1/22 (5%) 1/14 (7%) 1/16 (6%) 
First incidence (days) 541 729 (T) 703 656 
Life table tests P=0.499N P=0.182N P=0.497N P=0.433N 
Logistic regression tests P=0.481N P=0.260N P=0.483N P=0.467N 
Cochran-Armitage test P =0.506N 
Fisher exact test P=0.316N P=0.500N P=0.509N 

Pancreas: Adenoma 
Overall rates 4/51 (8%) 
Adjusted rates 25.6% 
Terminal rates 3/14 (21%) 
First incidence (days) 710 
Life table tests P--0.126N 
Logistic regression tests P--0.129N 
Cochran-Armitage test P--0.136N 
Fisher exact test 

Pancreatic Islets: Adenoma 
Overall rates 5/51 (10%) 
Adjusted rates 23.4% 
Terminal rates 2/14 (14%) 
First incidence (days) 605 
Life table tests P=0.070 
Logistic regression tests P=0.079 
Cochran-Armitage test P=0.066 
Fisher exact test 

Pancreatic Islets: Adenoma or Carcinoma 
Overall rates 7/51 (14%) 
Adjusted rates 31.2% 
Terminal rates 2/14 (14%) 
First incidence (days) 605 
Life table tests P=0.107 
Logistic regression tests p--o.120 
Cochran-Armitage test P=0.099 
Fisher exact test 

6/50 (12%) 1/51 (2%) 2/50 (4%) 
27.3% 7.1% 12.5% 
6/22 (27%) 1/14 (7%) 2/16 (13%) 
729 O~ 729 Cr) 729 03 
P--0.626N P--0.181N P-0.274N 
P=0.586 P=0.181N P--0.286N 

P--0.358 P--0.181N P--0.348N 

5/50 (10%) 5/51 (10%) 10/50 (20%) 
18.5% 24.3% 40.3% 
2/22 (9%) 2/14 (14%) 4/16 (25%) 
662 533 636 
P=0.412N P--0.619N P=0.201 
P--0.504N P=0.608N P--0.183 

P=0.617 P--0.630N P=0.123 

5/50 (10%) 6/51 (12%) 11/50 (22%) 
18.5% 25.9% 43.8% 
2/22 (9%) 2/14 (14%) 4/16 (25%) 
662 533 636 
P=0.189N P=0.493N P--0.309 
P -- 0.245N P-- 0.472N P--0.301 

P = 0.394N P -- 0.500N P = 0.205 



186 Chlorinated and Chloraminated  Water,  NTP TR 392 

TABLE C3  
S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  M a l e  R a t s  in  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Pitui tary Gland (Pars Distalis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher egact test 

Preputial  Gland: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Preputial  Gland: Carc inoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Preputial  Gland: Adenoma or  Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

• 

Skin: Kera toacanthoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

20/50 (40%) 29/50 (58%) 22/51 (43%) 19/50 (38%) 
58.7% 70.2% 69.0% 58.1% 
3/13 (23%) 11/22 (50%) 7/14 (50%) 5/16 (31%) 
451 473 447 577 
P = 0.237N P = 0.502 P =0.493 P =0.321N 
P =0.235N P=0.050 P=0.450 P=0.473N 
P = 0.232N 

P=0.055 P=0.453 P=0.500N 

3/50 (6%) 2/50 (4%) 4/51 (8%) 1/50 (2%) 
14.5% 9.1% 22.3% 2.1% 
1/14 (7%) 2/22 (9%) 2/14 (14%) 0/16 (0%) 
465 729 (T) 690 543 
P=0.294N P=0.344N P =0.502 P =0.270N 
P =0.274N P =0.462N P =0.528 P =0.372N 
P =0.290N 

P=0.500N P=0.511 P=0.309N 

1/50 (2%) 2/50 (4%) 4/51 (8%) 1/50 (2%) 
2.3% 7.2% 9.3% 6.3% 
0/14 (0%) 1/22 (5%) 0/14 (0%) 1/16 (6%) 
537 661 519 729 (T) 
P = 0.578N P =0.597 P = 0.202 P = 0.738N 
P=0.522 P=0.458 P=0.112 P=0.748 
P=0.596N 

P=0.500 P=0.187 P=0.753N 

4•50 (8%) 4/50 (8%) 8/51 (16%) 2/50 (4%) 
16.4% 16.0% 29.6% 8.2% 
1/14 (7%) 3/22 (14%) 2/14 (14%) 1/16 (6%) 
465 661 519 543 
P = 0.332N P =0.458N P =0.203 P =0.293N 
P=0.355N P=0.644N P=0.175 P--0.410N 
P=0.336N 

P=0.643N P=0.188 P=0.339N 

3/51 (6%) 3/50 (6%) 2/51 (4%) 2/50 (4%) 
15.6% 10.6% 7.5% 11.2% 
1/14 (7%) 1/22 (5%) 0/14 (0%) 1/16 (6%) 
687 662 583 718 
P =0.366N P =0.506N P=0.485N P=0.441N 
P = 0.349N P = 0.562N P =0.483N P =0.443N 
P=0.377N 

P=0.652 P=0.500H P=0.509H 



Lesions in Male Rats  187 

TASLE C3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  M a l e  R a t s  in  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Skin: Squamous Papilloma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regre~ion tests 
Cochran-Armitage test 
Fisher exact test 

1/51 (2%) 3/50 (6%) 1/51 (2%) 1/50 (2%) 
7.1% 11.5% 4.8% 4.8% 
1/14 (7%) 2/22 (9%) 0/14 (0%) 0/16 (0%) 
729 (T) 654 698 712 
P = 0.433N P ffi 0.462 P -- 0.749N P ffi 0.722N 
Pf0.431N P=0.399 Pf0.764N P=0.740N 
Pffi0.449N 

Skin: Squamous Papilloma or Squamous Cell Carcinoma 

P=0.301 Pffi0.752N Pffi0.748 

Overall rates 2/51 (4%) 3/50 (6%) 1/51 (2%) 1/50 (2%) 
Adjusted rates 10.7% 11.5% 4.8% 4.8% 
Terminal rates 1/14 (7%) 2/22 (9%) 0/14 (0%) 0/16 (0%) 
First incidence (days) 674 654 698 712 
Life table tests P=0.273N P=0.663 Pf0.488N Pffi0.460N 
Logistic regression tests P=0.263N P=0.604 Pf0.490N Pf0.456N 
Cochran-Armitage test P =0.283N 
Fisher exact test P=0.491 P=0.500N Pffi0.508N 

Skin: Basal Cell Adenoma, Keratoacanthoma, Trichoepithelioma, or Squamous Cell Carcinoma 
Overall rates 5/51 (10%) 7•50 (14%) 4/51 (8%) 4•50 (8%) 
Adjusted rates 25.1% 23.8% 18.2% 21.1% 
Terminal rates 2/14 (14%) 3/22 (14%) 1/14 (7%) 2/16 (13%) 
First incidence (days) 674 654 583 712 
Life table tests P=0.314N P=0.618 P=0.482N P=0.423N 
Logistic regression tests P=0.284N P=0.532 P=0.478N P=0.420N 
Cochran-Armitage test P=0.325N 
Fisher exact test P=0.366 P=0.500N P=0.513N 

Skin (Subcutaneous Tissue): Fibroma 
Overall rates 0/51 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/14 (0%) 
First incidence (days) - 
Life table tests P=0.054 
Logistic regression tests P=0.056 
Cochran-Armitage test P=0.050 
Fisher exact test 

Skin (Subcutaneous Tissue): Fibroma or  Fibrosarcoma 

4/50 (8%) 2/51 (4%) 5/50 (10%) 
15.0% 11.2% 18.5% 
2/222 (9%) 1/14 (7%) 1/16 (6%) 
667 690 656 
P=0.123 P=0.245 P=0.053 
P=0.095 P=0.239 P=0.040 

P=0.056 P=0.248 Pffi0.027 

Overall rates 1/51 (2%) 4/50 (8%) 2/51 (4%) 5/50 (10%) 
Adjusted rates 2.1% 15.0% 11.2% 18.5% - 
Terminal rates 0/14 (0%) 2/22 (9%) 1/14 (7%) 1/16 (6%) 
First incidence (days) 465 667 690 656 
Life table tests P=0.118 P=0.286 P=0.510 P=0.146 
Logistic regression tests P=0.120 P=0.161 P--0.488 P=0.087 
Cochran-Annitage test P=0.110 
Fisher exact test Pffi0.175 Pffi0.500 Pffi0.098 
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TABLE C 3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  i n  M a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

Testes:  A d e n o m  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Thyroid  Gland  (C-cell): Adenoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

33/51 (65%) 44150 (88%) 38151 (75%) 43/50 (86%) 
96.7% 100.0% 100.0% 97.6% 
13/14 (93%) 22/22 (100%) 14/14 (100%) 15/16 (94%) 
446 579 533 524 
P=0.175 Pf0.420N P=0.302 P=0.295 
P=0.098 P=0.125 P=0.296 P=0.059 
P=0.035 

Pffi0.005 Pffi0.195 Pffi0.012 

6/51 (12%) 2/50 (4%) 3/51 (6%) 3/50 (6%) 
23.2% 5.2% 7.5% 10.6% 
1/14 (7%) 0/22 (0%) 0/'1.4 (0%) 1/16 (6%) 
541 627 586 530 
P =0.238N P =0.073N P =0.237N P=0.193H 
P=0.320N P=0.170N P=0.260N P=0.284N 
P = 0.262N 

P=0.141N Pf0.244N Pffi0.254N 

Thyroid  G land  (C-cell): Adenoma o r  Ca rc inoma  
Overall rates 7/51 (14%) 4/50 (8%) 4/51 (8%) 3/50 (6%) 
Adjusted rates 25.2% 13.5% 10.2% 10.6% 
Terminal rates 1/14 (7%) 1/22 (5%) 0/14 (0%) 1/16 (6%) 
First incidence (days) 541 627 586 530 
Life table tests P=0.130N P=0.136N P=0.258N P=0.124N 
Logistic regression tests P=0.175N P=0.293N P=0.286N P=0.200N 
Cochran-Armitage test P=0.144N 
Fisher exact test P=0.274N P=0.263N P=0.167N 

25/51 (49%) 26/50 (52%) 29/51 (57%) 30/50 (60%) 
73.1% 65.5% 89.1% 80.8% 
6/14 (43%) 10/22 (45%) 11/14 (79%) 10/16 (63%) 
315 581 429 495 
P=0.244 P=0.186N P=0.337 P=0.463 
P=0.164 P=0.503 P=0.318 P=0.213 
P=0.139 

P=0.460 P=0.276 P=0.182 

All Organs :  M o n o n u c l e a r  Leukemia 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Atmitage test 
Fisher exact test 

All Organs :  Benign  T u m o r s  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

47/51 (92%) 50/50 (I00%) 50/51 (98%) 49/50 (98%) 
I00.0% I00.0% 100.0% I00.0% 
14/14 (100%) 22/222 (I00%) 14/14 (IO0%) 16/16(I00%) 
446 473 447 524 
P = 0.504 P =0.066N P = 0.455 P = 0.334N 
P =0.544N P =0.543 P = 0.522 P = 0.667N 
P=0.166 

P=O.061 P=0.181 P=0.187 
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TABLE C3 
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year 
Chioraminated Water Study (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

All Organs:  Mal ignant  Tumors  
Overall rates 31/51 (61%) 28/50 (56%) 37/51 (73%) 36/50 (72%) 
Adjusted rates 79.7% 71.3% 91.1% 86.3% 
Terminal rates 7/14 (50%) 12/22 (55%) 11/14 (79%) 11/16 (69%) 
First incidence (days) 315 581 429 495 
Life table tests P=0.204 P=0.057N P=0.278 P=0.507 
Logistic regression tests Pffi0.060 Pffi0.392N Pffi0.146 Pffi0.148 
Cochran-Armitage test P •0.067 
Fisher exact test P f0388N Pffi0.147 P=0.163 

All Organs:  Benign and Malignant  Tumors 
Overall rates 50/51 (98%) 50/50 (100%) 51/51 (100%) 50/50 (I00%) 
Adjusted rates 100.0% 100.0% 100.0% 100.0% 
Terminal rates 14/14 (100%) 22/22 (100%) 14/14 (100%) 16/16 (100%) 
First incidence (days) 315 473 429 495 
Life table tests P=0.477N P=0.032N P--0.541N P--0.253N 
Logistic regression tests P=0.432 P=0.736 P=0.603 P=0.694 
Cochran-Armitage test P =0.307 
Fisher exact test P=0.505 P=0.500 P=0.505 

ST)Terminal sacrifice 
Number of tumor-bearing animals/number of animals examined. Denominator is number of animals examined micreacopically 
for adrenal gland, bone marrow, brain, clitoral gland, epididymis, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, 
ovary, pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, 
and urinary bladder; for other tissues, denominator is number of animals necropsied. 

b Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intcrcurrent mortality 
¢ Observed incidence at terminal kill 
d Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dose group columns are the P values 

corresponding to pairwise comparisons between the controls and that dose group. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these 
lesions as nonfatal. The Cochran-Armitage and Fisher Exact tests compare directly the overall incidence rates. For all tests, a 
negative trend or a lower incidence in a dose group is indicated by N. 

• Not applicable; no tumors in animal group 
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TABLE CA 
S u m m a r y  o f  t he  Inc idence  o f  Nonneop la s t i c  Les ions  in Ma le  R a t s  in  the  2-Year  
C h i o r a m i n a t e d  W a t e r  S tudy  

0 ppm 50 ppm 100 ppm 200 ppm 

Disposition Summary 
Animals initially in study 70 70 70 70 
14-week interim evaluation 10 10 10 10 
66-week interim evaluation 9 10 9 10 
Early deaths 

Natural death 3 1 3 1 
Moribund 34 27 34 33 

Survivors 
Terminal sacrifice 14 22 14 16 

Animals examined microscopically 51 50 51 50 

Alimentary System 
Intestine large, cecum (51) (50) (50) (50) 

Edema 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, chronic 1 (2%) 
Parasite metazoan 1 (2%) 1 (2%) 

Intestine large, colon (51) (50) (51) (49) 
Parasite metazoan 1 (2%) 3 (6%) 2 (4%) 1 

Intestine large, rectum (51) (50) (50) (49) 
Parasite metazoan 5 (10%) 4 (8%) 1 (2%) 3 

Intestine small, ileum (51) (50) (51) (49) 
Cyst 1 

Intestine small, jejunum (51) (50) (51) (49) 
Metaplasia, osseous 1 (2%) 

Liver (51) (50) (51) (50) 
Angiectasis 8 (16%) 3 (6%) 6 (12%) 2 
Atrophy, focal 1 (2%) 
Basophilic focus 1 (2%) 1 
Congestion 1 (2%) 2 (4%) I (2%) 
Degeneration, cystic 10 (20%) 14 (28%) 10 (20%) 5 
Eosinophilic focus 1 (2%) 2 
Fatty change 14 (27%) 21 (42%) 17 (33%) 14 
Focal cellular change 11 (22%) 12 (24%) 13 (25%) 13 
Hemorrhage 3 (6%) 1 (2%) 
Hepatodlaphragmatic nodule 5 (10%) 4 (8%) 3 (6%) 4 
Hyperplasia 2 (4%) 
Hyperplasia, multifocal 15 (29%) 19 (38%) 22 (43%) 12 
Infiltration cellular, mixed cell 7 (14%) 4 (8%) 10 (20%) 12 
Inflammation, focal 18 (35%) 24 (48%) 20 (39%) 18 
Mineralization 1 (2%) 
Mixed cell focus 2 (4%) 1 
Necrosis, focal 2 (4%) 2 (4%) 3 (6%) 1 
Thrombus 1 (2%) 2 (4%) 2 
Bile duct, dilatation 1 (2%) 
Bile duct, hyperplasia 48 (94%) 50 (100%) 49 (96%) 49 
Biliary tract, fibrosis 42 (82%) 48 (96%) 47 (92%) 44 
Centrilobular, atrophy 14 (27%) 15 (30%) 15 (29%) 13 

(2%) 

(6%) 

(2%) 

(4%) 

(2%) 

(10%) 
(4%) 
(28%) 
(26%) 

(8%) 

(24%) 
(24%) 
(36%) 

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

(98%) 
(88%) 
(26%) 
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TAnLE C4 
Summary of  the Incidence of Nonneoplastic Lesions in Male Rats  in the 2-Year 
Chioramina ted  W a t e r  Study (continued) 

0 ppm SO ppm 100 ppm 200 ppm 

Alimentary System (continued) 
Mesentery (31) (15) (15) (24) 

Hemorrhage 1 (3%) 1 (7%) 1 (7%) 
Inflammation, chronic 7 (23%) 4 (27%) 3 (20%) 3 (13%) 
Fat, necrosis 11 (35%) 3 (20%) 6 (40%) 12 (50%) 

Pancreas (51) (50) (51) (50) 
Accessory spleen 2 (4%) 
Atrophy, diffuse 1 (2%) 
Atrophy, focal 13 (25%) 18 (36%) 14 (27%) 16 (32%) 
Cytoplasmic alteration 1 (2%) 1 (2%) 1 (2%) 
Edema 1 (2%) 
Inflammation, chronic 1 (2%) 
Acinar cell, hyperplasia 3 (6%) 1 (2%) 
Duct, dilatation 3 (6%) 1 (2%) 

Salivary glands (51) (50) (51) (50) 
Infiltration cellular, lipocyte 1 (2%) 

Stomach, forestomach (51) (50) (51) (49) 
Hyperplasia, squamous 1 (2%) 1 (2%) 
Inflammation, chronic 7 (14%) 7 (14%) 4 (8%) 5 (10%) 
Mineralization 1 (2%) 1 (2%) 
Perforation 1 (2%) 1 (2%) 
Ulcer 6 (12%) 4 (8%) 2 (4%) 1 (2%) 
Mucosa, hyperplasia, papillary 6 (12%) 6 (12%) 7 (14%) 6 (12%) 

Stomach, glandular (51) (50) (51) (49) 
Edema 1 (2%) 1 (2%) 
Erosion 3 (6%) 2 (4%) 2 (4%) 
Inflammation, chronic 8 (16%) 2 (4%) 3 (6%) 2 (4%) 
Mineralization 1 (2%) 3 (6%) 1 (2%) 
Pigmentation, focal 2 (4%) 
Ulcer 1 (2%) 1 (2%) 
Epithelium, degeneration, hyaline I (2%) 
Mucosa, cyst 1 (2%) 
Mucosa, hyperplasia 1 (2%) 

Tooth (2) (1) 
Epithelium alveolus, cyst 1 (50%) 

Cardiovascular System 
Blood vessel (5) (4) (2) 

Aorta, mineralization 1 (20%) 
Mesenteric artery, hypertrophy 1 (25%) 
Mesenteric artery, inflammation, chronic 4 (80%) 4 (100%) 2 (100%) 
Mesenteric artery, mineralization 1 (20%) 1 (25%) 

Heart (51) (50) (51) 
Mineralization 1 (2%) 
Thrombus I (2%) 

(50) 
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TABLE CA 
Summary  of the  Inc idence  o f  Nonneoplastic Lesions in Male Rats  in the 2-Year 
Chloraminated Water  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Endocrine System 
Adrenal gland, cortex (51) (50) (51) (50) 

Anglectasis 1 (2%) 
Cyst 1 (2%) 
Focal cellular change 13 (25%) 22 (44%) 11 (22%) 10 (20%) 
Hematopoietic cell proliferation 1 (2%) 
Hemorrhage 1 (2%) 
Mineralization 2 (4%) 
Necrosis 1 (2%) 1 (2%) 1 (2%) 
Vacuolization cytoplasmic 2 (4%) 2 (4%) 

Adrenal gland, medulla (51) (50) (51) (50) 
Cyst 1 (2%) 
Hemorrhage 1 (2%) 
Hyperplasla 10 (20%) 12 (24%) 9 (18%) 11 (22%) 
Necrosis 1 (2%) 

Islets, pancreatic (51) (5O) (51) (50) 
Hyperplasla 1 (2%) 

Parathyroid ~ n d  (5O) (,~) (49) (50) 
Hy~erplasla 4 (S%) 4 (8%) 1 (2%) 

Pituitaw gland (50) (50) (51) (50) 
Anglectasis 17 (34%) 23 (46%) 18 (35%) 21 (42%) 
Atrophy 1 (2%) 
Cyst 2 (4%) 4 (8%) 3 (6%) 1 (2%) 
Hemorrhage 3 (6%) 
Pigmentation 1 (2%) 
Pars distalis, focal cellular change 1 (2%) 
Pars distalis, hyperplasia 1 (2%) 
Pars distalis, hyperplasia, focal 8 (16%) 4 (8%) 7 (14%) 7 (14%) 
Pars netvosa, focal cellular change I (2%) 

Thyroid gland (51) (50) (51) (50) 
Degeneration, cystic 6 (12%) 8 (16%) 4 (8%) 7 (14%) 
Pigmentation I (2%) 
Ultimobranchial cyst I (2%) 
C-cell, hyperplasla 5 (10%) 4 (8%) 2 (4%) 5 (10%) 
Follicle, cyst I (2%) 2 (4%) 
Follicular cell, hyperplasia 1 (2%) 2 (4%) 2 (4%) 

General Body System 
None 

Genital System 
Epididymis (51) (50) (51) (50) 

Edema 1 (2%) 
Inflammation, chronic 1 (2%) 1 (2%) 

Preputial gland (50) (50) (51) (50) 
Degeneration, cystic 3 (6%) 1 (2%) 
Fibrosis 1 (2%) 
Hyperplasla 2 (4%) I (2%) I (2%) 
Inflammation, suppurative 20 (40%) 23 (46%) 22 (43%) 23 (46%) 
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TAnL~ C4 
Summary of  the Incidence  of  Nonneoplas t ic  Lesions in Male Rats  in the 2-Year 
Chloramina ted  W a t e r  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Genital System 
Prostate (51) 

Degeneration, cystic 
Edema 
Hyperplasia, focal 
Inflammation, suppurative 28 

Seminal vesicle (51) 
Dilatation 
Inflammation, chronic 1 

Testes (51) 
Fibrosis 1 
Hyperplasia 
Artery, inflammation, chronic 
Germinal epithelium, degeneration 15 
Interstitial cell, hyperplasia 13 

(50) (51) (50) 
1 (2%) 

1 (2%) 
5 (10%) 1 (2%) 

(55%) 42 (84%) 31 (61%) 35 (70%) 
(50) (51) (50) 

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

(50) (51) (50) 
(2%) 

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

(29%) 14 (28%) 14 (27%) 11 (22%) 
(25%) 9 (18%) 11 (22%) 9 (18%) 

Hematopoietic System 
Bone marrow (51) (50) 

Hypercellularity 
Myelofibrosis 4 (8%) 2 

Lymph node (51) (50) 
Bronchial, hyperplasia 
Iliac, hyperplasia 
Inguinal, hyperpiasia 1 
Mediastinal, angiectasis 6 (12%) 3 
Mediastinal, hyperplasia 1 (2%) 2 
Mediastinal, hyperplasia, lymphoid 
Pancreatic, angiectasis 1 
Pancreatic, hyperplasia 2 (4%) 
Pancreatic, hyperplasia, histiocyte 
Renal, angiectasis 1 (2%) 1 
Renal, hyperplasia 

Lymph node, mandibular (51) (50) 
Angiectasis 3 (6%) 1 
Cyst 
Hemorrhage 1 
Hyperplasia 4 (8%) 4 
Hyperplasia, lymphoid 1 

Lymph node, mesenteric (51) (49) 
Angiectasis 1 (2%) 1 
Cyst 1 (2%) 
Hyperplasia 
Hyperplasia, histiocyte 

Spleen (51) (50) 
Angiectasis 1 
Fibro~ia 6 (12%) 12 
Hematopoietic cell proliferation 3 (6%) 5 
Hyperplasia, histioofle 
lqecro~is, focal 2 (4%) 1 
Trabecula, hyperplasia 1 

(51) (5o) 
2 (4%) 

(4%) 3 (6%) 1 (2%) 
(51) (50) 

1 (2%) 
1 (2%) 

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

1 (2%) 
(2%) 

(2%) 

(2%) 

(2%) 
(8%) 
(2%) 

(2%) 

(2%) 
(24%) 
(10%) 

(2%) 
(2%) 

1 (2%) 
(51) 

2 (4%) 
1 (2%) 

9 (18%) 

(51) 

(51) 
3 
7 

10 
1 
2 

(2%) 

(6%) 
(14%) 
(2o%) 
(2%) 
(4%) 

1 (2%) 

(49) 

3 

(5o) 
1 

1 
(50) 

7 
6 

1 

(6%) 

(2%) 

(2%) 

(14%) 
(12%) 

(2%) 
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TAmJ~ C4 
Summary  of the Incidence of Nonneoplastic Lesions in Male Rats  in the 2.Year 
Chloraminated Water  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Hematopoleti¢ System (continued) 
Thymus (46) (46) (48) (49) 

Angiectasis 1 (2%) 
Cy~,t 1 (2%) 2 (4%) 2 
Ectopic parathyroid gland 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 1 (2%) 

(4%) 

Integumentary System 
Mammary gland 

Dilatation 
Hemorrhage 
Hyperplasia 
Inflammation, chronic 
Metaplasia, cartilagenous 

Skin : 
Abscess 
Cyst epithelial inclusion 
Hyperkeratosis 
Inflammation, chronic 
Subcutaneous tissue, fat, necrosis 

(48) (48) (49) (49) 
16 (33%) 22 (46%) 12 (24%) 14 
1 (2%) 
1 (2%) 2 (4%) 2 (4%) 1 

1 
1 (2%) 

(51) (50) (51) (50) 
1 (2%) 
I (2%) 1 (2%) 

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

1 (2%) 

(29%) 

(2%) 
(2%) 

(2%) 

Musculoskeletal System 
Bone 

Hyperostosis 
(51) (50) (51) (5o) 

1 (2%) 1 (2%) 

Nervous System 
Brain 

Atrophy 
Comprea~ion 
Hemorrhage 
Hydrocephalus 

(51) 

11 
5 

(22%) 
(lO%) 

(50) (51) 

12 (24%) 4 (8%) 

(50) 
1 
9 
2 
1 

(2%) 
(18%) 
(4%) 
(2%) 

Respiratory System 
Lung 

Congestion 
Fibrosis, focal 
Foreign body 
Hemorrhage 
Hyperplasia, macrophage 
Infiltration cellular, mixed cell 
Inflammation, acute 
Inflammation, suppurative 
Necrosis, focal 
Alveolar epithelium, hyperplasia 
Mediastinum, hemorrhage 
Mediastinum, inflammation, chronic 
Pleura, inflammation, chronic 

(51) 
1 (2%) 
1 (2%) 

7 (14%) 
3 (6%) 
3 (6%) 
1 (2%) 

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

(50) 
2 

1 

2 

(4%) 

(2%) 

(4%) 

(51) 
1 (2%) 

(4%) 

(2%) 

(50) 
i (2%) 

I (2%) 
3 (6%) 

1 (2%) 

1 (2%) 

3 (6%) 
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TABLE C4 
S u m m a r y  of  the  Incidence of  Nonneoplas t ic  Les ions  in Male  Ra t s  in the  2-Year  
Ch io r amina t ed  W a t e r  Study (continued) 

0 ppm $0 ppm 100 ppm 7200 ppm 

Respiratory System (continued) 
Nose (51) 

Fungus 5 
Inflammation, suppurative 16 
Muco~a, hyperplasia, squamous 1 

Trachea (51 ) 
Glands, cyst 1 

(5o) (51) (5o) 
(lO%) 11 (22%) 9 (18%) 8 (16%) 
(31%) 13 (26%) 13 (25%) 11 (22%) 
(2%) 

(2%) 
(50) (51) (50) 

Special Senses System 
Ear 

Pinna, hyperplasia, squamous 
Eye 

Atrophy 
Cataract 
Retina, degeneration 
Retrobulbar, inflammation, chronic 
Sclera, metaplasia, osseous 

Harderian gland 
Acinus, dilatation 

(1) (2) 
1 (100%) 

(5) (3) (1) 
1 (20%) 
1 (20%) 2 (67%) 
1 (20%) 3 (I00%) 1 (100%) 
1 (20%) 

1 (100%) 
(1) 

1 (100%) 

2 (lOO%) 
2 (lOO%) 

Urinary System 
Kidney 

cyst 
Necrosis, focal 
Nephropathy 
Pigmentation 
Pelvis, dilatation 
Pelvis, transitional epithelium, hyperplasia 
Renal tubule, hyperplasla 

Urethra 
Bulbourethral gland, dilatation 

Urinary bladder 
Edema 
Hemorrhage 
Inflammation, chronic 
Muscularis, hyperplasia 
Transitional epithelium, hypcrplasia 

(51) 
4 

50 

2 
1 
3 

(1) 
1 

(51) 

1 

1 

(8%) 

(98%) 

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

(ioo%) 
(50) 

(2%) 

(2%) 

(50) (51) 
5 (10%) 1 (2%) 
I (2%) 

50 (100%) 51 (100%) 
1 (2%) 

(5o) 
2 

50 
1 

(6%) 2 (4%) 1 

(51) 

1 (2%) 
1 (2%) 

(5o) 
1 
1 

(4%) 

(lOO%) 
(2%) 

(2%) 

(2%) 
(2%) 
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TABLE D!  
Summary o f  the Incidence of Neoplasms in Female Rats in the 2-Year 
Chloraminated Water Study 

0 ppm ~0 ppm 100 ppm 200 ppm 

Disposi t ion Summary  
Animals initially in study 70 70 70 70 
14-week interim evaluation 10 10 10 10 
66-week interim evaluation 10 10 10 10 
Early deaths 

Natural death 3 5 1 3 
Moribund 16 17 20 23 

Survivors 
Terminal sacrifice 31 28 29 24 

Animals examined microscopically 50 50 50 50 

Alimentary  System 
Intestine large, cecum (50) (50) 
Intestine large, colon (50) (50) 
Intestine large, rectum (50) (50) 
Intestine small, duodenum (50) (50) 
Intestine small, ileum (50) (49) 
Intestine small, jejunum (50) (50) 
Liver (50) (50) 

Hepatocellular adenoma 1 (2%) 3 
Mesentery (10) (11) 
Pancreas (50) (50) 
Salivary glands (49) (50) 
Stomach, forrestomach (50) (50) 
Stomach, glandular (50) (50) 
Tongue (1) (1) 

Papilloma squamous 1 (100%) 

(6%) 

(5O) 
(50) 
(50) 
(49) 
(49) 
(49) 
(50) 

1 
(5) 

(49) 
(50) 
(50) 
(5o) 
(1) 

1 

(2%) 

O0o%) 

(50) 
(50) 
(50) 
(50) 
(50) 
(50) 
(50) 

3 
(9) 
(50) 
(50) 
(49) 
(5O) 

(6%) 

Cardiovascular  System 
Heart (50) (50) (50) (50) 

Endocrine System 
Adrenal gland, cortex (50) (50) 

Adenoma 1 
Carcinoma 

Adrenal gland, medulla (50) (49) 
Pheochromocytoma benign 6 (12%) 2 
Bilateral, pheochromocytoma benign 1 (2%) 

Islets, pancreatic (50) (50) 
Adenoma 4 
Carcinoma I 

Pituitary gland (50) (49) 
Pars distalis, adenoma 33 (66%) 29 

Thyroid gland (50) (50) 
C-cell, adenoma 4 (8%) 4 
C-cell, carcinoma 1 (2%) 2 
Follicular cell, adenoma 3 (6%) I 
Follicular cell, carcinoma 1 

(2%) 

(4%) 

(8%) 
(2%) 

(59%) 

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

(5o) 
1 
1 

(50) 
5 
1 

(49) 
1 

(50) 
18 

(50) 
4 
2 
2 

(2%) 
(2%) 

(10%) 
(2%) 

(2%) 

(36%) 

(8%) 
(4%) 
(4%) 

(50) 
1 (2%) 

(50) 
5 (10%) 

(50) 

(50) 
31 (62%) 

(50) 
3 (6%) 

1 (2%) 
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TASLE D1 
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year 
Chioraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

General Body System 
Tissue NOS (1) 

Oral, squamous cell carcinoma 1 (lO0%) 
(2) 

Genital System 
Clitoral gland (48) 

Adenoma 5 (10%) 
Carcinoma 1 (2%) 

Ovary (50) 
Granulosa cell tumor NOS 

Uterus (50) 
Adenoma 
Histiocytic sarcoma 
Endometrium, deciduoma NOS 
Endometrium, polyp stromal 10 (20%) 
Endometrium, sarcoma stromal 

Vagina (8) 
Sarcoma 1 (13%) 

(50) 
8 (16%) 
1 (2%) 

(5o) 

(5o) 

9 (15%) 
1 (2%) 

(7) 

(5o) 
7 

(50) 
1 

(50) 
1 
1 
1 

12 
3 

(11) 
1 

(14%) 

(2%) 

(2%) 
(2%) 
(2%) 
(24%) 
(6%) 

(9%) 

(49) 
2 
1 

(5O) 

(50) 
1 

11 
1 

(12) 

(4%) 
(2%) 

(2%) 

(22%) 
(2%) 

Hematopoietic System 
Bone marrow (50) (50) (50) 
Lymph node (50) (50) (50) 
Lymph node, mandibular (48) (49) (49) 

Carcinoma, metastatic, thyroid gland 1 
Lymph node, mesenteric (49) (50) (50) 
Spleen (50) (50) (50) 

Hemangiosarcoma 
Thymus (49) (47) (49) 

(2%) 

(50) 
(50) 
(49) 

(50) 
(50) 

1 
(49) 

(2%) 

Integumentary System 
Mammary gland (50) 

Adenocarcinoma 2 (4%) 
Adenoma 1 (2%) 
Fibroadenoma 11 (22%) 
Fibroadenoma, multiple 5 (10%) 

Skin (50) 
Papilloma squamous 
Squamous eell carcinoma 1 (2%) 
Subcutaneous tissue, fibroma 2 (4%) 
Subcutaneous tissue, fibrosareoma 1 (2%) 
Subcutaneous tissue, lipoma 
Subcutaneous tissue, sarcoma 

(5o) 
1 (2%) 

15 (3o%) 
5 (10%) 

(50) 
1 (2%) 

(50) 
1 

13 
6 

(50) 

(2%) 

(26%) 
(12%) 

(2%) 

1 
13 
2 

(50) 

(2%) 
(26%) 
(4%) 

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

Musculoskeletal System 
None 
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TABLE D I  
S u m m a r y  of the  Inc idence  of Neoplasms in  Female  Rats  in  the 2-Year 
Chlo ramina t ed  W a t e r  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Nervous System 
Brain 

Glioma malignant 
Glioma NOS 
Oligodendroglioma NOS 

(48) (50) (49) (50) 
1 (2%) 

1 
1 (2%) 

(2%) 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Carcinoma, greater than five, metastatic, 

multiple, thyroid gland 
Nose 

Glands, carcinoma 

(5o) 
1 (2%) 

(50) 
i (2%) 

(5o) (5o) (5o) 
1 (2%) 2 (4%) 3 

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

(6%) 

Special Senses System 
Ear 

Pinna, schwannoma NOS 
Eye 

Lids, schwannoma NOS 
Zymbal's gland 

Adenoma 

(I) (1) (1) 
1 (I00%) 1 (100%) 1 (100%) 

(3) (1) (5) 
1 (20%) 

(1) 
I (100%) 

(6) 

Urinary System 
Kidney 

Lipoma 
Urinary bladder 

(5o) (5o) (50) (5o) 
1 

(5o) (50) (5o) (5o) 
(2%) 

Systemic Lesions 
Multiple organs a (50) (50) (50) 

Histiocytic sarcoma 1 (2%) 
Leukemia mononuclear 8 (16%) 11 (22%) 15 (30%) 
Lymphoma malignant lymphocytic 1 (2%) 

(5o) 

16 (32%) 

Tumor Summary 
Total animals with primary neoplasms b 

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 c 
Total animals with neoplasms uncertain- 

benign or malignant 
Total uncertain neoplasms 

48 45 44 47 
104 103 105 101 
45 42 37 44 
85 83 76 79 
16 15 22 19 
18 18 25 21 

2 
3 

1 2 4 1 
1 2 4 1 

a The number in parentheses is the number of animals with any tissue examined microscopically. 
b Primary tumors: all tumors except metastatic tumors 
c Secondary tumors: metastatic tumors or tumors invasive to an adjacent organ 



202 C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r ,  N T P  T R  3 9 2  

T A B L E  D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Female R a t s  i n  t h e  2-Year 
C h l o r a m l n a t e d  W a t e r  S t u d y :  0 ppm 

N u m b e r  o f  D a y s  o n  Study 
4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

7 0 3 6 7 2 3 5 6 6 6 6 6 7 7 0 0 1 2 3 3 3 3 3 3  

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

C a r c a s s  I D  N u m b e r  

1 0 0 1 1 0 1 1 1 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 6 6 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5  

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

A l i m e n t a r y  S y s t e m  
Esophagus  

Intestine large 
Intestine large, cecum 

Intestine large, colon 
Intestine large, rec tum 
Intestine small 
Intestine small, d u o d e n u m  

Intestine small, i leum 
Intestine small, j e junum 

Liver  
Hepa toce l lu la r  ad en o ma  

Mesentery  
Pancreas  

Salivary glands 
S tomach  
Stomach,  fo res tomach  
Stomach,  g landular  
Tongue  

Papi l loma squamous  
Too th  

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

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

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

+ 

C a r d i o v a s c u l a r  S y s t e m  

H e a r t  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  N y s t e m  

Adrena l  gland 
Adrena l  gland, cortex 
Adrena l  gland, medulla  

P h c o c h r o m o c y t o m a  benign 
Bilateral,  p h c o c h r o m o c y t o m a  

benign 
Islets, pancrea t ic  
Para thyro id  gland 

Pitui tary gland 
Pars  distalis, ad en o ma  

Thyroid  gland 
C-cell, a d e n o m a  
C-cell, ca rc inoma  
Foll icular  cell, ad en o ma  

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

X 

+ + + ÷ ÷ + + + + ÷ + + + + + + + + + 

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

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

X X  

X X 

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

X 

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

X X X X  X 
+ + + + + +  

+ :  Tissue examined microscopical ly M: Missing tissue X: Lesion present  
A: Autolysis precludes  examinat ion I: Insufficient tissue Blank: Not  examined 
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T A n L E  D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

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  

C a r c a s s  ID  N u m b e r  

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  

5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  T o t a l  

2 2 2 3  3 4  4 4 4 4  8 8 9  0 0 0 0 1 1 1 1  2 2 2 2 T ~ u ~  

3 4 5 4 5 1 2 3 4 5 4 5 4 2 3 4 5 2 3 4 5 2 3 4 5  T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hepatocellular  adenoma 
Mesentery 
Pancreas 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
+ + + + 10 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + - +  + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ 1 
X 1 

1 
C a r d i o v a s c u l a r  S y s t e m  
Heart + + + + + + + + + + + + + + + + + + + ÷ + + + + + 50 

E n d o c r i n e  S y s t e m  

Adrenal  gland 
Adrenal  gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 

+ + + + + ÷ + + + + + + + ~ + + + + + ÷ ~ +  + + + 50 

X X X X 6 

X 1 

÷ + ÷ ÷ ÷ + ÷ + ÷ ÷ ÷ ÷ ÷ + + + + + ÷ + + ÷ + + + 50 
XX XX XX X X X X X X X X  X XX 33 

÷ • • ÷ • + ÷ • • • ÷ • • ÷ + + ÷ • • • • + + ÷ • 50 

X X 4 

X I 

X 3 
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T ~ L ~  D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2-Year 
Chioraminated Water Study: 0 ppm (continued) 

Number of Days on Study 
4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

1 0 0 1 1 0 1 1 1 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 6 6 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5  

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

General B o d y  S y s t e m  
Tissue NOS 

Oral, squamous cell carcinoma 

+ 

X 

G e n i t a l  S y s t e m  
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Uterus  

Endometrium, polyp stromal 
Vagina 

Sarcoma 

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

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

X X X X  X X 
+ + + + 

X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

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

+ + + + + + + + + ~- + + + + + + M +  + + + + + + + 
+ + + + + + + M +  + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

X X X  X 
X X X 

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

X 
X X 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

A_denocarcinoma 
Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, 

fibrosarcoma X 

M u s c u l o s k e l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE D 2  

Individual  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  I n  t h e  2-Year 
C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

C a r c a s s  I D  N u m b e r  

. . ,  

G e n e r a l  Body  S y s t e m  

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  

5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6  T o t a l  

2 2 2 3 3 4 4  4 4 4  8 8 9 0 0  0 0 1 1 1 1 2  2 2 2 T i ~ u ~  

3 4 5 4 5 1 2 3 4 5 4 5 4 2 3 4 5 2 3 4 5 2 3 4 5  T u m o r  

Tissue NOS 
Oral, squamous cell carcinoma 

G e n i t a l  S y s t e m  
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Uterus 

Endometrium, polyp stromal 
Vagina 

Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 48 
X X X 5 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X X X 10 
+ + + + 8 

1 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + 48 

+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + M + + + + + + + + + + + + + +  49 

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

X X 
X 

X X X X X  X X 
X X 

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

50 
2 
1 

11 
5 

50 
1 
2 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Adenocarcinoma 
Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, 

fibrosarcoma 

Musculoskeletal S y s t e m  

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2-Year 
C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

Number of Days on Study 
4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  
7 0 3 6 7 2 3 5 6 6 6 6 6 7 7 0 0 1 2 3 3 3 3 3 3  
2 8 1 9 8 0 9 0 6 6 7 8 8 3 5 2 3 2 1 0 1 1 1 1 1  

C a r c a s s  ID N u m b e r  

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

Nervous  Sys t em 
Brain + + + + + + + + + + + + + + M +  + + + + + + + + + 

Resp i r a to ry  Sys tem 
Lung 

Alveolar/bronchiolar adenoma 
Nose 

Glands, carcinoma 
Trachea 

+ + + + + + +  

+ + + + + + +  

+ + + + + + +  

+ + +  + + + + +  + + 

+ + + + + + + + + + 

X 
+ + + + + + + + + + 

+ + + + + + + +  

+ + + + + + + +  

+ + + + + + + +  

Special  Senses  Sys t em 
Ear 

Pinna, schwannoma NOS 
Eye 
Zymbal's gland 

Adenoma 

+ + 
÷ 

X 

÷ 

X 

Ur ina ry  Sys tem 
Kidney 
Urinary bladder 

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

Sys temic  Les ions  
Multiple organs 

Leukemia mononu¢lear 
Lymphoma malignant 

lymphocytic 

X X X X X 



Les ions  in F e m a l e  R a t s  207 

TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2-Year 
C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

CareAg¢ ID Number 

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  
5 5 5  5 5 5 5 5 5  5 5 5 5 6 6 6  6 6 6 6 6 6 6 6 6 T o n i  

2 2 2 3  3 4  4 4 4 4  8 8 9 0 0 0 0  I 1 1 1  2 2 2 2 T ~ u ~  
3 4 5  4 5 1 2  3 4 5  4 5  4 2 3 4 5  2 3 4 5  2 3 4 5  T u m o ~  

N e r v o u s  Sys t em  
Brain + + + + + + + + + + + + + + + + + M + + + + + + +  ~ 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolarforonchiolar adenoma 
Nose 

Glands, carcinoma 
Trachea 

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

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

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

50 
1 

50 
1 

50 

Special  S e n s e s  S y s t e m  
Ear 

Pinna, schwannoma NOS 
Eye 
Zymbal's gland 

Adenoma 

U r i n a r y  S y s t e m  
Kidney 
Urinary bladder 

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

50 
50 

Sys temic  Les ions  
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant 

lymphocytic 

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

X X X 

X 

50 

8 
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T A B L E  D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Female  Rats  i n  t h e  2.Year 
C h l o r a m i n a t e d  W a t e r  S t u d y :  50 ppm 

N u m b e r  o f  D a y s  o n  S t u d y  

2 3 4 5 5 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

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

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

C a r c a s s  I D  N u m b e r  

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

7 7 8 8 7 7 8 7 7 7 7 8 8 7 7 8 7 8 7 7 8 8 7 7 7  

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

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

Alimentary System 
E s o p h a g u s  

In te s t ine  l a r g e  
In te s t ine  large ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  r e c t u m  
In tes t ine  smal l  
In te s t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  
L ive r  

H e p a t o c e l l u l a r  a d e n o m a  
M e s e n t e r y  
P a n c r e a s  

Sa l iva ry  g l a n d s  
S t o m a c h  
S t o m a c h ,  fo r res tomach  
S t o m a c h ,  g l a n d u l a r  

T o n g u e  

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

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

+ + + + ÷ + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

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

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

+ 

C a r d i o v a s c u l a r  S y s t e m  

B l o o d  vessel  
H e a r t  ÷ + + + + + + + ÷ ÷ + + + ÷ + + + + + + + ÷ + ÷ + 

E n d o c r i n e  S y s t e m  
A d r e n a l  g l a n d  
A d r e n a l  g l and ,  c o r t e x  

A d e n o m a  
A d r e n a l  g l and ,  m e d u l l a  

P h e o c h r o m o c y t o m a  b e n i g n  

Islets,  p a n c r e a t i c  
A d e n o m a  
C a r c i n o m a  

P a r a t h y r o i d  g l a n d  

P i t u i t a ry  g l a n d  
P a r s  distal is ,  a d e n o m a  

• T h y r o i d  g l a n d  
C-cel l ,  a d e n o m a  

C-cel l ,  car rc inoma 
Fo l l i cu l a r  cell,  a d e n o m a  
Fo l l i cu l a r  cell,  c a r c i n o m a  

+ + + + + + + + + + + + + + + + + + + + + + + ÷ + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + ÷ + + + + + + + + + + + + + 

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

X X 

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

X X  X X X  X X X X X X X  X X  X X  
+ + + + + + + + + + + + + + + + + + + + + + + + ÷ 

G e n e r a l  B o d y  System 
Tissue  N O S  + 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  5 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2  

C a r c a s s  ID  N u m b e r  

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  

7 8 8 8 8 8 8 8 8 8 8 8 7 7 7 7 7 7 7 7 7 7 7 7 7  T o t a l  

9 3 0 0 0 I 1 2 2 2 2 3 1 1 1 2 2 2 3 3 3 5 5 5 5 T i ~ u ~  

5 4 3 4 5 4 5 2 3 4 5 5 3 4 5 3 4 5 3 4 5 2 3 4 5 T u m o r  

Alimentary System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatocel lular  adenoma 
Mesentery 
Pancreas 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Tongue 

+ + + + + + +  + + + + +  + + + + + +  + + + + + +  + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + M + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X X 3 
+ + + + 11 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

+ 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Endocrine S y s t e m  
Adrenal gland 
Adrenal  gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Carcinoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
+ + + + + + + + + + + + + + + M +  + + + + + + + + ~ 

X 2 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X 4 
X 1 

+ + + + + + + + + + + + + + + + + + M + + + + + +  47 

+ + + M +  + + + + + + + + + + + + + + + + + + + + ~ 
X X X  X X X X X X X X X  X ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X X  X 4 

X X 2 
X 1 

X 1 

General B o d y  S y s t e m  
Tissue NOS + 2 
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TASLE D2 
Individual Animal Tumor Pathology of Female Rats in the 2-Year 
Chioraminated Water Study: 50 ppm (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

2 3 4 5 5 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

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

Carcass ID Number 

0 0 1 1 1 1 1 0 0 0 0 1 1 0 1 1 0 1 0 1 1 1 0 0 0  
7 7 8 8 7 7 8 7 7 7 7 8 8 7 7 8 7 8 7 7 8 8 7 7 7  

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

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

G e n i t a l  S y s t e m  
Clitoral gland 

A d e n o m a  
Carc inoma  

Ovary  
Ute rus  

Endomet r ium,  polyp s t romal  
Endomet r ium,  sa rcoma s t romal  

Vagina  

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

X X X X X  
X 

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

X X X X 

X 
+ + +  + 

H e m a t o p o i e t i c  S y s t e m  

Bone  mar row 
Lymph  node  
Lymph  node,  mandibu la r  
Lymph  node,  mesenter ic  
Spleen 

Thymus  

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

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

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

I n t e g u m e n t a r y  S y s t e m  
M a m m a r y  gland 

Adenoca rc inoma  
F ib roadenoma  
F ib roadenoma,  multiple 

Skin 
Papi l loma squamous  

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

X X  X X X X  

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

X 

M u s c u l o s k e l e t a i  S y s t e m  

Bone  + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  

Brain  + + + + + + + + + + + + + + + + + + + + + + + + + 
Oligodendroglioma NOS X 

R e s p i r a t o r y  S y s t e m  
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 

Alvcolar/bronchiolar adcnoma 

Nose  ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ 
Trachea  + + + + + + + + + + + + + + + + + + + + + + + + + 

S p e c i a l  S e n s e s  S y s t e m  

E a r  + 
Pinna, schwannoma N O S  X 

Eye + 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Ur ina ry  b ladder  + + + + + + + + + + + + + + + + + + + + + + + + + 

S y s t e m i c  L e s i o n s  

Multiple organs  + + + + + + + + + + + + + + + + + + + + + + + + + 
Leukemia  mononuc l ea r  X X X X X X X X 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  5 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2  

C a r c a s s  I D  N u m b e r  

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  

7 8 8 8 8 8 8 8 8 8 8 8 7 7 7 7 7 7 7 7 7 7 7 7 7  T o t a l  

9 3 0 0 0 1 1  2 2 2 2 3 1  1 1 2 2 2 3 3 3 5 5 5 5 T ~ u ~  

5 4 3 4 5 4 5 2 3 4 5 5 3 4 5 3 4 5 3 4 5 2 3 4 5 T u m o ~  

G e n i t a l  S y s t e m  
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Uterus 

Endometrium, polyp stromal 
Endometrium, sarcoma stromal 

Vagina 

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

X X X 

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

X X X X X  

+ + + 

50 
8 
1 

50 
50 
9 
1 
7 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + +  + + + + +  + + + + + +  + + + + + + + + + + +  50 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + M + + + +  47 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Papilloma squamous 

M u s c u l o s k e l e t a l  S y s t e m  

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

X X X X  X X X  X X  15 
X X 5 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 

N e r v o u s  S y s t e m  

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Oligodendroglioma NOS 1 

R e s p i r a t o r y  S y s t e m  

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Alveolar/bronchiolar adenoma X 1 

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

S p e c i a l  S e n s e s  S y s t e m  
Ear  

Pinna, schwannoma NOS 
Eye 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukemia mononuclear  X X X 11 
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TAnLE D2 
Individual Animal Tumor Pathology of Female Rats in the 2-Year 
Chloraminated Water Study: 100 ppm 

N u m b e r  o f  D a y s  on  S t u d y  

2 4 4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

1 1 1 0 1 0 0 0 1 0 1 1 0 0 1 1 1 1 0 1 1 0 0 0 0  
7 7 7 6 7 6 6 6 7 6 7 7 6 6 7 7 7 7 6 7 7 6 6 6 6  

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatocel lular  adenoma 
Mesentezy 
Pancreas 
Salivary glands 
Stomach 
Stomach, foi-estomach 
Stomach, glandular 
Tongue 

Papilloma squamous 

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

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

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

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

C a r d i o v a s c u l a r  S y s t e m  
Hear t  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Adenoma 
Carcinoma 

Adrenal  gland, medulla 
Pbeochromocytoma benign 
Bilateral, pheochromocytoma 

benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 

Pituitat T gland 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 

X 

X X  X 

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

X X X  X X  X X  X X X 
+ + + + + + + + + + + + + + + + ÷ + + + + + + + ÷ 

X 

X X 
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TABLE D2 
Individual Animal Tumor  Pathology of  Female Rats in the 2-Year 
Chloramlnated Water Study: 100 ppm ( cont inued)  

N u m b e r  o f  D a y s  o n  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

C a r c a s s  I D  N u m b e r  

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  

6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  T o t a l  

7 7 7 4 4 4 5 5 5 5 6 6 6 2 2 3 3 3 4 4 4 5 5 6 6  T ~ u ~  

3 4 5 3 4 5 2 3 4 5 3 4 5 4 5 3 4 5 3 4 5 4 5 4 5  T u m o ~  

Alimentary System 
E s o p h a g u s  

In te s t ine  l a r g e  
In tes t ine  la rge ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  r e c t u m  
In tes t ine  smal l  
In te s t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  
L ive r  

H e p a t o c e l l u l a r  a d e n o m a  
M e s e n t e r y  
P a n c r e a s  

Sa l ivary  g l ands  
S t o m a c h  
S t o m a c h ,  f o r e s t o m a c h  
S t o m a c h ,  g l a n d u l a r  

T o n g u e  
P a p i l l o m a  s q u a m o u s  

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

X 

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

+ 

X 

50  
50  
5 0  
5 0  
50  
5 0  
4 9  
4 9  
4 9  

5 0  
1 
5 

4 9  
5 0  
5 0  
5 0  
50 

1 
1 

C a r d i o v a s c u l a r  system 
H e a r t  + + + + + + + + + + + + + + + + + + + + + + + + + 5 0  

E n d o c r i n e  S y s t e m  

A d r e n a l  g l a n d  

A d r e n a l  g l and ,  co r t ex  
A d e n o m a  
C a r c i n o m a  

A d r e n a l  g l and ,  m e d u l l a  

P h e o c h r o m o c y t o m a  b e n i g n  
Bi la te ra l ,  p h e o c h r o m o c y t o m a  

b e n i g n  
Islets,  p a n c r e a t i c  

A d e n o m a  
P a r a t h y r o i d  g l a n d  
P i t u i t a ry  g l a n d  

P a r s  distal is ,  a d e n o m a  
T h y r o i d  g l a n d  

C-cel l ,  a d e n o m a  
C-cel l ,  c a r c i n o m a  
Fo l l i cu l a r  cell,  a d e n o m a  

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

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

X X 

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

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

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

X X X 
X X 

5 0  

5 0  
1 
1 

5 0  

5 

1 
49  

1 
50  
5 0  
18  
5 0  
4 
2 
2 
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TABLE D2 
Individual Animal Tumor Pathology of Female Rats in the 2.Year 
Chioraminated Water Study: 100 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

2 4 4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

1 1 1 0 1 0 0 0 1 0 1 1 0 0 1 1 1 1 0 1 1 0 0 0 0  
7 7 7 6 7 6 6 6 7 6 7 7 6 6 7 7 7 7 6 7 7 6 6 6 6  

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

General B o d y  S y s t e m  

None 

Genital System 
Clitoral gland 

Adenoma 

Ovary 
Granulosa cell tumor NOS 

Uterus 
Adenoma 
Histiocytic sarcoma 
Endometfium, deciduoma NOS 
Endometrium, polyp stromal 
Endometrium, sarcoma stromal 

Vagina 
Sarcoma 

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

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

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

X 
X 

X X X X  X X  
X X 

+ + + + + 

X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  

Carcinoma, metastatic, 
thyroid gland 

Lymph node, mesenteric 
Spleen 
Thymus 

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

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

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

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

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Subcutaneous tissue, fibroma 

X X X  X 
X X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  1 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

C a r c a s s  ID  N u m b e r  

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  

6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  T o t a l  

7 7 7 4 4 4 5 5 5 5  6 6 6 2 2 3 3 3 4 4 4 5 5  6 6  T ~ u ~  

3 4 5 3 4 5 2 3 4 5 3 4 5 4 5 3 4 5 3 4 5 4 5 4 5  T u m o r  

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  S y s t e m  
Clitoral gland 

A~enoma 

Ovary 
Oranulosa cell tumor NO$ 

Uterus 
Adenoma 
Histiocytic sarcoma 
Endometrium, deciduoma NO$ 
Endometrium, polyp stromal 
Endometrium, sarcoma stromal 

Vagina 
Sarcoma 

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

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

X 
+ + + + + + + + + + + + ~ +  + + + + + + + + + + + 

X 

X X 

+ + 

X X X X  
X 

+ + + + 

50 
7 

50 
1 

50 
1 
1 
1 

12 
3 

11 
1 

H e m a t o p o i e t i c  S y s t e m  

Bone marrow 
Lymph node 
Lymph node, mandibular  

Carcinoma, metastatic, 
thyroid gland 

Lymph node, mesenteric 
Spleen 

Thymus 

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

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

50 
50 
49 

1 
50 
50 
49 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Adenocarcinoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Subcutaneous tissue, fibroma 

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

X 
X X X  X X X X X X 

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

X 

50 
1 

13 
6 

5O 
1 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  100 p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  

2 4 4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

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

Careax~ I D  N u m b e r  

1 1 1 0 1 0 0 0 1 0 1 1 0 0 1 1 1 1 0 1 1 0 0 0 0  
7 7 7 6 7 6 6 6 7 6 7 7 6 6 7 7 7 7 6 7 7 6 6 6 6  

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

Muscu loske l e t a l  S y s t e m  
Bone + + + + + ÷ + + + + + + + + ÷ + + ÷ + + + + + + ÷ 

N e r v o u s  S y s t e m  
Brain 

Glioma malignant 
+ + + + + + + + + + + + + + + + + + + + M +  + + + 

X 

R e s p i r a t o r y  Sys t em  
Lung 

Alvcolar/bronchiolar adenoma 
Carcinoma, greater than five, 

metastatic, multiple, thyroid 
gland 

Nose 
Trachea 

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

X 

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

Special  S e n s e s  Sys t em  
Ear 

Pinna, schwannoma NOS 
Eye 

Lids, schwannoma NOS 

+ + 

U r i n a r y  S y s t e m  
Kidney 
Urinary bladder 

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

Sys temic  L e s i o n s  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 

X 
X X X  X X X  X X 
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TAmJ~ D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2-Year 
C h i o r a m i n a t e d  W a t e r  S t u d y :  100 p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

C a r c a s s  ID  N u m b e r  

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  
6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  T o ~ !  

7 7 7 4 4 4 5 5 5 5 6 6 6 2 2 3 3 3 4 4 4 5 5 6 6  T i ~ u ~  
3 4 5 3 4 5 2 3 4 5 3 4 5 4 5 3 4 5 3 4 5 4 5 4 5  T u m o ~  

Musculos l te le ta i  Sys t em  
Bone + + + + + + + + + + + +  + + + + + + + + + + + + + 50 

N e r v o u s  S y s t e m  
Brain 

Glioma malignant 

+ + + + + + + + + + + + + + + + + + + + + + + + + 49 
1 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveoiar/bronchiolar adenoma 
Carcinoma, greater than five, 

metastatic, multiple, thyroid 
gland 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 2 

X X 2 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Special  S e n s e s  Sys t em  
Ear 

Pinna, schwannoma NOS 
Eye 

Lids, schwannoma NOS 

+ 1 
X 1 

+ + 5 
X 1 

U r i n a r y  Sys t em  
Kidney 
Urina W bladder 

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

50 

50 

Sys temic  Les i ons  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear 

÷ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X X X X  

50 

1 
15 
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T A B t J ~  D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Female R a t s  i n  t h e  2.Year 
Chloramlnated Water Study: 200 ppm 

N u m b e r  o f  D a y s  o n  S t u d y  
4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  

6 0 0 1 8 8 9 9 1 2 2 6 6 8 8 8 8 9 9 9 0 0 1 1 2  

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

C a r c a s s  I D  N u m b e r  

1 0 1 0 1 1 0 0 1 0 1 1 1 0 0 1 1 0 0 1 0 1 0 1 0  
6 5 6 5 6 6 5 6 6 5 6 6 6 5 6 6 6 6 6 6 6 6 5 6 5  

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

A l i m e n t a r y  S y s t e m  
E s o p h a g u s  

In te s t ine  l a r g e  
In te s t ine  large ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  r e c t u m  

In tes t ine  smal l  
In tes t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  
L ive r  

H e p a t o c e l l u l a r  a d e n o m a  
M e s e n t e r y  
P a n c r e a s  

Sa l ivary  g l a n d s  
S t o m a c h  
S t o m a c h ,  f o r ~ t o m a c h  
S t o m a c h ,  g l a n d u l a r  

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

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

+ + + + + + + + + + + + + + + + + + + . +  + + + + + 

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

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

+ + + + + + + + + + + + + + I  + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

C a r d i o v a s c u l a r  S y s t e m  

H e a r t  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  
A d r e n a l  g l a n d  
A d r e n a l  g l and ,  c o r t e x  

A d e n o m a  

A d r e n a l  g l and ,  m e d u l l a  
P h e o c h r o m o c y t o m a  b e n i g n  

Islets, p a n c r e a t i c  
P a r a t h y r o i d  g l a n d  
P i t u i t a ry  g l a n d  

P a r s  distal is ,  a d e n o m a  
T h y r o i d  g l a n d  

C-cel l ,  a d e n o m a  
Fo l l i cu l a r  cell,  a d e n o m a  

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

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

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

X X X X X  X X X  X X X X  X X 
+ + + + + + + + + + + + + + + + + + + + + + ÷ + + 

X X 

X 

G e n e r a l  B o d y  S y s t e m  

N o n e  
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T A B L E  D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (cont inued)  

N u m b e r  o f  D a y s  o n  S t u d y  

7 7 7 7 7 7 7  

2 2 2 2 2 2 2  
5 9 9 9 9 9 9  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  

C a r c a s s  I D  N u m b e r  

1 0 0 0 0 0 0  

6 5 5 5 5 5 5  

7 7 7 7 8 8 9  

4 3 4 5 4 5 3  

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

5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  T o t a l  

9 9 0 0 0 1 1 5 5 5 5 6 6 7 8 8 8 9 T i ~ u ~  

4 5 3 4 5 4 5 2 3 4 5 4 5 5 3 4 5 5  T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rec tum 

Intestine small 
Intestine small, d u o d e n u m  

Intestine small, i leum 
Intestine small, j e junum 
Liver 

Hepatoce l lu la r  ad en o ma  
Mesentery  
Pancreas  
Salivary glands 
Stomach 
Stomach,  fores tomach 
Stomach,  g landular  

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X X 3 

+ 9 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

C a r d i o v a s c u l a r  S y s t e m  
Hear t  + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d o c r i n e  S y s t e m  
Adrena l  gland 
Adrena l  gland, cortex 

A d e n o m a  
Adrena l  gland, medulla  

Pheoch romocy toma  benign 
Islets, pancrea t ic  
Para thyro id  gland 
Pitui tary gland 

Pars  distalis, ad en o ma  
Thyroid  gland 

C-cell, adenoma  

Foll icular  ceil, ad en o ma  

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

+ + + + + + +  

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

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

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

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

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

X 

50 
50 
1 

50 
5 

50 
50 
50 
31 
50 
3 

1 

G e n e r a l  B o d y  S y s t e ~  

None  
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 . Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  Study 
4 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

1 0 1 0 1 1 0 0 1 0 1 1 1 0 0 1 1 0 0 1 0 1 0 1 0  
6 5 6 5 6 6 5 6 6 5 6 6 6 5 6 6 6 6 6 6 6 6 5 6 5  

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

G e n i t a l  S y s t e m  
Clitoral gland 

Adenoma 
Carcinoma 

Ovary 
Uterus 

Adenoma 
Endometrium, polyp stromal 
Endometrium, sarcoma stromal 

Vagina 

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

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

X X  X X X 

+ + + +  + + +  + 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesentcric 
Spleen 

Hemangiosarcoma 

Thymus 

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

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

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

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

Skin 
Subcutaneous tissue, 

fibrosarcoma 

Subcutaneous tissue, l ipoma 
Subcutaneous tissue, sarcoma 

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

X 
X X X X X X X 

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

X 

X 

M u s c u l o s k e l e t a l  S y s t e m  

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 
Glioma NOS X 

R e s p i r a t o r y  S y s t e m  

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 
Alvcolar/bronchiolar adcnoma X X 

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

S p e c i a l  S e n s e s  S y s t e m  

Eye + + + 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 

Lipoma 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 

Leukemia mononuclear  X X  X X X X X X X X X X 
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TABLE D2 
Individual Animal Tumor Pathology of Female Rats in the 2-Year 
Chioraminated Water Study: 200 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
5 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  

Carenx¢  I D  N u m b e r  

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

6 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  T o t a l  

7 7 7 7 8 8 9 9 9 0 0 0 1 1 5 5 5 5 6 6 7 8 8 8 9  T i ~ u ~  

4 3 4 5 4 5 3 4 5 3 4 5 4 5 2 3 4 5 4 5 5 3 4 5 5  T u m o ~  

G e n i t a l  S y s t e m  
Clitoral gland 

Adenoma 
Carcinoma 

Ovagy 
Uterus 

Adenoma 
Endometrium, polyp strromal 
Endometrium, sarcoma stromal 

Vagina 

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

+ + + +  
+ + + +  

X X  
X 
+ + 

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

X 
X X  X X 

+ + 

49 
2 
1 

50 
50 
1 

11 
1 

12 

H e m a t o ~ i e t i c S y s t e m  
B o n e m a ~  + + + + + + + + + + 
L ~ p h n ~ e  + + + + + + + + + + 
L ~ p h n ~ e ,  mandibular  + + + + + + + + + + 
L ~ n ~ e , m ~ n t e r i c  + + + + + + + + + + 
S ~ n  + + + + + + + + + + 

H e m a n g l ~ r ~  
~ + + + + + + + + + + 

+ + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + +  49 
+ +  + + +  + + + +  + + + + + +  50 
+ + + + +  + + + + +  + + + + +  50 

X 1 
+ + + + + + + + + + + + + + + ~ 

I n t e g u m e n t a r y  S y s t e m  

Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adenoma 1 
Fibroadenoma X X X X X X 13 
F'ibroadenoma, multiple X X 2 

Sicin + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Subcutaneous tissue, 

fibrosarcoma 
Subcutaneous tissue, lipoma X 
Subcutaneous tissue, sarcoma 

M u s c u l o s k e l e t a l  S y s t e m  

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 

N e r v o u s  S y s t e m  

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Glioma NOS 1 

R e s p i r a t o r y  S y s t e m  

Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Alveolar/bronchiolar adenoma X 3 

Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

S p e c i a l  S e n s e s  S y s t e m  
Eye + + + 

U r i n a r y  S y s t e m  

Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lipoma X 1 

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Leukemia mononuclear  X X X X 16 
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TABLE D 3  

S t a t i s t i c a l  Analysis of  Primary Neoplasms in Female R a t s  i n  t h e  2-Year 
Chloraminated Water Study 

0 ppm 50 ppm 100 ppm 200 ppm 

Adrenal  M e d u l l a :  Benign  Pheochromocytoma 
Overall rates a 
Adjusted rates b 
Terminal rates c 
First incidence a(days ) 
Life table tests u 
Logistic regression tests d 
Cochran-Armitag~e test d 
Fisher exact test u 

Clitoral Gland: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Cl i tora l  Gland :  Adenoma or Carc inoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Liver:. Hepatoceilular Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Lung: Aiveolar/bronchiolar Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

7/50 (14%) 2/49 (4%) 6/50 (12%) 5/50 (10%) 
21.9% 7.4% 16.3% 16.8% 
6/31 (19%) 2/27 (7%) 2/29 (7%) 2/24 (8%) 
721 729 (T) 584 687 
P=0.517 P=0.114N P=0.537N P=0.526N 
P=0.531N P=0.092N P=0.526N P=0.451N 
P=0.495N 

P=0.085N P=0.500N P=0.380N 

5/48 (10%) 8/50 (16%) 7/50 (14%) 2/49 (4%) 
16.1% 23.7% 22.7% 4.3% 
5/31 (16%) 4/28 (14%) 6/29 (21%) 0/24 (0%) 
729 (T) 540 667 508 
P = 0.208N P = 0.236 P = 0.332 P = 0.299N 
P = 0.129N P = 0.282 P = 0.374 P = 0.197N 
P=0.120N 

P=0.304 P=0.409 P=0.209N 

6/48 (13%) 9/50 (18%) 7/50 (14%) 3/49 (6%) 
19.4% 25.2% 22.7% 7.5% 
6/31 (19%) 4/28 (14%) 6/29 (21%) 0/24 (0%) 
729 (T) 452 667 508 
P=0.220N P=0.245 P=0.450 P=0.344N 
P=0.129N P=0.308 P--0.498 P=0.229N 
P=0.125N 

P=0.318 P=0.532 P=0.233N 

1/50 (2%) 3/50 (6%) 1/50 (2%) 3/50 (6%) 
3.2% 10.7% 3.4% 12.5% 
1/31 (3%) 3/28 (11%) 1/29 (3%) 3/24 (13%) 
729 (T) 729 (T) 729 (T) 729 (T) 
P=0.223 P=0.268 P--0.747 P=0.217 
P=0.223 P=0.268 P--0.747 P=0.217 
P=0.313 

P=0.309 P=0.753N P=0.309 

1/49 (2%) 1/50 (2%) 2/50 (4%) 3]50 (6%) 
3.3% 3.6% 5.7% 9.7% 
1/30 (3%) 1/28 (4%) 1/29 (3%) 1/24 (4%) 
729 (T) 729 (T) 619 589 
P=0.128 P=0.747 P=0.484 P=0.257 
P=0.166 P=0.747 P=0.503 P=0.309 
P=0.168 

P=0.747N P=0.508 P=0.316 
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TAaL~ D3 
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year 
Chioraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Mammary Gland: Fibroadenoma 
Overall rates e 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

16/50 (32%) 20/50 (40%) 19/50 (38%) 15/50 (30%) 
43.5% 54.6% 55.0% 44.5% 
11/31 (35%) 12/28 (43%) 14/29 (48%) 7/24 (29%) 
578 626 584 465 
P=0.442 P=0.199 P=0.274 P=0.430 
P=0.418N P--0.229 P=0.284 P=0.536N 
P=0.363N 

Mammary Gland: Adenoma or Fibroadenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.266 P=0.338 P = 0 . 5 ~ N  

17/50 (34%) 20/50 (40%) 19/50 (38%) 16/50 (32%) 
46.3% 54.6% 55.0% 46.2% 
12/31 (39%) 12/28 (43%) 14/29 (48%) 7/24 (29%) 
578 626 584 465 
P =0.418 P =0.254 P =0.343 P =0.420 
P=0.440N P=0.298 P=0.359 P=0.540N 
P=0.383N 

Mammary Gland: Adenoma, Fibroadenoma, or Adenocarcinoma 

P=0.339 P=0.418 P=0.500N 

Overall rates 19/50 (38%) 21/50 (42%) 19/50 (38%) 16/50 (32%) 
Adjusted rates 52.0% 57.5% 55.0% 46.2% 
Terminal rates 14/31 (45%) 13/28 (46%) 14/29 (48%) 7/24 (29%) 
First incidence (days) 578 626 584 465 
Life table tests P=0.512N P=0.310 P=0.493 P=0.554 
Logistic regression tests P=0.287N P=0.373 P=0.523 Pf0.381N 
Cochran-Annitage test P =0.237N 
Fisher exact test P=0.419 P=0.582N P=0.338N 

Pancrea t i c  Islets:  Adenoma  
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/31 (0%) 
First incidence (days) _e 
Life table tests P=0.348N 
Logistic regre~ion tests P=0.312N 
Cochran-Armitage test P=0.297N 
Fisher exact test 

Pancrea t i c  Islets:  Adenoma or  Carc inoma  
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/31 (0%) 
First incidence (days) - 
Life table tests P--0.296N 
Logistic regression tests P=0.261N 
Cochran-Armitage test P =0.243N 
Fisher exact test 

4/50 (8%) 1/49 (2%) 0/50 (0%) 
12.2% 3.6% 0.0% 
2/28 (7%) 1./28 (4%) 0/24 (0%) 
662 729 (T) - 
P=0.057 P=0.480 - 
P=0.060 P=0.480 - 

P=0.059 P=0.495 

5/50 (10%) 1149 (2%) 0/50 (0%) 
15.6% 3.6% 0.0% 
3/28 (11%) 1/28 (4%) 0/24 (0%) 
662 729 (T) - 
P=0.029 P=0.480 - 
P=0.031 P=0.480 - 

P--0.028 P=0.495 
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TABLE D3 

Sta t is t ica l  Analys is  o f  P r i m a r y  Neop lasms  in Fema le  Ra t s  in the  2-Ycar 
C h i o r a m i n a t e d  W a t e r  Study (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

Pituitary Gland (Pars Distalis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
F'wst incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

33/50 (66%) 29/49 (59%) 18/50 (36%) 31/50 (62%) 
78.1% 69.5%. 46.0% 78.4% 
22/31 (71%) 15/27 (56%) 9/29 (31%) 16/24 (67%) 
531 540 590 465 
P--0.393 P=0.489N Pffi0.017N P=0.331 
P=0.359N P~-0.365N P=0.003N P--0.469N 
Pffi0.326N 

Skin (Subcutaneous Tissue): Fibroma or Fibrosarcoma 

P=0.311N P=0.002N Pffi0.418N 

Overall rates 3/50 (6%) 0/50 (0%) 1/50 (2%) 1/50 (2%) 
Adjusted rates 8.0% 0.0% 3.4% 2.6% 
Terminal rates 1/31 (3%) 0/28 (0%) 1/29 (3%) 0/24 (0%) 
First incidence (days) 666 - 729 (T) 662 
Life table tests P=0.332N P=0.141N P=0.329N P=0.349N 
Logistic regremion tests P=0.299N P=0.120N P=0.313N P=0.298N 
Cochran-Armitage test P =0.296N 
Fisher exact test P-0.121N P=0.309N P=0.309N 

Skin (Subcutaneous Tissue): Fibroma, Fibrosarcoma, or Sarcoma 
Overall rates 3/50 (6%) 0/50 (0%) 1/50 (2%) 2/50 (4%) 
Adjusted rates 8.0% 0.0% 3.4% 5.7% 
Terminal rates 1/31 (3%) 0/28 (0%) 1/29 (3%) 0f24 (0%) 
First incidence (days) 666 - 729 (T) 662 
Life table tests P=0.599N Pffi0.141N P=0.329N P=0.551N 
Logistic regression tests P=0.559N Pf0.120N P=0.313N Pf0.495N 
CCochran-Armitage test Pf0.556N 
Fisher exact test Pf0.121N Pffi0.309N Pffi0.500N 

Thyroid Gland (C-cell): Adenoma 
Overall rates 4/50 (8%) 
Adjusted rates 10.6% 
Terminal rates 2/31 (6%) 
First incidence (days) 620 
Life table tests P=0.521N 
Logistic regression tests P--0.424N 
Cochran-Armitage test P=0.410N 
Fisher exact test 

Thyroid Gland (C-cell): Adenoma or Carcinoma 
Overall rates 5/50 (10%) 
Adjusted rates 13.7% 
Terminal rates 3/31 (10%) 
First incidence (days) 620 
Life table tests P=0.382N 
Logistic regression tests P=0.285N 
Cochran-Armitage test P=0.262N 
Fisher exact test 

4•50 (8%) 4•50 (8%) 3•50 (6%) 
14.3% 13.8% 8.6% 
4/7.,8 (14%) 4/29 (14%) 1/24. (4%) 
729 (T) 729 (T) 589 
P=0.594 P=0.600 P=0.580N 
P=0.631 P=0.628 P=0.471N 

P = 0.643N P = 0.643N P =0.500N 

6/50 (12%) 6/50 (12%) 3/50 (6%) 
21.4% 20.7% 8.6% 
6/28 (21%) 6/29 (21%) 1/24 (4%) 
729 (T) 729 (T) 589 
P=0.436 P=0.448 P=0.450N 
P = 0.482 P = 0.475 P =0.336N 

P=0.500 P=0.500 P=0.357N 
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TAnLE D3 
Stat is t ical  Analys is  of P r i m a r y  Neoplasms in  Female  Rats  in  the  2.Year  
Ch io r amina t ed  W a t e r  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Thyroid Gland (Follicular Cell): Adenoma 
Overall rates 3/50 (6%) 1/50 (2%) 2/50 (4%) 1/50 (2%) 
Adjusted rates 8.4% 3.6% 4.4% 2.7% 
Terminal rates 1/31 (3%) 1/28 (4%) 0/29 (0%) 0/24 (0%) 
First incidence (days) 667 729 (T) 560 687 
Life table tests P=0.313N P=0.333N P=0.517N P=0.342N 
Logistic regression tests P=0.273N P--0.313N P=0.458N P=0.312N 
Cochran-Armitage test P=0.279N 
Fisher exact test P=0.309N P=0.500N P=0.3O9N 

Thyroid Gland (Follicular Cell): Adenoma or Carcinoma 
Overall rates 3/50 (6%) 2/50 (4%) 2/50 (4%) 1/50 (2%) 
,Adjusted rates 8.4% 7.1% 4.4% 2.7% 
Terminal rates 1/31 (3%) 2/28 (7%) 0/29 (0%) 0/24 (0%) 
First incidence (days) 667 729 (T) 560 687 
Life table tests P=0.271N P--0.535N P=0.517N P=0.342N 
Logistic regression tests P=0.229N P=0.512N P=0.458N P=0.312N 
Cochran-Armitage test P =0.232N 
Fisher exact test P--0.500N P=0.500N P=0.3O9N 

Uterus: Stromal Polyp 
Overall rates 10/50 (20%) 
Adjusted rates 24.7% 
Terminal rates 4/31 (13%) 
First incidence (days) 508 
Life table tests P=0.240 
Logistic regression tests P=0.370 
Cochran-Atmitage test P =0.385 
Fisher exact test 

Uterus: Stromal Sarcoma 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/31 (0%) 
First incidence (days) - 
Life table tests P=0.301 
Logistic regression tests P=0.346 
Cochran-Armitage test P=0.351 
Fisher exact test 

Uterus: Stromal Polyp or Stromal Sarcoma 
Overall rates 10/50 (20%) 
Adjusted rates 24.7% 
Terminal rates 4/31 (13%) 
First incidence (days) 508 
Life table tests P=0.239 
Logistic regr~ion tests P=0.374 
Cochran-Atmitage test P =0.388 
Fisher exact test 

9/50 (18%) 12/50 (24%) 11/50 (22%) 
27.4% 34.4% 34.3% 
6/28 (21%) 7/29 (24%) 6/24 (25%) 
626 605 591 
P=0.558N P=0.366 P=0.363 
P=0.494N P=0.397 P---0.526 

P=0.5~N P=0.405 P=0.5~ 

1~0(2%) 3/50(6%) 1~0(2%) 
3.6% 8.3% 4.2% 
1/28(4%) 1/29(3%) 1/24(4%) 
7 ~ ( T )  620 7 ~ ( T )  
P=0.480 P=0.113 P=0.~9 
P=0.480 P=0.124 P=0,~9 

P=0.5~ P=0.121 P=0.5~ 

10/50 (20%) 15/50 (3o%) 11/50 (22%) 
30.7% 40.5% 34.3% 
7/28 (25%) 8/29 (28%) 6/24 (25%) 
626 605 591 
P=0.532 P=0.166 P=0.363 
P=0.597N P=0.175 P=0.526 

P=0.598N P=0.178 P=0.500 
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TA~L~ D3 
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year 
Chloramlnated Water Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

All Organs:  Mononuclear Leukemia 
Overall rates 8•50 (16%) 11/50 (22%) 15/50 (30%) 16/50 (32%) 
Adjusted rates 20.8% 29.0% 39.3% 41.4% 
Terminal rates 4/31 (13%) 428 (14%) 8/29 (28%) 4/24 (17%) 
First incidence (days) 472 540 465 592 
Life table tests P=0.021 P=0.280 P=0.077 P=0.036 
Logistic regression tests P=0.035 P=0.322 P=0.087 P=0.058 
Cochran-Armitage test P =0.034 
Fisher exact test P=0.306 P=0.077 P=0.050 

All Organs: Benign Tumors 
Overall rates 45/50 (90%) 42/50 (84%) 37/50 (74%) 44/50 (88%) 
Adjusted rates 95.7% 91.3% 84.0% 93.5% 
Terminal rates 29/31 (94%) 24/28 (86%) 22/29 (76%) 21/24 (88%) 
First incidence (days) 508 540 560 465 
Life table tests P=0.184 P=0.551 P=0.220N P=0.203 
Logistic regression tests P=0.500N P=0.400N P=0.054N P=0.5401~1 
Cochran-Armitage test P=0.448N 
Fisher exact test P=0.277N P=0.033N P=0.500N 

All Organs:  Mal ignant  Tumors 
Overall rates 16/50 (32%) 15/50 (30%) 22/50 (44%) 19/50 (38%) 
Adjusted rates 40.6% 39.2% 52.8% 48.9% 
Terminal rates 9/31 (29%) 7/28 (25%) 11/29 (38%) 6/24 (25%) 
First incidence (days) 472 452 465 592 
Life table tests P=0.117 P=0.571N P=0.146 P=0.201 
Logistic regression tests P=0.216 P=0.491N P=0.162 P=0.339 
Cochran-Armitage test P=0.213 
Fisher exact test P=0.500N P=0.151 P=0.338 

All Organs:  Benign and Mal ignant  Tumors 
Overall rates 48/50 (96%) 45/50 (90%) 44/50 (88%) 47/50 (94%) 
Adjusted rates 96.0% 93.7% 93.6% 95.9% 
Terminal rates 29/31 (94%) 25/28 (89%) 26/29 (90%) 22/24 (92%) 
First incidence (days) 472 299 465 465 
Life table tests P=0.154 P=0.540 P=0.468N P=0.198 
Logistic regression tests P=0.525N P=0.249N P=0.209N P=0.504N 
CochranoArmitage test P=0.500N 
Fisher exact test P=0.218N P=0.134N P=0.500N 

ST)Terminal sacrifice 
Number of tumor-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for 
adrenal gland, bone marrow, brain, clitoral gland, epididymis, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, ovary, 
pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary 
bladder; for other tissues, denominator is number of animals necropsied. 

b Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
c Observed incidence at terminal kill 
d Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dose group columns are the P values 

corresponding to paitwise comparisons between the controls and that dose group. The life table analysis regards tumors in animals 
dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these lesions as 
nonfatal. The Cochran-Armitage and Fisher Exact tests compare directly the overall incidence rates. For all tests, a negative trend 
or a lower incidence in a dose grroup is indicated by N. 

e Not applicable; no tumors in animal group 
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TABLE D4a 
Historical Incidence of Leukemias in Untreated Female F344/N Rats a 

Study Incidence in Controls 

Historical Incidence at Southern Research Institute 

Feed 
Nitrofurantoin 13/50 (26%) 
Rhodamine 6G 11/50 (22%) 
Roxarsone 14/50 (28%) 

Total 38/150 (25%) 
Standard deviation 3.1% 
Range 22%-28% 

Water 
Chloramine 8/50 (16%) 

Overall Historical Incidence 

Feed 

Total 
Standard deviation 
Range 

Water 

Toni 
Standard deviation 
Range 

124/500 (25%) 
6.1% 

14%-36% 

46nso (26%) 
8.5% 

16%-33% 

a Data as of 15 September 1990; includes data for lymphocytic, monocytic, mononuclear cell, and undifferentiated leukemias. 
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TASLE D4b 
Historical  Incidence of Pancreat ic  Islet  Neoplasms in Untreated Female  F344/N Rats  a 

Incidence in Controls 
Study Adenoma Carcinoma Adenoma or 

Carcinoma 

Historical Incidence at Southern Research Institute 

Feed 
Nitrofurantoin 0/50 (0%) 1/50 (2%) 1/50 (2%) 
Rhodamine 6G 2/48 (4%) 1/48 (2%) 3/48 (6%) 
Rogarsone 1/50 (2%) 0/50 (0%) 1/50 (2%) 

Total 3/148 (2%) 2/148 (1%) 5/148 0%) 
Standard deviation 2.0% 1.2% 2.3% 
Range 0%-4% 0%-2% 2%-6% 

Water 
Chloramine 0/50 (0%) 0/50 (0%) 0/50 (0%) 

Overall Historical Incidence 

Feed 

Total 
Standard deviation 
Range 

Water 

Total 
Standard deviation 
Range 

7/492 (1%) 3/492 (1%) 10/492 (2%) 
1.4% 1.0% 1.6% 

0%-4% 0%-2% 0%--6% 

4/180 (2%) 0/180 (0%) 4/180 (2%) 
2.0% 2.0% 

0%-4% 0%-4% 

a Data as of 15 September 1990 
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TAnL~ D5 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 2-Year Chioraminated Water Study 

0 ppm 50 ppm 100 ppm 200 ppm 

Dislmsition Summary 
Animals initially in study 
14-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 

Survivors 
Terminal sacrifice 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
10 10 10 10 

3 5 1 3 
16 17 20 23 

31 28 29 24 

50 50 50 50 

Alimentary System 
Intestine large, colon 

Inflammation, chronic 
Necrosis 
Parasite metazoan 
Perforation 

Intestine large, rectum 
Parasite metazoan 

Liver 
Angiectasis 
Basophilic focus 
Congestion 
cyst 
Fatty change 
Fibrosis, focal 
Focal cellular change 
Granuloma 
Hematopoieti¢ cell proliferation 
Hemorrhage 
Hepatodlaphragmatic nodule 
Hyperplasia, histiocyte, lymphoid 
Hyperplasia, multifocal 
Infiltration cellular, mixed cell 
Inflammation, focal 
Necrosis, focal 
Bile duct, hyperplasia 
Billa~y tract, fibrosis 
Centrilobular, atrophy 
Centrilobular, necrosis 
Serosa, fibrosis 

Mesentery 
Accessow spleen 
Infiltration cellular, lymphocytic 
Inflammation, chronic 

. Fat, necrosis 
Pancreas 

Atrophy, focal 
Cytoplasmic alteration 
Edema 
Duct, dilatation 

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

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

(50) (50) (50) (50) 
4 (8%) 4 (8%) 3 (6%) 4 

(50) (50) (50) (50) 
3 (6%) 2 (4%) 3 (6%) 2 
1 (2%) 
3 (6%) 1 (2%) 1 

1 (2%) 
10 (20%) 17 (34%) 13 (26%) 11 
1 (2%) 

36 (72%) 35 (70%) 32 (64%) 30 
39 (78%) 38 (76%) 36 (72%) 36 
6 (12%) 2 (4%) 3 (6%) 2 
1 (2%) 

10 (20%) 5 (10%) 6 (12%) 7 
1 (2%) 1 (2%) 2 
7 (14%) 6 (12%) 8 (16%) 15 
4 (8%) 11 (22%) 3 (6%) 9 

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

34 (68%) 32 (64%) 35 (70%) 35 
28 (56%) 27 (54%) 26 (52%) 24 
4 (8%) 7 (14%) 4 (8%) 9 

1 (2%) 2 
1 (2%) 

(10) (11) (5) (9) 
1 (10%) 1 (9%) 
1 (lO%) 
5 (50%) 6 (55%) 3 (6o%) 1 
2 (20%) 2 (18%) 1 (20%) 3 

(50) (50) (49) (50) 
6 (12%) 6 (12%) 7 (14%) 4 
1 (2%) 1 (2%) 

1 (2%) 

(s%) 

(4%) 

(2%) 

(22%) 

(6o%) 
(72%) 
(4%) 

(14%) 
(4%) 
(30%) 
(18%) 
(2%) 
(6%) 
(70%) 
(48%) 
(18%) 
(4%) 

(11%) 
(33%) 

(8%) 

(2%) 
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TABLE D5 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 2-Year Chloraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Alimentary System (continued) 
Salivary glands 

Focal cellular change 
Inflammation, chronic 
Mineralization 

Stomach, forestomach 
Cyst 
Edema 
Erosion 
Hyperplasia, basal cell 
Inflammation, chronic 
Perforation 
Ulcer 
Mucosa, hyperplasia, papillary 

Stomach, glandular 
Edema 
Erosion 
Inflammation, chronic 
Mucosa, hyp~rplasia 

Tongue 
Hyperplasia, squamous 

Tooth 
Dysplasia 
Inflammation, suppurative 

(49) (50) 
1 (2%) 
1 (2%) 

(5o) (5o) 

1 (2%) 
1 

7 (14%) 3 
2 (4%) 1 
6 (12%) 2 
9 (18%) 2 

(50) (50) 

1 (2%) 
2 (4%) 1 

(1) (1) 
1 

(1) 
1 (lOO%) 
1 (100%) 

(50) (5o) 

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

1 (2%) 
(49) 

(2%) 
(6%) 5 (10%) 5 
(2%) 1 (2%) 1 
(4%) 3 (6%) 4 
(4%) 5 (10%) 6 

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

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

(1) 
(100%) 

(10~) 
(2%) 
(8%) 
(12%) 

(2%) 

Cardiovascular System 
Blood vessel 

Mesenteric artery, inflammation, chronic 
Heart 

Thrombus 
Artery, inflammation, chronic 

(50) 

1 (2%) 

(1) 
1 

(50) 
(lOO%) 

(50) 
2 

(2%) 
(4%) 

(50) 

Endocrine System 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
Anglectasis 
Congestion 
Degeneration 
Fibrosis 
Focal cellular change 
Hyperplasia 
Necrosis 
Vacuolization cytoplasmic 

Adrenal gland, medulla 
Developmental malformation 
Hyperpl~la 
Infiltration cellular, lymphocytic 

Parathyroid gland 
Hyperplasia 

(5o) 
1 (2%) 

i (2%) 

16 (32%) 

i (2%) 
(50) 

5 (io%) 

(49) 

(5o) 

2 
2 

14 

1 
3 

(49) 
1 
6 

(47) 

(50) 

(4%) 1 
(4%) I 

1 
1 

(28%) 14 

(2%) 
(6%) 2 

(5o) 
(2%) 
(12%) 6 

(5o) 

(2%) 
(2%) 
(2%) 
(2%) 
(28%) 

(4%) 

(12%) 

(5o) 

16 
2 

1 
(50) 

9 
1 

(50) 
1 

(32%) 
(4%) 

(2%) 

(IS%) 
(2%) 

(2%) 
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TABLE D$ 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 2-Year Chloraminated Water Study (continued) 

0 ppm ' 50  ppm 100 ppm 200 ppm 

Endocrine System (continued) 
Pituitary gland 

Anglectasis 
cyst 
Hemorrhage 
Pars distalis, hyperplasia, focal 

Thyroid gland 
Degeneration, cystic 
Ultimobranchial cyst 
C-cell, hyperplasia 
Follicle, cyst 
Follicular cell, hyperplasia 

(50) (49) 
38 (76%) 40 
3 (6%) 1 

1 
6 (12%) 6 

(50) (50) 
3 (6%) 
1 (2%) 
7 (14%) 8 
1 (2%) 
2 (4%) 

(50) (50) 
(82%) 36 (72%) 40 (80%) 
(2%) 4 (8%) 3 (6%) 
(2%) 1 (2%) 
(12%) 9 (18%) 2 (4%) 

(50) (50) 

(16%) 11 (22%) 4 (8%) 

General Body System 
Tissue NOS 

Abdominal, hemorrhage 
(I) (2) 

1 (50%) 

Genital System 
Clitoral gland (48) (50) 

Degeneration, cystic 1 (2%) 1 
Hyperplasia 3 (6%) 4 
Inflammation, suppurative 11 (23%) 8 

Ovary (50) (50) 
Anglectasis 
Corpus luteum, proliferation 1 (2%) 
Corpus luteum, thecal cell, hyperplasia 1 (2%) 1 
Follicle, cyst 2 (4%) 
Periovarian tissue, cyst 1 

Uterus (50) (50) 
cyst 
Deeidual reaction 
Hemorrhage 2 (4%) 
Hydrometra 2 (4%) 1 
Inflammation, suppurative 
Cervix, lamina propria, hyperplasia 
Endometrium, hyperplasia, cystic 26 (52%) 32 
Horn, atrophy 

Vagina (8) (7) 
Cyst 6 (75%) 6 
Inflammation, suppurative 2 (25%) 4 

(50) (49) 
(2%) 2 (4%) 1 (2%) 
(8%) 6 (12%) 3 (6%) 
(16%) 9 (18%) 5 (10%) 

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

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

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

1 (2%) 
1 (2%) 

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

1 (2%) 
(64%) 38 (76%) 18 (36%) 

1 (2%) 
(11) (12) 

(86%) 10 (91%) 7 (58%) 
(57%) 8 (73%) 2 (17%) 
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TABLE D$ 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats 
in the 2-Year Chioraminated Water Study (continued) 

0 ppm ~0 ppm 100 ppm 200 ppm 

Hematopoietic System 
Bone marrow (50) (50) (50) (50) 

Hypercellularity 4 (8%) 7 (14%) 5 (10%) 5 (10%) 
Myelofibrosis 1 (2%) 1 (2%) 

Lymph node (50) (50) (50) (50) 
Inguinal, angiectasis 1 (2%) 
Inguinal, hyperplasia 3 (6%) 2 (4%) 
Inguinal, inflammation, suppurative 1 (2%) 
Mediastinal, angiectasis 3 (6%) 3 (6%) 7 (14%) 7 (14%) 
Mediastinal, hyperplasla 1 (2%) 
Pancreatic, angiectasis 1 (2%) 3 (6%) 1 (2%) 
Pancreatic, hyperplasia, histiocyte 1 (2%) 
Renal, angiectasis 2 (4%) 

Lymph node, mandibular (48) (49) (49) (49) 
Angiectasis 3 (6%) 1 (2%) 3 (6%) 2 (4%) 
Hyperplasia 5 (10%) 1 (2%) 3 (6%) 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

Lymph node, mesenteric (49) (50) (50) (50) 
Angiectasis 2 (4%) 1 (2%) 3 (6%) 3 (6%) 
Hyperplasia 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

Spleen (50) (50) (50) (50) 
Depletion 1 (2%) 2 (4%) 
Developmental malformation 1 (2%) 
Fibrosis 1 (2%) 1 (2%) 1 (2%) 
Hematopoietic cell proliferation 12 (24%) 8 (16%) 7 (14%) 9 (18%) 
Hyperplasia, histioo/te, lymphoid 2 (4%) 4 (8%) 2 (4%) 6 (12%) 
Necrosis, focal 1 (2%) 
Capsule, hyperplasia, histioojte, lymphoid 1 (2%) 

Thymus (49) (47) (49) (49) 
Cyst 3 (6%) 2 (4%) 
Epithelial cell, hyperplasia 1 (2%) 

Integumentary System 
Mammary gland 

Dilatation 
Fibrosis 
Hyperplasia 
Inflammation, suppurative 

Skin 
Abscess 
Erosion 
Exudate 
Hemorrhage 
Hyperkeratosis 
Inflammation, chronic 
Ulcer 
Epidermis, hyperplasia 
Sebaceous gland, cyst 
Subcutaneous tissue, foreign body 

(50) (50) (50) (50) 
40 (80%) 43 (86%) 40 (80%) 38 (76%) 

1 (2%) 
3 (6%) a (6%) 5 (10%) 7 (14%) 

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

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

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

1 (2%) 
1 (2%) 
1 (2%) 
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TAnLE D5 
Summary  of  the Incidence of  Nonneoplast ic  Lesions in Female Rats 
in the 2-Year Chloraminated Water Study (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

Musculoskeletai System 
Bone (50) (50) 

Hyperostosis 9 (18%) 6 (12%) 
(50) 

11 (22%) 
(50) 

9 (18%) 

Nervous System 
Brain (48) (50) 

Compression 11 (23%) 16 (32%) 
Hemorrhage 2 (4%) 

(49) 
5 (10%) 

(50) 
7 (14%) 
3 (6%) 

Respiratory System 
Lung (50) (50) (50) 

Congestion 3 (6%) 1 (2%) 
Foreign body 1 (2%) 
Hemorrhage 1 (2%) 3 (6%) 1 (2%) 
Hyperplasia, macrophage 3 (6%) 1 (2%) 2 (4%) 
Infiltration cellular, mixed cell 3 (6%) 
Inflammation, acute 1 (2%) 
Inflammation, pyogranulomatous 1 (2%) 
Alveolar epithelium, hyperplasia 2 (4%) 4 (8%) 

Nose (50) (50) (50) 
Foreign bcxly 1 (2%) 
Fungus 3 (6%) 7 (14%) 3 (6%) 
Inflammation, suppurative 3 (6%) 8 (16%) 3 (6%) 

(50) 
1 (2%) 

2 (4%) 
3 (6%) 
4 (s%) 

4 (8%) 
(50) 

3 (6%) 
4 (8%) 

Special Senses System 
Eye (3) 

Atrophy 
Cataract 3 (100%) 
Hemorrhage 
Cornea, inflammation, acute 
Retina, degeneration 2 (67%) 

(1) 

1 (100%) 

(5) 

4 (80%) 
1 (2o%) 

3 (6o%) 

(6) 
2 (33%) 
4 (67%) 

6 (lOO%) 

Urinary System 
Kidney (50) (50) 

Atrophy 
Cyst 
Fibrosis 1 (2%) 
Hydronephrosis 
Inflammation, suppurative 1 (2%) 
Mineralization 2 (4%) 2 (4%) 
Nephropathy 46 (92%) 48 (96%) 
Pigmentation 1 (2%) 
Pelvis, transitional epithelium, hyperplasia 
Renal tubule, vacuolization cytoplasmic 1 (2%) 

Urinary bladder (50) (50) 
Hemorrhage 
Inflammation, chronic 
Transitional epithelium, hyperplasia 1 (2%) 

(50) 
1 (2%) 

1 (2%) 
2 (4%) 

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

(5o) 
I (2%) 
1 (2%) 
1 (2%) 

(5o) 
1 (2%) 
3 (6%) 

1 (2%) 
i (2%) 

49 (9a%) 

1 (2%) 

(5o) 
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236 Chlorinated and Chloraminated Water, NTP TR 392 

TABLE E1 
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year 
Chlorinated Water Study 

0 ppm 70 ppm 140 ppm 275 ppm 

Disposition Summary 
Animals initially in study 
15-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 
Accidental death 

Sutvivora 
Terminal sacrifice 
Died last week of study 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
10 10 10 9 

4 6 2 8 
12 16 13 10 
0 0 0 1 

34 27 35 32 
0 1 0 0 

50 50 50 51 

Alimentary System 
Intestine small, ileum 

Carcinoma 
Intestine small, jejunum 

Carcinoma 
Liver 

Carcinoma, metastatic, islets, pancreatic 
Hemangiosarcoma 
Hemanglosarcoma, metastatic 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, two, multiple 
Hepatocellular carcinoma, three, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, two, multiple 
Hepatoceilular adenoma, three, multiple 
Hepatocellular adenoma, four, multiple 
Hepatocellular adenoma, five, multiple 
Hepatocellular adenoma, greater than five, 

multiple 
Histiocytic sarcoma 
Sarcoma 

Mesentery 
Fibrosarcoma, metastatic, skeletal muscle 
Hemangiosarcoma 
Hepatoblastoma, metastatic, liver 

Pancreas 
Salivary glands 

Sarcoma 
Stomach, forestomach 

Hepatoblastoma, metastatic, liver 
Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 

(48) 
1 (2%) 

(49) 

(5O) 

1 (2%) 

1 (2%) 
9 (18%) 
2 (4%) 
1 (2%) 
8 (16%) 

lO (20%) 
9 (18%) 
2 (4%) 

1 (2%) 

1 (2%) 
(7) 

1 (14%) 

1 (14%) 
(5o) 
(50) 

1 (2%) 
(50) 

1 (2%) 
1 (2%) 

(50) 

(48) 

(50) 
1 (2%) 

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

10 (20%) 
3 (6%) 

15 (30%) 
10 (20%) 
2 (4%) 
1 (2%) 
1 (2%) 

1 (2%) 

(3) 

(5o) 
(50) 

(50) 

1 

(50) 

(2%) 

(49) (49) 
1 

(50) (49) 
2 

(50) (51) 

2 (4%) 1 

(2%) 

(4%) 

(2) 

1 

(50) 
(50) 

(50) 

1 

(50) 

(2%) 

11 (22%) 10 (20%) 
1 (2%) 2 (4%) 

2 (4%) 
10 (20%) 15 (29%) 
11 (22%) 5 00%) 
4 (8%) 4 (8%) 
2 (4%) 

(3) 

(51) 
(51) 

(50) 

1 
(50) 

(50%) 

(2%) 

(2%) 

(2%) 
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TAnL~ E1 
S u m m a r y  of  the Incidence  of  Neoplasms in Male Mice in the  2 .Year  
Chlor ina ted  W a t e r  S tudy (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Cardiovascular System 
Blood vessel 

Hemangioma 
Heart 

Sarcoma 
(50) (5o) (50) 

1 (2%) 

(1) 
1 

(51) 
(100%) 

Endocrine System 
Adrenal gland, cortex 

Adenoma 
Hepatoblastoma, metastatic, liver 
Capsule, adenoma 

Adrenal gland, medulla 
Neuroblastoma benign 
Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 

Thyroid gland 
C-cell, carcinoma 
Follicular cell, adenoma 

(50) (5o) (50) (51) 
1 (2%) 1 (2%) 

1 (2%) 
5 (10%) 4 (8%) 1 (2%) 5 (10%) 

(49) (50) (50) (51) 
I (2%) 

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

(50) (50) (50) (51) 
1 (2%) 1 (2%) 
1 (2%) 

(50) (5O) (50) (51) 
1 (2%) 

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

General Body System 
Tissue NOS (1) 

Genital System 
Epididymis 
Preputial gland 

Sqnamous cell carcinoma 
Prostate 
Testes 

Interstitial cell, adenoma 

(50) (50) (50) (51) 
(4) (11) (20) (7) 

1 
(50) (49) (50) (51) 
(50) (50) (SO) (Sl) 

1 (2%) 

(14%) 

Hematopoietic System 
Bone marrow 

Carcinoma, metastatic, thyroid gland 
Hemangiosarcoma 
Histiocytic sarcoma 

Lymph node 
Inguinal, renal, popliteal, sarcoma 
Mediastinal, hepatoblastoma, metastatic, 

liver 
Mediastinal, hepatocellular carcinoma, 

metastatic, liver 
Mediastinal, squamous cell carcinoma, 

metastatic, preputial gland 
Lymph node, mandibular 

Carcinoma, metastatic, harderian gland 

(50) 

1 (2%) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 

(49) 

(5o) (50) 
1 

i (2%) 
(50) (50) 

1 (2%) 

(48) 
1 (2%) 

(48) 

(2%) 
(51) 

(51) 

1 

08) 
(2%) 
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TABLE E1 
Summary  of the Incidence of Neoplasms in Male Mice In the 2-Year 
Chlorinated Drinking Water  Study (continued) 

0 ppm 70 ppm 140 ppm 27S ppm 

Hematopoletic System (continued) 
Lymph node, mesenteric (46) (48) (50) 

Hemangiosarcoma 1 (2%) 
Histiocytic sarcoma 1 (2%) 

Spleen (50) (50) (50) 
Hemangioma 1 (2%) 1 
Hemangiosarcoma 3 (6%) 2 (4%) 1 
Hepatoblastoma, metastatic, liver 1 (2%) 
Histiocytic sarcoma 1 (2%) 

Thymus (47) (43) (46) 
Hemangioma 1 (2%) 

(50) 

(51) 
(2%) 1 (2%) 
(2%) 

(49) 

Integumentary System 
Skin 

Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemangiosarcoma 
Subcutaneous tissue, melanoma malignant 
Subcutaneous tissue, sarcoma 

(50) (49) (50) 
1 (2%) 

1 
1 (2%) 

1 

(2%) 

(2%) 

(51) 

Musculoskeletal System 
Skeletal muscle 

Fibrosarcoma 
Hepatoblastoma, metastatic, liver 
Sarcoma 
Squamous cell carcinoma, metastatic, 

preputial gland 

O) 
1 (33%) 
1 (33%) 
1 (33%) 

(1) 

1 (100%) 

Nervous System 
Brain (50) (50) (50) (51) 

Respiratory System 
Lung (50) (50) 

Alveolar/bronchiolaradenoma 14 (28%) 8 (16%) 
Alveolar/bronchiolar adenoma, two, multiple 1 (2%) 2 (4%) 
Alveolar/bronchiolar carcinoma 8 (16%) 2 (4%) 
Alveolar/bronchiolar carcinoma, three, multiple 
Carcinoma, metastatic, harderian gland 1 (2%) 
Fibrosarcoma, metastatic, skeletal muscle 1 (2%) 
Hepatoblastoma, metastatic, liver 1 (2%) 
Hepatocellular carcinoma, metastatic, liver 3 (6%) 2 (4%) 
Sarcoma 1 (2%) 
Squamous cell carcinoma, metastatic, 

preputial gland 
Mediastinum, hemangioma 1 (2%) 

Nose (50) (50) 
Carcinoma, metastatic, harderian gland 1 (2%) 

(50) (51) 
14 (28%) 13 
1 (2%) 
5 (lO%) 7 
1 (2%) 1 

1 

(25%) 

(50) 

(14%) 
(2%) 
(2%) 

1 (2%) 1 (2%) 

1 

(51) 

(2%) 
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T~LE E1 
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year 
Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Special Senses System 
Harderian gland 

Adenoma 
Carcinoma 

(3) (5) (4) (1) 
3 (100%) 3 (60%) 4 (100%) 

1 (20%) 1 (100%) 

Urinary System 
Kidney 

Hepatoblastoma, metastatic, liver 
Hepatocellular carcinoma, metastatic, liver 
Sarcoma 
Renal tubule, adenoma 
Renal tubule, carcinoma 

Urinary bladder 

(50) 
1 

1 

(50) 

(2%) 

(2%) 

(50) 

1 (2%) 

(5o) (50) 

(50) (51) 

1 (2%) 
1 (2%) 

(51) 

Systemic Lesions 
Multiple organs a 

Histiocvtic sarcoma 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated cell 

(50) (50) (50) 
1 (2%) 
3 (6%) 2 

1 
(4%) 
(2%) 

(51) 

4 (s%) 

Tumor Summary 
Total animals with primary neoplasms b 

Total primary neoplasms 
Total animals with benign neoplasms 

Total benign neoplasms 
Total animals with malignant neoplasms 

Total malignant neoplasms 
Total animals with secondary neoplasms c 

Total secondary neoplasms 

42 45 44 47 
95 82 80 83 
39 35 37 34 
60 51 52 48 
22 26 20 29 
35 31 28 35 

4 5 2 3 
14 9 2 5 

a The number in parentheses is the number of animals with any tissue examined microscopically. 
b Primary tumors: all tumors except metastatic tumors 
¢ Secondary tumors: metastatic tumors or tumors invasive to an adjacent organ 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  in  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  

Number  of  Days  on Study 
5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

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

A l i m e n t a r y  S y s t e m  
Esophagus 

Gallbladder  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Carcinoma 
Intestine small, je junum 
Liver 

Hemangio~arcoma 
Hepatoblastoma 
Hepatoeel lular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatoeel lular  carcinoma, 

three, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatoeel lular  adenoma, 

three, multiple 
Hepatoeel lular  adenoma, 

four, multiple 
Hepatocel lular  adenoma, 

greater  than five, multiple 
Sarcoma 

Mesentery 
Fibrosarcoma, metastatic, 

skeletal muscle 
Hepatoblastoma, metastatic, 

liver 

Pancreas 
Salivary glands 

Sarcoma 
Stomach 
Stomach, forestomach 

Hepatoblastoma, metastatic, 
liver 

Papilloma squamous 
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + ÷ + + + + + + + + + + ÷ + 

+ + + + M + + + + + + + + + + + + + + + + M + M +  
+ + + + + + + + + + + + + ÷ + + + + + ÷ + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

+ + + + + + A +  + + + + + + + + + + + + + + + + + 

+ + + + + + A  + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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 

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

+:  Tissue examined microscopically M: Missing tissue X: Lesion present 
A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continuod) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 8 8 8 8  

Care~.x~ ID  N u m b e r  

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  

2 2 0 1 1 1 1 1 1 1 1 2 2 3 3 3 3 4 4 3 4 2 2 2 2  T o ~ l  

I 2 8 0 1 2 4 5 6 7 8 4 5 4 6 7 8 4 5 9 1 1 2 4 5  T i ~ u ~  

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  T u m o r  

A l i m e n t a r y  S y s t e m  

Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Carcinoma 
Intestine small, jejunum 
Liver 

Hemanglosarcoma 
Hepatoblastoma 
Hepatoeel lular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatocel lular  carcinoma, 

three, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Hepatocellular  adenoma, 

greater than fr~e, multiple 
Sarcoma 

Mesentery 
Fibrosarcoma, metastatic, 

skeletal muscle 

Hepatoblastoma, metastatic, 
liver 

Pancreas 
Salivary glands 

Sarcoma 
Stomach 
Stomach, forestomach 

Hepatoblastoma, metastatic, 
liver 

Papilloma squamous 
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + M + +  + + + + + +  + M +  + + + + M +  + + +  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + +  + + + + + +  + + + + + + + +  + + + + + +  + + 49 
+ + + +  + + + + +  + + + + + + +  + + + + + + +  + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + +  + + + + + +  + + + + + M +  + + +  + + + 49 

+ + + + + + M +  + + + + + + + + + + + + + + + + + ~ 
X 1 

+ + +  + + + + + +  + + + + + + + +  + +  + + + + + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
1 

X X 9 

X 2 

1 
X X X X X  8 

X X X X X 10 

X X X 9 

X X 2 

X 

+ + + 

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

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

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

1 
50 
50 
1 
50 
50 

1 
1 

50 
17 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  Study: 
0 p p m  (continued) 

N u m b e r  o f  D a y s  on  Study 
5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

0 0 0 0 5 0 5 5 5 5 0 5 0 5 5 5 0 0 0 0 0 5 5 5 5  
0 2 0 2 3 0 4 2 3 2 1 2 1 4 4 3 0 0 0 0 0 2 2 3 3  

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

C a r d i o v a s c u l a r  System 
Heart  

Sarcoma 

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

X 

E n d o c r i n e  System 
Adrenal  gland 
Adrenal  gland, cortex 

Hepatoblastoma, metastatic, 
liver 

Calmule , adenoma 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

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

X 
X 

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

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

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

X 

General B o d y  S y s t e m  

None 

G e n i t a l  System 
Coagulating gland 
Epididymis 
Preputial  gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

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

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

X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 

Hemangiosarcoma 
Lymph node 

Inguinal, renal, popliteal, 
s~rcol I l~  

Mediastinal, hepatoblastoma, 
metastatic, liver 

Mediastinal, hepatocelluiar 
carcinoma, metastatic, liver 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemangioma 
Hemangiosarcoma 
Hepatoblastoma, metastatic, 

liver 
Thymus 

Hemangloma 

X 

X 

X 
÷ + + + ÷ + + ÷ + + + ÷ ÷ + ÷ + ÷ + ÷ + + ÷ @ + ÷ 

+ A +  + + + + + + + + ÷ + + + + + + M +  + + ÷ ÷ + 
+ + + + + ÷ + ÷ ÷ ÷ ÷ + + ÷ + + + + ÷ ÷ ÷ ÷ + + + 

X 

X 
+ + ÷ + + + + + + + M + + + + + + +  + + + + + + +  
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 8 8 8 8  

C a r c a s s  I D  N u m b e r  

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  

2 2 0 1 1 1 1 1 1 1 1 2 2 3 3 3 3 4 4 3 4 2 2 2 2  T o t a l  

I 2 8 0 1 2 4 5 6 7 8 4 5 4 6 7 8 4 5  9 I 1 2 4 5  T i ~ u ~  

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  T u m o r  

C a r d i o v a s c u l a r  S y s t e m  

Heart  
Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 

Hepatoblastoma, metastatic, 
liver 

Capsule, adenoma 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

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

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

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

1 
X 5 
+ + + +  49 
X 1 
+ + + +  5O 
+ + + +  49 
+ + + +  ~ 

+ + + +  50 
1 

G e n e r a l  Body  S y s t e m  
None 

G e n i t a l  S y s t e m  
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

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

+ I + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

8 
50 

4 
50 
50 
50 
1 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 

Hemanglosarcoma 
Lymph node 

Inguinal, renal, popliteal, 
sarcoma 

Mediastinal, hepatoblastoma, 
metastatic, liver 

Mediastinal, hepatocellular 
carrcinoma, metastatic, liver 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemangloma 
Hemanglosarcoma 
Hepatoblastoma, metastatic, 

liver 

Thymus 
Hemangloma 

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

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

+ + + + + + + + + + + + + + + + + + + + + + M +  + 
+ + M +  + + +  + + + M +  + + + + + + + + + + + + +  
+ + + + + + + + + ÷ + + ÷ + + + + + ÷ + + + + + + 

X X  X 

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

50 
1 

50 

1 
49 
46 
50 
1 
3 

1 
47 
1 
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TABLE E2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year Chlorinated Water Study: 
0 ppm (continued) 

Number of Days on Study 
5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

0 0 0 0 5 0 5 5 5 5 0 5 0 5 5 5 0 0 0 0 0 5 5 5 5  
0 2 0 2 3 0 4 2 3 2 1 2 1 4 4 3 0 0 0 0 0 2 2 3 3  

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

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

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 n s c u l o s k e l e t a l  S y s t e m  
Bone 
Skeletal muscle 

Fibrosarcoma 
Hepatoblastoma, metastatic, 

liver 
Sarcoma 

÷ + + + ÷ + + ÷ + + + + + ÷ ÷ ÷ + + ÷ ÷ + + ÷ + + 
+ ÷ ÷ 

X 

X 
X 

N e r v o u s  S y s t e m  
Brain + ÷ + + ÷ + + + + + + + + ÷ ÷ + + + + ÷ + ÷ ÷ + ÷ 

R e s p i r a t o r y  S y s t e m  

Lung 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, 

two, multiple 
Alveolar/bronchiolar carcinoma 
Fibro~arcoma, metastatic, 

skeletal muscle 
Hepatoblastoma, metastatic, 

liver 
Hepatocel lular  carcinoma, 

metastatic, liver 
Sarcoma 
Mediastinum, hemangioma 

Nose 
Trachea 

÷ ÷ + + ÷ ÷ ÷ ÷ ÷ ÷ ÷ + + + ÷ + ÷ + + ÷ ÷ + + + + 

X X X  X X X X  X 

X 

X X X  

X X X X 

X 

X 

÷ + + + + + + + + ÷ + ÷ ÷ ÷ ÷ + + ÷ ÷ + + + + ÷ ÷ 
+ + + ÷ ÷ ÷ + + + + + + + ÷ ÷ + + + + ÷ + ÷ + + + 

S p e c i a l  S e n s e s  S y s t e m  

Harderian gland 
Adenoma 

U r i n a r y  S y s t e m  
Kidney 

Hepatoblastoma, metastatic, 
liver 

Sarcoma 
U r i n a ~  bladder 

÷ + + + + + + ÷ ÷ + + ÷ + + + + + + + + + + + + + 

X 
X 

÷ ÷ ÷ + + ÷ ÷ + + + + ÷ + ÷ + + ÷ ÷ + + + + + + ÷ 

S y s t e m i c  L e s i o n s  

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  Days  o n  S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 8 8 8 8  

C a r c a s s  ID  N u m b e r  

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  
2 2 0 1 1 1 1 1 1 1 1 2 2 3 3 3 3 4 4 3 4 2 2 2 2  To ta l  

1 2 8 0 1 2 4 5 6 7 8 4 5 4 6 7 8 4 5 9 1 1 2 4 5  T i s s u ~  

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  T u m o r  

I n t e g u m e n t a r y  Sys t em  
Mammary gland 
Skin 

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  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Muscu loske l e t a l  Sys t em  
Bone 
Skeletal muscle 

Fibrosarcoma 
Hepatoblastoma, metastatic, 

liver 
Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
3 
1 

N e r v o u s  Sys t em  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  Sys t em  
Lung 

Alvcolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, 

two, multiple 
Alveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic, 

skeletal muscle 
Hepatoblastoma, metastatic, 

liver 
Hepatoccllular carcinoma, 

metastatic, liver 
Sarcoma 
Mediastinum, hemangioma 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X  X X  X X 14 

X 1 
X X X X 8 

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

3 
1 
1 

50 
50 

Special  S e n s e s  Sys t em  
Harderian gland + + + 3 

Adenoma X X X 3 

~ r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Hepatoblastoma, metastatic, 
liver 1 

Sarcoma 1 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Sys temic  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

70  p p m  

N u m b e r  o f  D a y s  o n  S t u d y  

4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

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

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

C a r c a s s  ID  N u m b e r  

2 2 2 7 7 2 2 7 7 7 2 2 7 7 2 2 2 7 2 2 2 7 2 2 2  
3 3 1 3 4 1 1 3 3 4 2 2 3 3 1 2 3 3 1 2 3 4 2 3 3  

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 

Carcinoma 
Liver 

Carcinoma, metastatic, islets, 
pancreatic 

Hemangiosarcoma 
Hemangiosarcoma, metastatic 
Hepatoblastoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatoeel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Hepatocel lular  adenoma, 

five, multiple 
Histiocytic sarcoma 

Mesentery 
Pancreas 
Salivary # a n d s  

Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

Tooth 

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

+ + + + + + M + + + + 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 

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

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

C a r d i o v a s c u l a r  S y s t e m  
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 4 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

C a r c a s s  ID  N u m b e r  

7 7 7 7 7 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 7 7  

4 4 4 4 5 2 2 2 1 1 1 1 2 2 3 3 3 4 4 4 5 5 5 5 5  T o t a l  

3 5 6 8 3 3 5 6 2 3 5 9 1 2 3 5 6 1 2 9 0  I 2 4 5  T i ~ u ~  

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  T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Carcinoma 
Liver 

Carcinoma, metastatic, islets, 
pancreatic 

Hemangiosarcoma 
Hemangiosarcoma, metastatic 
Hepatoblastoma 
Hepatocel lular  carcinoma 
Hepatocellular  carcinoma, 

two, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Hepatocel lular  adenoma, 

five, multiple 
Histiocytic sarcoma 

Mesentery 
Pancreas 
Salivaw glands 
Stomach 
Stomach, forestomaeh 

Papilloma squamous 
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 47 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + +  + + + +  + + + + + + + M +  + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + M +  + + + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + d,8 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

50 + + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X 

X 

1 
2 
1 
2 

10 

X 3 
X X X X  X X X X X  X 15 

X X X X X X 10 

X 2 

X 1 

X 1 
+ 3 

+ + + +  + + + +  + + + + + +  + + + + + +  + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ M  + 7 

C a r d i o v a s c u l a r  S y s t e m  

Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
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TABLE E2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year Chlorinated Water Study: 
70 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

2 2 2 7 7 2 2 7 7 7 2 2 7 7 2 2 2 7 2 2 2 7 2 2 2  
3 3 1 3 4 1 1 3 3 4 2 2 3 3 1 2 3 3 1 2 3 4 2 3 3  

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

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Capsule, adenoma 
Adrenal  gland, medulla 

Neuroblastoma benign 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 

Parathyroid gland 

Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

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

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

X 

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

+ + + + + + I + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + 

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

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

X 
+ + + + + + + +  

+ + + + + + + +  

X 
X 

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

+ + + + + + + +  

G e n e r a l  Body  S y s t e m  
None 

G e n i t a l  System 
Coagulating gland 
Epididymis 
Preputial  gland 
Prostate 
Seminal vesicle 
Testes 

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

H e m a t o p o i e t i c  System 
Bone marrow 

Histiocytic sarcoma 
Lymph node 

Mediastinal, hepatocellular 
carcinoma, metastatic, liver 

Lymph node, mandibular  
Carcinoma, metastatic, 

harderian gland 
Lymph node, mesenteric 

Hemangio~arcoma 
Histiocytic sarcoma 

Spleen 
Hemangiosarcoma 
Histiocytic sarcoma 

Thymus 

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

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

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

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

X 

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

X 

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

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Subcutaneous tissue, 
fibrosarcoma 

Subcutaneous tissue, 
melanoma malignant 

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 ÷ ÷ ÷ ÷ + ÷ ÷  

X 

X 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 4 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

C a r c a s s  ID  N u m b e r  

7 7 7 7 7 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 7 7  

4 4 4 4 5 2 2 2 1 1 1 1 2 2 3 3 3 4 4 4 5 5 5 5 5  T o t a l  

3 5 6 8 3 3 5  6 2 3 5 9 I 2 3 5 6 1  2 9 0 1  2 4 5 ~ u ~  

1 1  1 1 1  1 1 1  1 1  1 1  1 1  1 1 1 1  I 1 1  1 1 1 1 T u m o r  

E n d o c r i n e  S y s t e m  

Adrenal  gland 
Adrenal gland, cortex 

Capsule, adenoma 
Adrenal  gland, medulla 

Neuroblastoma benign 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 

Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

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

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

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

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

X 

50 
50 
4 

50 
1 
1 

50 
1 
1 

48 
49 
50 
1 

G e n e r a l  Body  S y s t e m  
None 

G e n i t a l  S y s t e m  
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

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

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

7 
50 
11 
49 
50 
50 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 

Histiocytic sarcoma 
Lymph node 

Medlastinal, hepatocellular 
carcinoma, metastatic, liver 

Lymph node, mandibular  
Carcinoma, metastatic, 

harderian gland 
Lymph node, mesenteric 

Hemanglosarcoma 
Histiocytic sarcoma 

Spleen 
Hemangiosarcoma 
Histiocytic sarcoma 

Thymus 

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

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

+ + + + + + + + + + + + + + + + I  + + + + + + I  + 

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

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

X 
X 

+ + + + + + + + + + + + + + + + + + + I  + M +  + + 

50 
1 

50 

1 

1 
48 
1 
1 

50 
2 
1 

43 

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Skin 

Subcutaneous tissue, 
fibrcaarcoma 

Subcutaneous tissue, 
melanoma malignant 

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  
+ + + + + + + + + + + + + + + + + + + + + + + + + 49 

1 

1 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

70  p p m  (continued) 

Number of Days on Study 
4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  
9 2 4 6 6 0 2 3 4 6 6 7 8 8 9 9 1 2 2 2 2 3 3 3 3  
0 2 8 2 2 1 6 8 0 6 8 7 2 8 8 9 4 3 7 7 7 0 3 3 3  

Carcass ID Number 

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

Muscu lo ske l e t a i  Sys t em  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

Nervous System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, 

two, multiple 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, 

harderian gland 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 

Carcinoma, metastatic, 
harderian gland 

Trachea 

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

X X X X 

X 

X 

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

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

Special  S e n s e s  Sys t em  
Eye 
Harderian gland 

Adenoma 
Carcinoma 

+ + 

X 
X 

+ 
+ 

X 

U r i n a r y  S y s t e m  
Kidney 

Hepatocellular carcinoma, 
metastatic, liver 

Urinary bladder 
• 

Sys temic  L e s i o n s  

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

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

Multiple organs 
Histiocytic sarcoma 
Lymphoma malignant mixed X X 
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TABLE E2 
Individual Animal Tumor Pathology of  Male Mice in the 2-Year Chlorinated Water Study: 
70 ppm (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 4 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

C a r c a s s  ID  N u m b e r  

7 7 7 7 7 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 7 7  
4 4 4 4 5 2 2 2 1 1 1 1 2 2 3 3 3 4 4 4 5 5 5 5 5  T o t !  

3 5 6 8 3 3 5 6 2 3 5 9 1 2 3 5 6 1 2 9 0 1 2 4 5  T i ~ u ~  
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  T u m o r  

Muscu loske le t a i  Sys t em 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 

N e r v o u s  Sys t em  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, 

two, multiple 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, 

harderian gland 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 

Carcinoma, metastatic, 
harderian gland 

Trachea 

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

X X X X 

X 
X X 

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

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

50 
8 

2 
2 

1 

2 
50 

1 
50 

Special  S e n s e s  Sys t em  
Eye 
Harderian gland 

Adenoma 
Carcinoma 

U N n a ~  Sys t em  

+ + 

X 

Kidney 

Hepatocellular carcinoma, 
metastatic, liver 

Urinary bladder 

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

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

50 

1 
50 

Sys temic  Les i ons  
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant mixed 

+ + + + + + + + + + ÷ + + + + + + + + + + + + + + 

X 

X 

50 

1 

3 
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TABLE E2 
Individual Animal Tumor  Pathology of  Male Mice in the 2-Year Chlorinated Water Study: 
140 ppm 

Number  of  Days on Study 
5 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  
4 5 5 5 6 6 2 4 8 8 9 9 1 2 3 3 3 3 3 3 3 3 3 3 3  
0 1 1 8 5 7 6 8 0 8 1 8 7 6 2 3 3 3 3 3 3 3 3 3 3  

Carcass ID Number  

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

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hemangi~arcoma 
Hepatoceilular carcinoma 
Hepatocellular carcinoma, 

two, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, 

two, multiple 
Hepatocellular adenoma, 

three, multiple 
Hepatocellular adenoma, 

four, multiple 
Mesentery 

Hemangiosarcoma 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 
Tooth 

+ + ÷ + + + ÷ ÷ ÷ + ÷ ÷ ÷ ÷ + + + ÷ + + + + ÷ + ÷ 

+ + + + + + + ÷ + + ÷ + + M +  ÷ + + ÷ + + + + + ÷ 
÷ ÷ + + + + + + ÷ + + + + + + + ÷ ÷ + + + + + ÷ + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 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 
÷ + + ÷ + + ÷ ÷ + ÷ ÷ + ÷ + + ÷ + + ÷ + + + + ÷ ÷ 

+ + + +  

Cardiovascular  System 
Heart + ÷ ÷ + ÷ ÷ + + ÷ ÷ ÷ + ÷ ÷ + ÷ ÷ ÷ ÷ ÷ + ÷ ÷ ÷ ÷ 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Cal~ule, adenoma 

Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

C-cell, carcinoma 
Follicular cell, adenoma 

X 

+ + M + + + I M  + + + + + + + + + + + + + + + + +  

÷ + + + ÷ ÷ + + ÷ + M +  + + + ÷ ÷ ÷ + + ÷ ÷ + + + 
+ + + ÷ + ÷ + + + + ÷ + + + ÷ + ÷ ÷ + ÷ ÷ + + + ÷ 

X 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

1 4 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 4 4 4 4 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 8 8  

C a ~ - ~  I D  N u m b e r  

7 7 1 1 1 1 1 1 1 1 7 7 7 7 7 7 1 1 1 1 1 6 6 6 7  

1 1 9 9 9 9 8 9 9 9 0 0 0 0 0 0 8 8 8 8 8 9 9 9 0  T o t a l  

6 7 5  6 7 9  9 1  2 3  2 3 4 5  6 7 3 4 5  6 7  8 9 7 0 T i ~ u ~  

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  T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 

Hemanglosarcoma 
Hepatocel lular  carcinoma 
Hepatocellular  carcinoma, 

two, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Mesentery 

Hemangiosarcoma 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + +  + + + + +  + + + + +  + + + + + M +  + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + +  + + + + + + + + + + M +  + +  + + + + + +  49 
+ + + + +  + + +  + + + + + + +  + + M + + + + +  + + 47 
+ + + + + + + + + + + + + + + + + + + + + + + + + 47 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + +  + M +  + + + + + + + +  + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

2 
X X X 11 

X 1 
X X X 10 

X X X X X  X X X  11 

X X X X  4 

X 

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

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

2 
2 
1 

50 
50 
50 
50 
1 

50 
6 

C a r d i o v a s c u l a r  S y s t e m  
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d o c r i n e  S y s t e m  

Adrenal gland 
Adrenal  gland, cortex 

Adenoma 
Capsule, adenoma 

Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

C-cell, carcinoma 
Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + ÷ + + + + + + + + + + + + + 

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

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

÷ ÷ ÷ ÷ ÷ ÷ ÷ M ÷ ÷ ÷ ÷ ÷ I  ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷  
÷ ÷ ~ ~ ~ ÷ ÷ ~ ~ ~ ~ ÷ ~ ~ ÷ • ~ • • ÷ • • • • • 
÷ ~ ~ ~ ~ ~ ~ ~ ~ ÷ ÷ ÷ ÷ ~ ÷ • ÷ • • • ÷ • • ÷ • 

X X 

50 

50 

I 
I 
50 

50 

45 

49 

50 

I 
2 
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TABLE FE2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year Chlorinated Water Study: 
140 ppm (continued) 

Number of Days on Study 
5 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

7 1 1 1 2 1 1 7 1 6 7 1 1 1 7 1 1 7 7 7 7 7 7 7 7  
1 7 8 9 0 9 8 2 7 9 0 8 8 9 1 7 7 0 0 1 1 1 1 1 1  

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

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  System 
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

+ + + + + +  
+ + 

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

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

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 

Carcinoma, metastatic, 
thyroid gland 

Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemangloma 
Hemangiosarcoma 

Thymus 

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

X 
+ + + + + + + +  
+ + + + + + | +  
+ + + + + + + +  
+ + + + + + + +  

X 
X 

+ + M + + + M +  

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

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

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

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Subcutaneous tissue, 
hemangio~areoma 

Subcutaneous tissue, 
sarcoma 

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

X 

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

M u s c u l o s k e l e t a l  System 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

Nervous System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  System 
Lung 

Alveolar/bronchiolar adenoma 
Alvcolar/bronchiolar adenoma, 

two, multiple 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

three, multiple 
Hepatocel lular  carcinoma, 

metastatic, liver 
Nose 
Trachea 

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

X X X X  X X 

X 
X X X 

X 

X 



Lesions in Male Mice 255 

TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

1 4 0  p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 4 4 4 4 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 8 8  

Carc_~g  ID N u m b e r  

7 7 1 1 1 1 1 1 1 1 7 7 7 7 7 7 1 1 1 1 1 6 6 6 7  
1 1 9 9 9 9 8 9 9 9 0 0 0 0 0 0 8 8 8 8 8 9 9 9 0  T o t a l  
6 7 5 6 7 9 9 1 2 3 2 3 4 5 6 7 3 4 5 6 7 8 9 7 0  T i ~ u ~  
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  T u m o ~  

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  S y s t e m  
Coagulating gland 
Epididymis 
Prreputial gland 
Prostate 
Seminal vesicle 
Testes  

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

+ + + + 6 

+ + + + + + + + + + + + + + + + + + + + 50 
+ + + +  + + + +  + +  ~ 

+ + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + 50 

+ + + + + + + + + + + + + + + + + + + + 50 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 

Carcinoma, metastatic, 
thyroid gland 

Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemangioma 
Hemangi~sareoma 

Thymus  

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

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

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

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

1 
50 
48 
50 
50 
1 
1 

46 

I n t e g u m e n t a r y  S y s t e m  
Mammat  7 gland 
Skin 

Subcutaneous tissue, 
hemangiosareoma 

Subcutaneous tissue, 
, ~ r c o m a  

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 

50 

1 

1 

M u s c u l o s k e l e t a i  S y s t e m  
Bone + + +  + + + + +  + + + + + + + + + +  + + + + + +  + 50 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma,  

two, multiple 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

three, multiple 
Hepatoeellular carrcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + ÷ ÷ + + ÷ ÷ + ÷ + + ÷ + ÷ ÷ + + + ÷ + + 

X X X X X  X X X 

XX 

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

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

50 

14 

1 

5 

I 

I 
50 

50 
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TABLE E2 
Individual Animal Tumor Pathology of Male Mice in the 2.Year Chlorinated Water Study: 
140 ppm (continued) 

Number of Days on Study 
5 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  
4 5 5 5 6 6 2 4 8 8 9 9 1 2 3 3 3 3 3 3 3 3 3 3 3  
0 1 1 8 5 7 6 8 0 8 1 8 7 6 2 3 3 3 3 3 3 3 3 3 3  

Carcass ID Number 

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

Special  S e n s e s  S y s t e m  
Harderian gland 

Adenoma 

+ + 

X X 

U r i n a r y  S y s t e m  
Kidney 
Urinary bladder 

+ + + + + + + + + + + + + ÷ + + + + + + + + + + ÷ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Sys temic  Les i ons  
Multiple organs 

Lymphoma malignant mixed 
Lymphoma malignant 

undifferentiated cell type 
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TABLE E2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  in  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

140 p p m  (continued) 

Number of Days on Study 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 4 4 4 4 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 8 8  

Carcass  ID Number  

7 7 1 1 1 1 1 1 1 1 7 7 7 7 7 7 1 1 1 1 1 6 6 6 7  
1 1 9 9 9 9 8 9 9 9 0 0 0 0 0 0 8 8 8 8 8 9 9 9 0  T o ~ !  
6 7 5 6 7 9 9 1 2 3 2 3 4 5 6 7 3 4 5 6 7 8 9 7 0  T i ~ u ~  
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  T u m o ~  

Special Senses  System 
Harderian gland 

Adenoma 
+ + 4 
X X 4 

Urinary System 
Kidney 
Urinary bladder 

+ + + + + + + + + ÷ ÷ + + + + + + ÷ + ÷ ÷ + + ÷ + 50 

÷ + ÷ ÷ ÷ ÷ + ÷ ÷ ÷ ÷ + ÷ ÷ ÷ ÷ + ÷ ÷ ÷ ÷ + ÷ ÷ + 50 
Systemic Lesions 
Multiple organs 

Lymphoma malignant mixed 
Lymphoma malignant 

undifferentiated cell type 

+ + ÷ + + + ÷ ÷ + ÷ ÷ ÷ ÷ ÷ + + ÷ ÷ ÷ + + ÷ ÷ + ÷ 50 

X X 2 

X 1 



258 C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r ,  N T P  T R  392  

TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  Study: 
2 7 5  ppm 

Number of Days on Study 
0 3 3 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

1 6 1 1 6 6 6 1 6 6 6 6 6 6 1 1 6 6 6 6 6 6 1 1 1 1  
7 8 6 5 7 6 7 4 8 8 8 8 6 7 4 5 7 6 6 6 7 7 4 4 5 5  

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

Alimentary System 
Esophagus 
Gallbladder  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Carcinoma 
Intestine small, jejunum 

Carcinoma 
Liver 

Hemangiosarcoma 
Hepatocei lular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatocel lular  carcinoma, 

three, multiple 
Hepatocel lular  adenoma 
Hepatocei lular  adenoma, 

two, multiple 
Hepatocei lular  adenoma, 

three, multiple 
Hepatocei lular  adenoma, 

five, multiple 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Squamous cell carcinoma 
Stomach, glandular 

Tooth 

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

A + + + + + + + + + I  I + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 

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

M +  + + + + + + + + + + + 
M + + + + , + + A + + + + +  

+ + +  + + + + A + +  + + +  

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

X X X  X X X X  

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

+ + + + + + I  + +  + + + +  
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 

X 
+ A + + + + + + +  + + + +  

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

X 
X 

X X 

X X 
X X X X  X X  X 

X X 

X 

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

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

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

+ + + + + 

C a r d i o v a s c u l a r  System 
Blood vessel 

Hemangioma 
Heart  

+ 

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

E n d o c r i n e  System 
Adrenal  gland 
Adrenal  gland, cortex 

Adenoma 
Cal~ule,  adenoma 

Adrenal  gland, medulla 
Pheochromocytoma malignant 

X 

X 
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TAeLE E2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year Chlorinated Water Study: 
275 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 8 8 8  

C a r c a s s  I D  N u m b e r  

1 1 1 1 1 1 1 1 1 1 6 6 1 1 1 1 1 1 6 6 6 6 6 6 6  
5 5 6 6 6 6 5 5 5 5 7 8 4 4 4 4 4 6 6 6 6 6 7 7 7  T o t a l  

2 9 0 2 3 4 3 4 6 8 9 1 1 3 4 5 6 5 1 2 3 6 3 4 8 T i ~ u ~  

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  T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Carcinoma 
Intestine small, jejunum 

Carcinoma 
Liver 

Hemanglo~arcoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatocellular  carcinoma, 

three, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatoceilular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

five, multiple 
Mesentety 
Pancreas 
Salivagy glands 
Stomach 
Stomach, forestomach 

Squamous cell carcinoma 
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + ~ +  + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

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

X X 

X X  X X X  X X X 

X X X X 

X 

X 

X 

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

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

51 
47 
51 
51 
51 
50 
51 
50 
49 

1 
49 
2 

51 
1 

10 

2 
15 

1 
3 

51 
51 
50 
50 
1 

50 
7 

C a r d i o v a s c u l a r  S y s t e m  

Blood vessel 
Hemangloma 

Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 

1 
1 

51 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Adenoma 
Capsule, adenoma 

Adrenal  gland, medulla 
Phcochromocytoma malignant 

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

X 

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

51 
51 

1 
5 

51 
1 
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TABLE E2 
Individual Animal Tumor Pathology of Male Mice in the 2.Year Chlorinated Water Study: 
275 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

0 3 3 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

E n d o c r i n e  S y s t e m  (continued) 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

1 6 1 1 6 6 6 1 6 6 6 6 6 6 1 1 6 6 6 6 6 6 1 1 1 1  
7 8 6 5 7 6 7 4 8 8 8 8 6 7 4 5 7 6 6 6 7 7 4 4 5 5  

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

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

+ + + + + + + + + + + + + + + + M + + M + + + + + +  
M + + + + + + I  + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

G e n e r a l  Body  System 
Tissue NOS + 

G e n i t a l  S y s t e m  
Coagulating gland 
Epididymis + + + + + + 
Preputial gland + 

Squamous cell carcinoma X 
Prostate + + + + + + 
Seminal vesicle + + + + + + 
Testes + + + + + + 

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

+ + 

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

Hematopoietic System 
Bone marrow + + + + + 
Lymph node + + + + + 

Mediastinal, squamous cell 
carcinoma, metastatic, 
preputial gland X 

Lymph node, mandibular  + + + + + + 
Lymph node, mesenteric M + + + + + 
Spleen + + + + + + 

Hemangloma 

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

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

Thymus + + + + + + + + + + + + + + + + + + + + + + + + + + 

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 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 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + + 

M u s c u l o s k e l e t a l  S y s t e m  

Bone + + + + + + + + + + + + + + + + + + + + + + + + + + 
Skeletal muscle + 

Squamous cell carcinoma, 
metastatic, preputial gland X 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

Number of Days on Study 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 8 8 8  

C a r c a s s  I D  N u m b e r  

1 1 1 1 1 1 1 1 1 1 6 6 1 1 1 1 1 1 6 6 6 6 6 6 6  
5 5 6 6 6 6 5 5 5 5 7 8 4 4 4 4 4 6 6 6 6 6 7 7 7  Tota l  

2 9  0 2 3  4 3 4  6 8  9 1 1 3  4 5  6 5 1  2 3 6 3 4 8 T i ~ u ~  
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  T u m o r  

E n d o c r i n e  Sys t em  (continued) 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituita W gland 
Thyroid gland 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 

Gene ra l  Body Sys t em  
Tissue NOS 

Geni ta l  S y s t e m  
Coagulating gland 
Epididymis 
Preputial gland 

Squamous cell carcinoma 
Prostate 
Seminal vesicle 
Testes 

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

+ + + + 

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

4 
51 
7 
1 

51 
51 
51 

Hema topo i e t i c  Sys t em  
Bone m a n v w  
Lymph node 

Mediastinal, squamous cell 
carcinoma, metastatic, 
preputial gland 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemangloma 
Thymus 

+ + + + +  + + + + +  + + + + + + + + +  + + + + +  + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + +  51 

1 
+ + + + + + + M +  + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

X 1 
+ + + + + + + + + + + + + + M + + + + + + + M + +  49 

I n t e g u m e n t a r y  Sys t em  
Mammary gland 
Skin 

M M M M M M M M M M M M +  M M M M M M M M +  M M M  3 

+ + + + + +  + + + +  + + + + + +  + + + + + + +  + + 51 
Muscu loske l e t a l  Sys t em  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 51 
Skeletal muscle 1 

5quamous cell carcinoma, 
metastatic, preputial gland 

N e r v o u s  Sys t em  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 51 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  
0 3 3 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

1 6 1 1 6 6 6 1 6 6 6 6 6 6 1 1 6 6 6 6 6 6 1 1 1 1  
7 8 6 5 7 6 7 4 8 8 8 8 6 7 4 5 7 6 6 6 7 7 4 4 5 5  

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

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

three, multiple 
Carcinoma, metastatic, 

harderian gland 
Hepatocellular carcinoma, 

metastatic, liver 
Squamous cell carcinoma, 

me.tastatic, preputial gland 
Nose 
Trachea 

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

X X X X X  X X X  
X X X 

X 

X 

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

Special  S e n s e s  S y s t e m  
Harderian gland + 

Carcinoma X 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + + 

Renal tubule, adenoma 
Renal tubule, carcinoma 

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + + 

Sys temic  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + + 

Lymphoma malignant mixed X X X 
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TABLE E 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (contineed) 

N u m b e r  o f  D a y s  o n  S t u d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 5 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 8 8 8  

C a r c a s s  ID  N u m b e r  

1 1 1 1 1 1 1 1 1 1 6 6 1 1 1 1 1 1 6 6 6 6 6 6 6  
5 5 6 6 6  6 5 5 5  5 7 8  4 4  4 4 4 6 6 6 6 6 7 7 7 T o ~ !  
2 9 0  2 3 4  3 4  6 8 9 1 1 3  4 5  6 5 1  2 3 6 3 4 8 T ~ u ~  
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 T u m o ~  

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adcnoma 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

three, multiple 
Carcinoma, metastatic, 

harderian gland 
Hepatocellular carcinoma, 

metastatic, liver 
Squamous  cell carcinoma, 

metastatic, preputial gland 
Nose 
Trachea 

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

X X X X X  
X X X X 

X 

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

51 
13 
7 

1 
51 
51 

Spec ia l  S e n s e s  S y s t e m  
Harderian gland 

Carcinoma 

U r i n a r y  S y s t e m  
Kidney 

Renal  tubule, adenoma 
Renal  tubule, carcinoma 

Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
X 1 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

S y s t e m i c  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Lymphoma malignant mixed X 4 
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TABLE E 3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  i n  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r i n a t e d  W a t e r  S t u d y  

0 ppm 70 ppm 140 ppm 275 ppm 

Adrena l  Cortex:  Adenoma  
Overall rates a 5/50 (10%) 
Adjusted rates b 13.9% 
Terminal rates c 4/34 (12%) 
First incidence ~(days) 681 
Life table tests u P--0.424 
Logistic reg~.~sion tests d P=0.407 
Cochran-Armitag~e test d P=0.433 
Fisher exact test u 

H a r d e r i a n  Gland:  Adenoma  
Overall rates 3/50 (6%) 
Adjusted rates 8.8% 
Terminal rates 3/34 (9%) 
First incidence (days) 733 (T) 
Life table tests P=0.121N 
Logistic regression tests P=0.113N 
Cochran-Armitage test P=0.112N 
Fisher exact test 

H a r d e r i a n  Gland :  Adenoma  or  Ca rc inoma  
Overall rates 3/50 (6%) 
Adjusted rates 8.8% 
Terminal rates 3/34 (9%) 
First incidence (days) 733 (T) 
Life table tests P=0.219N 
Logistic regression tests P=0.182N 
Cochran-Armitage test P=0.205N 
Fisher exact test 

Liver:. Hepa toce l lu la r  A denom a  
Overall rates 30150 (60%) 
Adjusted rates 71.1% 
Terminal rates 22/34 (65%) 
First incidence (days) 558 
Life table tests P=0.184N 
Logistic regrc~ion tests P=0.196N 
Cochran-Annitage test P=0.136N 
Fisher exact test 

Liver:. Hepa toce l lu la r  Ca rc inoma  
Overall rates 12/50 (24%) 
Adjusted rates 26.9% 
Terminal rates 4/34 (12%) 
First incidence (days) 541 
Life table tests P=0.390 
Logistic regression tests P=0.503N 
Cochran-Annitagc test P =0.406 
Fisher exact test 

4/50 (8%) 2/50 (4%) 6/51 (12%) 
12,4% 5.7% 18.0% 
2/28 (7%) 2/35 (6%) 5/32 (16%) 
682 733 (T) 702 
P = 0.599N P = 0.208N P = 0.464 
P---0.537N P-- 0.218N P = 0.471 

P=0.500N P=0.218N P=0.514 

3/50 (6%) 4/50 (8%) 0/51 (0%) 
8.9% 9.9% 0.0% 
lf28 (4%) 2/35 (6%) 0/32 (0%) 
668 558 _e 
P=0.583 P=0.508 Pf0.131N 
Pffi0.636 Pffi0.504 Pffi0.131N 

Pffi0.~IN P = 0 . 5 ~  Pffi0.118N 

4/50 (8%) 4/50 (8%) 1/51 (2%) 
10.8% 9.9% 2.3% 
1/28 (4%) 2/35 (6%) 0/32 (0%) 
522 558 675 
P=0.423 P=0.508 P=0.318N 
P=0.513 P=0.504 P=0.318N 

Pffi0.5~ P = 0 . 5 ~  P=O.~IN 

29./50 (58%) 27/50 (54%) 25/51 (49%) 
75.7% 67.1% 63.3% 
19/28 (68%) 22/35 (63%) 18/32 (56%) 
562 565 485 
P=0.306 P=0.315N P--0.320N 
P=0.572 P=0.356N P=0.263N 

P = 0.500N P-- 0.343N P = 0.182N 

13/50 (26%) 12/50 (24%) 14/51 (27%) 
31.8% 27.7% 29.9% 
4/28 (14%) 5/35 (14%) 3/32 (9%) 
490 551 358 
P = 0.388 P = 0.578N P = 0.389 
P =0.585N P =0.569N P =0.568N 

P=0.500 P = 0.592N P--0.433 
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TABLE E3 

Sta t i s t ica l  Analys is  o f  P r i m a r y  Neop lasms  in Male  Mice  in the  2-Year  
Ch lo r ina t ed  W a t e r  S tudy (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Liver:. Hepatoblastoma or Hepatocellular Carcinoma 
Overall rates 13/50 (26%) 14/50 (28%) 12/50 (24%) 14/51 (27%) 
Adjusted rates 28.7% 33.7% 27.7% 29.9% 
Terminal rates 4/34 (12%) 4/28 (14%) 5/35 (14%) 3/32 (9%) 
First incidence (days) 541 490 551 358 
Life table tests P=0.485 P--0.387 P=0.495N P=0.466 
Logistic regression tests Pffi0.392N P=0.581N P=0.471N P=0.473N 
Cochran-Armitage test P=0.515 
Fisher exact test P=0.500 Pffi0.500N P=0.524 

Liver:. Hepatocellular Adenoma, Hepatoblastoma, or Hepatocellular Carcinoma 
Overall rates 35/50 (70%) 38/50 (76%) 33/50 (66%) 34/51 (67%) 
Adjusted rates 75.8% 84.1% 73.0% 74.9% 
Terminal rates 23/34 (68%) 21/28 (75%) 23/35 (66%) 21/32 (66%) 
First incidence (days) 541 490 551 358 
Life table tests P=0.384N P=0.123 P--0.400N P=0.520 
Logistic regression tests P=0.296N P=0.320 P=0.415N P=0.461N 
Cochran-Armitage test P=0.281N 
Fisher exact test P=0.326 P=0.415N P=0.442N 

Lung: Alveolar/bronchiolar Adenoma 
Overall rates 15/50 (30%) 
Adjusted rates 36.1% 
Terminal rates 9/34 (26%) 
First incidence (days) 541 
Life table tests P=0.515N 
Logistic regression tests P--0.504N 
Cochran-Armitage test P=0.485N 
Fisher exact test 

10/50 (20%) 15/50 (30%) 13/51 (25%) 
29.4% 39.0% 33.1% 
6/28 (21%) 12/35 (34%) 7/32 (22%) 
548 626 470 
P=0.326N P =0.558N P =0.480N 
P=0.158N P=0.586 P=0.382N 

Pf0.178N P=0.S86N P=0.388N 

Lung: Aiveolar/bmnchiolar Carcinoma 
Overall rates 8/50 (16%) 
Adjusted rates 20.7% 
Terminal rates 5/34 (15%) 
First incidence (days) 559 
Life table tests P=0.335 
Logistic regression tests P=0.315 
Cochran-Annitage test P=0.347 
Fisher exact test 

2/50 (4%) 6/50 (12%) 8/51 (16%) 
7.1% 15.4% 25.0% 
2D..8 (7%) 435 (11%) 8/32 (25%) 
733 (T) 558 733 (T) 
P=0.084N P=0.380N P=0.559 
P=0.051N P=0.384N P=0.577 

P=0.046N P=0.387N P=0.590N 

Lung: Alveolar/bronchiolar Adenoma or Alveolar/bronchiolar Carcinoma 
Overall rates 21/50 (42%) 12/50 (24%) 21/50 (42%) 19/51 (37%) 
Adjusted rates 47.7% 35.8% 51.9% 49.1% 
Terminal rates 12/34 (35%) 8/28 (29%) 16/335 (46%) 13/332 (41%) 
First incidence (days) 541 548 558 470 
Life table tests P=0.450 P=0.144N P=0.547N P=0.505N 
Logistic regression tests P=0.444 P=0.038N P=0.577N P=0.412N 
Cochran-Annitage test P=0.483 
Fisher exact test P=0.044N P=0.580N P=0.388H 
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TABLE E3 
Sta t is t ica l  Analys is  o f  P r i m a r y  Neop lasms  in Male  Mice  in the  2-Year  

Ch lo r ina t ed  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Small Intestine: Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/50 (2%) 1/50 (2%) 0/50 (0%) 3/51 (6%) 
2.9% 3,4% 0.0% 8.4% 
1/34 (3%) 0/28 (0%) 0/35 (0%) 1/32 (3%) 
733 (T) 730 - 691 
P=0.168 P=0.711 P=0.494N P=0.292 
P=0.158 P=0.733 P=0.494N P=0.291 
P=0.167 

P=0.753N P =0.500N P=0.316 

All Organs: Hemangioma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/50 (6%) 0/50 (0%) 1/50 (2%) 2/51 (4%) 
8.4% 0.0% 2.3% 5.1% 
2/34 (6%) 0/28 (0%) 0/35 (0%) 1/32 (3%) 
730 - 626 358 
P=0.550N P=0.163N P=0.305N P=0.524N 
P=0.459N P=0.146N P=0.305N P=0.442N 
P=0.541N 

All Organs: Hemangiosarcoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.121N P=0.309N Pf0.491N 

3/50 (6%) 4/50 (8%) 3/50 (6%) 1/51 (2%) 
8.8% 11.0% 6.4% 3.1% 
3/34 (9%) 1/28 (4%) 0/35 (0%) 1/32 (3%) 
733 (T) 562 540 733 (T) 
Pf0.196N Pffi0.422 Pf0.655N Pf0.326N 
Pffi0.136N P=0.510 P=0.646N Pffi0.326N 
P=0.181N 

P=0.5~ P f 0 . ~ I N  Pffi0.301N 

All Organs: Histiocytic Sarcoma or Malignant Lymphoma 
Overall rates 0/50 (0%) 4/50 (8%) 3/50 (6%) 4/51 (8%) 
Adjusted rates 0.0% 11.7% 8.6% 11.8% 
Terminal rates 0/34 (0%) 2/28 (7%) 3/35 (9%) 3/32 (9%) 
First incidence (days) - 601 733 (T) 694 
Life table tests P=0.114 P=0.052 P=0.126 Pffi0.058 
Logistic regression tests P=0.106 P=0.066 P=0.126 Pffi0.058 
Cochran-Armitage test P=0.118 
Fisher exact test Pffi0.059 Pffi0.121 P=0.061 

All Organs: Hemangioma or Hemangiosarcoma 
Overall rates 6/50 (12%) 4/50 (8%) 4/50 (8%) 3/51 (6%) 
Adjusted rates 17.0% 11.0% 8.5% 8.1% 
Terminal rates 5/34 (15%) 1/28 (4%) 0/35 (0%) 2/32 (6%) 
First incidence (days) 730 562 540 358 
Life table tests P=0.217N P=0.477N P=0.368N P=0.273N 
Logistic regression tests P--0.130N P=0.377N P=0.353N P=0.229N 
Cochran-Armitage test P=0.198N 
Fisher exact test P=0.370N P=0.370N P=0.234N 
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TABLE E 3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  M a l e  M i c e  in  t h e  2-Year 
C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

All Organs:  Mal ignant  Lymphoma (Mixed or  Undifferentiated Cell Type) 
Overall rates 0/50 (0%) 3/50 (6%) 3/50 (6%) 4/51 (8%) 
Adjusted rates 0.0% 8.3% 8.6% 11.8% 
Terminal rates 0/34 (0%) 1/28 (4%) 3/35 (9%) 3/32 (9%) 
First incidence (days) - 601 733 (T) 694 
Life table tests Pffi0.078 P=0.108 P=0.126 Pffi0.058 
Logistic regXeasion tests P=0.072 P=0.132 P=0.126 Pffi0.058 
Cochran-Armitage test P--0.080 
Fisher exact test P=0.121 P=0.121 P--0.061 

All Organs:  Benign Tumors 
Overall rates 39/50 (78%) 
Adjusted rates 84.6% 
Terminal rates 27/34 (79%) 
First incidence (days) 541 
Life table tests P=0.262N 
Logistic regression tests Pf0.252N 
Cochran-Atmitage test P=0.160N 
Fisher exact test 

35/50 (70%) 37/50 (74%) 34/51 (67%) 
85.1% 83.9% 80.5% 
22/28 (79%) 28/35 (80%) 24/32 (75%) 
548 558 358 
P=0.437 P=0.382N P=0.361N 
Pffi0.302N Pf0.418N Pf0.205N 

Pf0.247N Pf0.408N Pffi0.147N 

All Organs:  Mal ignant  Tumors 
Overall rates 22/50 (44%) 
Adjusted rates 47.9% 
Terminal rates 11/34 (32%) 
First incidence (days) 541 
Life table tests P=0.199 
Logistic regression tests P=0.230 
Cochran-Annitage test P=0.169 
Fisher exact test 

26/50 (52%) 20/50 (40%) 29/51 (57%) 
56.0% 42.5% 60.9% 
9N,8 (32%) 9/35 (26%) 14/32 (44%) 
490 540 358 
P--0.180 P=0.422N P--0.135 
P=0.387 P=0.389N P=0.189 

P=0.274 P=0.420N Pffi0.137 

All Organs:  Benign and Malignant  Tumors 
Overall rates 42/50 (84%) 
Adjusted rates 87.4% 
Terminal rates 28/34 (82%) 
First incidence (days) 541 
Life table tests P=0.255 
Logistic regreasion tests P=0.142 
CCochran-Armitage test Pffi0.165 
Fisher exact test 

45/50 (90%) 44/50 (88%) 47/51 (92%) 
91.8% 89.7% 95.9% 
24/28 (86%) 30/35 (86%) 30/32 (94%) 
490 540 358 
P=0.100 P=0.482 P=0.157 
P=0.304 P=0.392 P=0.111 

P=0.277 P=0.387 P=0.169 

sacrifice 
umber of tumor-bearing animals/number of animals examined. Denominator is number of animals examined microscopically 

for adrenal gland, bone marrow, brain, clitoral gland, epididymis, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, 
ovary, pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, 
and urinary bladder; for other tissues, denominator is number of animals necropsied. 

b Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
c Observed incidence at terminal kill 
d Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dose group columns are the P values 

corresponding to pairwise comparisons between the controls and that dose group. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these 
lesions as nonfatal. The Cochran-Armitage and Fisher Exact tests compare directly the overall incidence rates. For all tests, a 
negative trend or a lower incidence in a dose group is indicated by N. 

e Not applicable; no tumors in animal group 
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TABLE E4 
Histor ical  Inc idence  of Rena l  T u b u l e  Adenomas  in  Unt rea ted  Male  B6C3F t Mice a 

Study Incidence in Controls 

Historical Incidence at Southern Research Institute 

Feed 
Nitrofurantoin 0/50 (0%) 
Rhodamine 6G 1/50 (2%) 
Roxarsone 0/50 (0%) 

Total 1/150 (1%) 
Standard deviation 1.2% 
Range 0% -2% 

Water 
Chloramine 0/50 (0%) 

Overall Historical Incidence 

Feed 

Total 
Standard deviation 
Range 

Water 

Total 

1/563 (0.2%) 
0.6% 

O% -2% 

0/129 (0%) 

a Data as of 15 September 1990 
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TABLE FE5 
S u m m a r y  o f  t he  Inc idence  o f  Nonneop la s t i c  Les ions  in M a l e  M i c e  in  the  2 - Y e a r  

C h l o r i n a t e d  W a t e r  S tudy  

0 ppm 70 ppm 140 ppm 275 ppm 

Disposition Summary 
Animals initially in study 70 70 70 70 
15-week interim evaluation 10 10 10 10 
66-week interim evaluation 10 10 10 9 
Early deaths 

Natural death 4 6 2 8 
Moribund 12 16 13 10 
Accidental death 0 0 0 1 

Survivors 
Terminal sacrifice 34 27 35 32 
Died last week of study 0 1 0 0 

Animals examined microscopically 50 50 50 51 

Alimentary System 
Gallbladder (44) (47) (48) 

Cyst 1 (2%) 1 (2%) 
Dilatation 1 (2%) 

Intestine large, colon (49) (49) (47) 
Diverticulum I (2%) 

Intestine small, duodenum (49) (50) (50) 
Hyperplasia, lymphoid 1 (2%) 
Metaplasia, squamous I (2%) 

Intestine stoat1, ileum (48) (48) (49) 
Hyperplasia, lymphoid I (2%) 

Liver (50) (50) (50) 
Angiectasla 2 (4%) 1 (2%) 
Basophilic focus 3 (6%) 4 (8%) 3 (6%) 
Clear cell focus 11 (22%) 12 (24%) 15 (30%) 
Eosinophilic focus I (2%) 
Hematopoietic cell proliferation 
Hemorrhage I (2%) 1 (2%) 
Hepatodiaphragmatic nodule I (2%) 
Hyperplasia, focal 14 (28%) 18 (36%) 23 (46%) 
Hyperplasia, lymphoid 1 (2%) 
Inflammation, acute 1 (2%) 
Inflammation, chronic 2 (4%) 2 (4%) 3 (6%) 
Mineralization I (2%) 
Mixed cell focus 1 (2%) 2 (4%) I (2%) 
Bile duct, cyst 
Centrilobular, necrosis I (2%) 2 (4%) 
Hepatocyte, kmyomegaly 2 (4%) 
Hepatocyte, vacuolization cytoplasmic 2 (4%) 4 (8%) 2 (4%) 
Kupffercell, hyperplasia 4 (8%) 4 (8%) 
Kupffer cell, pigmentation 1 (2%) 
Lobules, necrosis 2 (4%) 8 (16%) 4 (8%) 

Mesentery (7) (3) (2) 
Accessory spleen 1 (33%) 
Fibrosis I (14%) 
Mineralization I (14%) 
Fat, necrosis 4 (57%) I (33%) 

(47) 

2 
(51) 

(50) 

(49) 
1 

(51) 

4 
8 
2 
1 

13 

(4%) 

(2%) 

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

(25%) 

(4%) 

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

(3) 

2 ~7%) 
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TABLE E5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year 
Chlorinated Water  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Alimentary System (continued) 
Pancreas (50) (50) (50) (51) 

Atrophy 6 (12%) 4 (8%) 4 (8%) 2 (4%) 
Cytoplasmic alteration 4 (8%) 1 (2%) 2 (4%) 
Focal cellular change 2 (4%) 1 (2%) 1 (2%) 
Inflammation, chronic 1 (2%) 

Salivary glands (50) (50) (50) (51) 
Atrophy 1 (2%) 
Hyperplasla, lymphoid 18 (36%) 13 (26%) 13 (26%) 17 (33%) 

Stomach, forestomach (50) (50) (50) (50) 
Diverticulum 2 (4%) 
Edema 1 (2%) 
Erosion 1 (2%) 
Hyperkeratosis 1 (2%) 
Inflammation, subacute 1 (2%) 
Ulcer 1 (2%) 
Mucosa, hyperplasia 1 (2%) 2 (4%) 1 (2%) 

Stomach, glandular (50) (50) (50) (50) 
Cyst 9 (18%) 5 (10%) 6 (12%) 8 (16%) 
Edema 1 (2%) 
Erosion 4 (8%) 1 (2%) 
Inflammation, subacute 1 (2%) 3 (6%) 3 (6%) 
Metaplasia, squamous 1 (2%) 
Mineralization 2 (4%) 4 (8%) 1 (2%) 
Ulcer 1 (2%) 
Mucosa, dysplasia 1 (2%) 
Mucosa, hyperplasia 2 (4%) 1 (2%) 

Tooth (17) (7) (6) (7) 
Dysplasia 17 (100%) 7 (100%) 5 (83%) 6 (86%) 

Cardiovascular System 
Heart 

Epicardium, inflammation, chronic 
Myocardium, fibrosis 
Myocardium, inflammation, chronic 

(50) (50) (50) (51) 
2 (4%) 1 (2%) 
1 (2%) 
3 (6%) i (2%) 1 (2%) 1 (2%) 

Endocrine System 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
Basophilic focus 
Clear cell focus 
cyst 
Developmental malformation 
Hyperplasla, diffuse 
Hyperplasia, focal 
Hypertrophy, focal 
Mineralization 
Capsule, hyperplasia 
Capsule, hyperplasia, focal 

(50) (50) (50) (51) 
3 (6%) 7 (14%) 6 (12%) 5 (10%) 
2 (4%) 2 (4%) 1 (2%) 
3 (6%) 6 (12%) 6 (12%) 9 (18%) 

1 (2%) 
2 (4%) 

1 (2%) 
28 (56%) 20 (40%) 26 (52%) 29 (57%) 
2 (4%) 1 (2%) 
1 (2%) 

10 (20%) 11 (22%) 4 (8%) S (16%) 
1 (2%) 
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TABLE F_~ 
Summary of the Incidence of Nonneoplastic Lesions in M a l e  Mice  in the 2-Year 
Chlorinated Water  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Endocrine System (continued) 
Adrenal gland, medulla (49) (50) (50) (51) 

Developmental malformation 1 (2%) 
Hyperplasia 3 (6%) 1 (2%) 
Hyperplasia, focal 1 (2%) 

Islets, pancreatic (50) (50) (50) (51) 
Hyperplasia 31 (62%) 26 (52%) 29 (58%) 21 (41%) 

Parathyroid gland (49) (48) (45) (49) 
Cyst 1 (2%) 2 (4%) 2 (4%) 

Pituitary gland (48) (49) (49) (49) 
Pars distalis, cyst 2 (4%) I (2%) 7 (14%) 2 (4%) 
Pars distalis, hyperplasia I (2%) 5 (I0%) 

Thyroid gland (50) (50) (50) (51) 
Degeneration, cystic 12 (24%) 14 (28%) 13 (26%) 12 (24%) 
Inflammation, suhacute 3 (6%) 
Follicle, cyst I (2%) I (2%) 4 (8%) 
Follicular cell, hyperplasia 5 (I0%) 7 (14%) 4 (8%) 3 (6%) 

General Body System 
None 

Genital System 
Coagulating gland (8) (7) (6) (4) 

Dilatation 8 (100%) 6 (86%) 5 (83%) 4 (100%) 
Inflammation, suppurative I (13%) 

Epididymis (50) (50) (50) (51) 
Atypical cells 1 (2%) 
Fibrosis 1 (2%) 
Granuloma sperm 1 (2%) 
Inflammation, chronic I (2%) 2 (4%) 

Preputial gland (4) (11) (20) (7) 
Ectasia 4 (I00%) 9 (82%) 18 (90%) 6 (86%) 
Inflammation, chronic I (9%) 9 (45%) 3 (43%) 
Intflammation, suppurative I (5%) 

Prostate (50) (49) (50) (51) 
Cyst 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, chronic 2 (4%) 2 (4%) 
Inflammation, suppurative 1 (2%) 

Seminal vesicle (50) (50) (50) (51) 
Dilatation 20 (40%) 22 (44%) 21 (42%) 14 (27%) 
Fibrosis 1 (2%) I (2%) 1 (2%) 
Hemorrhage 1 (2%) I (2%) 
Inflammation, chronic I (2%) 2 (4%) 2 (4%) 

Testes (50) (50) (50) (51) 
Mineralization 1 (2%) 1 (2%) 
Interstitial cell, hyperplasia 1 (2%) 
Seminiferous tubule, atrophy 2 (4%) 1 (2%) 3 (6%) 
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TABI£ F.~ 
S u m m a r y  of  the  Inc idence  of  Nonneoplas t ic  Les ions  in Male  Mice in the  2.Year 
Chlor ina ted  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Hematopoietic System 
Bone marrow (50) (50) (50) 

Angiectasis 1 (2%) 
Hypetcellularity 3 (6%) 2 (4%) 3 
Necrosis 1 (2%) 

Lymph node (50) (50) (50) 
Bronchial, hyperplasia, lymphoid 1 (2%) 
Mediastinal, hemorrhage 
Mediastinal, hyperplasia, plasma cell 1 (2%) 

Lymph node, mandibular (49) (48) (48) 
Hyperplasia, lymphoid 2 (4%) 2 (4%) 1 
Hyperplasia, plasma cell 3 (6%) 2 (4%) 1 

Lymph node, mesenteric (,46) (48) (50) 
Depletion 1 (2%) 
Hematopoietic cell proliferation 6 (13%) 6 (13%) 6 
Hemorrhage 22 (48%) 20 (42%) 16 
Hyperplasia, histioofle 1 (2%) 
Hyperplasia, lymphoid 6 (13%) 1 (2%) 1 
Hyperplasia, plasma cell 1 (2%) 
Inflammation, suppurative 1 (2%) 

Spleen (50) (50) (50) 
Angiectasis 1 
Congestion 
Hematopoietic cell proliferation 9 (18%) 12 (24%) 7 
Pigmentation, hemosiderin 1 (2%) 
Lymphoid follicle, atrophy 3 (6%) 1 
Lymphoid follicle, hyperplasia 4 (8%) 2 (4%) 4 
Red pulp, atrophy 2 (4%) 2 
Red pulp, hyperplasia 3 (6%) 2 (4%) 

Thymus (47) (43) (46) 
Cyst 9 (19%) S (19%) 4 
Depletion 11 (23%) 11 (26%) 5 
Hyperplasia, lymphoid 1 (2%) 

(6%) 

(2%) 
(2%) 

(12%) 
(32%) 

(2%) 

(2%) 

(14%) 

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

(9%) 
(11%) 

(51) 
1 (2%) 
4 (8%) 

(51) 

1 (2%) 

(48) 

(50) 

1 (2%) 
15 (ao%) 

4 (8%) 

(51) 
2 (4%) 
1 (2%) 

11 (22%) 

1 
1 

(49) 
9 
8 

(2%) 
(2%) 

(18%) 
(16%) 

Integumentary System 
Skin 

Acanthosis 
Inflammation, chronic 
Ulcer 
Fat, necrosis 
Subcutaneous tissue, edema 
Subcutaneous tissue, fibrosis, focal 

(49) 

1 (2%) 

(50) 
1 

1 

1 

(2%) 

(2%) 

(2%) 

(51) 

(2%) 

(2%) 

Musculoskeletal System 
Bone 

Hyperosto~is 
(50) (50) (50) (51) 

1 (2%) 1 (2%) 
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TABLE E$ 
S u m m a r y  o f  the Incidence of Nonneoplastic Lesions in Male  Mice  in the 2-Year 
Chlorinated Water  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Nervous System 
Brain (50) (50) (50) (51) 

Cyst 1 (2%) 
Hemorrhage 2 (4%) 
Hydrocephalus 1 (2%) 
Metaplasia, osseous 1 (2%) 
Thalamus, mineralization 41 (82%) 38 (76%) 43 (86%) 40 (78%) 

Respiratory System 
Lung (50) (50) (50) (51) 

Congestion 2 (4%) 2 (4%) 2 (4%) 3 (6%) 
Hemorrhage 2 (4%) 3 (6%) 3 (6%) 2 (4%) 
Hyperplasla, lymphoid 6 (12%) 3 (6%) 5 (10%) 2 (4%) 
Infiltration cellular, histiocytic 16 (32%) 2 (4%) 6 (12%) 7 (14%) 
Leukocytosis 1 (2%) 
Metaplasia, osseous 1 (2%) 
Thrombns I (2%) 
Alveolar epithelium, hyperplasia 6 (12%) 2 (4%) 2 (4%) 4 (8%) 

~ose (50) (50) (50) (51) 
Exudate 8 (16%) 8 (16%) 2 (4%) 1 (2%) 
Glands, hyperplasia, cystic 6 (12%) 4 (8%) 2 (4%) 4 (8%) 

Trachea (50) (50) (50) (51) 
Inflammation, suppurative 2 (4%) 

Special Senses System 
Eye (1) 

Cornea, inflammation, suppurative 1 (100%) 

Urinary System 
Kidney (50) (50) (50) (51) 

Casts protein 6 (12%) 8 (16%) 10 (20%) 10 (20%) 
Cyst 28 (56%) 24 (48%) 23 (46%) 25 (49%) 
Glomerulosclerosis 4 (8%) 1 (2%) 
Granuloma 1 (2%) 2 (4%) 4 (8%) 
Hydronephrosis 2 (4%) 5 (10%) I (2%) 
Hyperplasia, lymphoid 12 (24%) 10 (20%) 15 (30%) 18 (35%) 
Inflammation, suppurative I (2%) 
Metaplasia, osseous I (2%) I (2%) I (2%) 1 (2%) 
Mineralization 48 (96%) 46 (92%) 44 (88%) 42 (82%) 
Pigmentation, cholesterol 1 (2%) 
Papilla, necrosis 1 (2%) 
Renal tubule, atrophy 4 (8%) 16 (32%) 11 (22%) 7 (14%) 
Renal tubule, dilatation 6 (12%) 5 (I0%) 20 (39%) 
Renal tubule, hyperplasia, focal I (2%) 2 (4%) 
Renal tubule, necrosis I (2%) 2 (4%) 
Renal tubule, regeneration 45 (90%) 45 (90%) 49 (98%) 47 (92%) 
Transitional epithelium, hyperplasia 3 (6%) 1 (2%) 

Urinary bladder (50) (50) (50) (51) 
Dilatation 1 (2%) 1 (2%) 3 (6%) 
Hemorrhage 1 (2%) 
Hyperplasia, lymphoid 4 (8%) I (2%) 2 (4%) 5 (10%) 
Mucosa, hyperplasia 1 (2%) 
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T A m ~  F I  
S u m m a r y  o f  the  Inc idence  of  N e o p l a s m s  in F e m a l e  Mice  in  the  2 - Y e a r  
C h l o r i n a t e d  W a t e r  S tudy  

0 ppm 70 ppm 140 ppm 275 ppm 

Disposition Summary 
Animals initially in study 
15-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 
Accidental death 

Survivors 
Terminal sacrifice 
Died last week of study 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
10 9 10 10 

3 6 3 3 
13 14 19 12 

1 0 0 0 

33 31 27 35 
0 0 1 0 

50 51 50 50 

Alimentary System 
Gallbladder 
Intestine large, cecum 
Intestine small, ileum 
Intestine small, jejunum 

Hemangioma 
Liver 

Alveoiar/bronchiolar carcinoma, metastatic, 
lung 

Chemodectoma malignant, metastatic, 
thyroid gland 

Fibrous hlstiocytoma 
Hemangiosarcoma 
Hepatobiastoma 
Hepatocellular carcinoma 
Hepatoceilular carcinoma, two, multiple 
Hepatocellular carcinoma, four, multiple 
Hepatocellular adenoma 
Hepatocelluiar adenoma, two, multiple 
Hepatocellular adenoma, three, multiple 
Hepatocellular adenoma, four, multiple 
Hepatocellular adenoma, five, multiple 
Hepatoceihlar adenoma, greater than five, 

multiple 
Histiocytic sarcoma 
Osteosarcoma, metastatic, bone 

Mesentery 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 
Chemodectoma malignant 
Fibrous hlstiocytoma 
Hemangiosarcoma 
Histiocyfic sarcoma 

(47) (49) (48) (50) 
(47) (51) (50) (49) 
(48) (51) (49) (47) 
(48) (51) (49) (50) 

1 
(50) (51) (50) (50) 

1 (2%) 

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

1 (2%) 
6 (12%) 6 (12%) 6 (12%) 5 

1 (2%) 
1 (2%) 

13 (26%) 11 (22%) 7 (14%) 18 
3 (6%) 6 (12%) 5 (10%) 4 
1 (2%) 4 (8%) 
1 (2%) 1 (2%) 2 (4%) 
i (2%) 

(17) (10) 

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

1 
(12) (8) 

1 (8%) 

i (8%) 

(lO%) 

i (6%) 

i (6%) 
1 

(2%) 

(lO%) 

(36%) 
(8%) 

(2%) 
(2%) 
(2%) 
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TA~L~ F I  
S u m m a r y  of  the  Incidence of  Neoplasms in Female Mice in the 2-Year 
Chlor ina ted  Wate r  S tudy (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

Alimentary System (continued) 
Pancreas 

Fibrous histiocytoma 
Hemangloma 

Salivary glands 
Stomach, forestomach 

Hemanglom~ 
Leiomyoma 
Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 
Carcinoid tumor malignant 

(50) (50) (49) (50) 
1 (2%) 
i (2%) 

(49) (51) (50) (50) 
(50) (51) (50) (50) 

I (2%) 
1 (2%) 

1 

1 
(50) (51) (50) (50) 

~ (2%) 

(2%) 
(2%) 

Cardiovascular System 
Blood vessel (2) (I) (1) 
Heart (50) (51) (50) (50) 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 1 (2%) 

Fibrous histiocytoma 1 (2%) 

Endocrine System 
Adrenal gland, cortex (50) (51) (50) 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 1 

Histiocytic sarcoma 1 (2%) 
Adrenal gland, medulla (50) (51) (50) 

Pheochromocytoma malignant 
Pheochromocytoma benign 1 

Islets, pancreatic (50) (50) (49) 
Adenoma 1 (2%) 1 

Pituitary gland (48) (50) (48) 
Pars distalis, adenoma 5 (10%) 8 (16%) 4 
Pars intermedia, adenoma 1 (2%) 

Thyroid gland (50) (51) (50) 
Chemodectoma malignant 1 (2%) 
Follicular cell, adenoma 2 (4%) 
Follicular cell, carcinoma 

(5o) 

(2%) 

(50) 
1 

(2%) 
(50) 

(2%) i 
(50) 

(8%) 6 

(5o) 

2 
1 

(2%) 

(2%) 

(12%) 

(4%) 
(2%) 

General Body System 
Tissue NOS (1) (1) 
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TABLE F1 
S u m m a r y  of  the  Incidence  of  Neoplasms in Female Mice in the  2-Year 
Chlor ina ted  W a t e r  S tudy (continued) 

0 ppm .~0 ppm 100 ppm 200 ppm 

Genital System 
Ovary 

Adenoma 
Cystadenocarcinoma 
Cystadenoma 
Granulosa-theca tumor benign 
Hemangioma 
Teratoma benign 

Uterus 
Carcinoma 
Histiocytic sarcoma 
Leiomyosarcoma 
Polyp stromal 
Sarcoma 

(46) (46) 
2 (4%) 

1 
1 (2%) 
I (2%) 

(50) (50) 
1 
1 

1 (2%) 

1 (2%) 

(2%) 

(48) (46) 

1 
1 (2%) 

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

1 

(2%) 

(2%) 

(50) 

(2%) 

(6%) 

Hematopoietic System 
Bone marrow 

Fibrous histiocytoma 
Lymph node 

Axillary, fibrosarcoma, metastatic, skin 
Bronchial, alveolar/bronchiolar carcinoma, 

metastatic, lung 
Mediastinal, alveolar/bronchiolar carcinoma, 

metastatic, lung 
Mediastinal, osteosarcoma, metastatic, bone 

Lymph node, mandibular 
Carcinoma, metastatic, harderian gland 
Fibrosarcoma, metastatic, skin 

Lymph node, mesenteric 
Renal, iliac, mediastinal, mandibular, 

fibrous histiocytoma 
Spleen 

Fibrous histiocytoma 
Hemangloma 
Hemanglosarcoma 
Histiocytic sarcoma 

Thymus 
Fibrous histiocytoma 
Thymoma benign 
Thymoma malignant 

(50) 
1 (2%) 

(50) 
1 (2%) 

(46) 

(49) 

1 (2%) 
(49) 

1 (2%) 

1 (2%) 

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

(51) (50) (50) 
1 (2%) 

(51) (50) (50) 

(49) 

(47) 

(51) 

1 

(49) 

2 

(2%) 

(4%) 

1 (2%) 

1 (2%) 

(50) 
1 
I 

(4S) 

(49) 
1 

(46) 
1 

1 
(49) 

(2%) 
(2%) 

(48) 

(50) 
(2%) 

1 
(2%) 

1 
(45) 

(2%) 

(2%) 

(2%) 

(2%) 

(2%) 

Integumentary System 
Mammary gland 
Skin 

Fibrosarcoma 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemangiosarcoma 
Subcutaneous tissue, sarcoma 

(49) 
(50) 

1 

1 

(2%) 

(2%) 

(5O) 
(51) 

(4%) 

(5O) 
(50) 

(6%) 
(2%) 

(5o) 
(5o) 

(2%) 
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TASLE F I  
S u m m a r y  of  the  Incidence of  Neoplasms in Female  Mice in the 2-Year 
Chlor ina ted  Wate r  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Musculoskeletal System 
Bone (50) (51) 

Fibrous histiocytoma 
Osteosarcoma 1 (2%) 

Skeletal muscle (2) (3) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 
Fibrosarcoma, metastatic, skin 1 (50%) 1 
Histioeytic sarcoma 1 
Osteosarcoma, metastatic, bone 1 (50%) 
Sarcoma 

(33%) 
(33%) 

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

(1) (I) 

1 (100%) 

(2%) 

(100%) 

Nervous System 
Brain 

Fibrous histioeytoma 
(49) (51) (50) (50) 

1 (2%) 

Respiratory System 
Lung 

Alvcolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, harderian gland 
Chemodectoma malignant, metastatic, 

thyroid gland 
Fibrosarcoma, metastatic, skin 
Fibrous histioeytoma 
Hepatocellular carcinoma, metastatic, liver 
Histiocytic sarcoma 
Osteosarcoma, metastatic, bone 

(50) (51) (5o) (50) 
4 (8%) 5 (lO%) 2 (4%) 2 
1 (2%) 6 (12%) 5 (lO%) 2 

1 (2%) 

1 (2%) 

1 (2%) 

(2%) 

(2%) 

1 (2%) 
1 (2%) 

(4%) 
(4%) 

(4%) 

(2%) 

Special Senses System 
Harderian gland 

Adenoma 
Carcinoma 

(I) (3) (4) (7) 
1 (100%) 1 (25%) 3 

1 (33%) 1 (25%) 
(43%) 

Urinary System 
Kidney 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

Fibrous histiocytoma 
Histiocytic sarcoma 
Osteosarcoma, metastatic, bone 

Urinary bladder 
Histiocytic sarcoma 

(50) 

1 (2%) 

(49) 

(51) 

(50) 

(5o) 

1 (2%) 

1 (2%) 

(49) 

(5o) 

1 
(50) 

1 

(2%) 

(2%) 
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TABLE F1 
S u m m a r y  of the  Inc idence  of Neoplasms in  Female  Mice in  the 2-Year 
Ch lo r ina ted  Wa te r  Study (continued) 

0 ppm 50 ppm 100 ppm :~00 ppm 

Systemic Lesions 
Multiple organs a (50) (51) (50) (50) 

Histiocyticsarcoma 2 (4%) 1 (2%) 1 (2%) 
Leukemia erythrocytic 1 (2%) 
Leukemia granulocytic 1 (2%) 
Lymphoma malignant lymphocytic 2 (4%) 3 (6%) 1 (2%) 2 (4%) 
Lymphoma malignant mixed 7 (14%) 10 (20%) 7 (14%) 4 (8%) 

Tumor Summary 
Total animals with primary neoplasms b 

Total primary neoplasms 
Total animals with benign neoplasms 

Total benign neoplasms 
Total animals with malignant neoplasms 

Total malignant neoplasms 
Total animals with secondary neoplasms c 

Total secondary neoplasms 

35 43 37 39 
73 72 69 64 
26 27 23 33 
40 36 29 43 
23 30 25 19 
33 36 40 21 
3 2 4 3 
5 3 12 6 

a The number in parentheses is the number of animals with any tissue examined microscopically. 
b Primary tumors: all tumors except metastatic tumors 
¢ Secondary tumors: metastatic tumors or tumors invasiv¢ to an adjacent organ 
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TAnLE F2 
Individual Animal Tumor Pathology of Female Mice in the 2-Year Chlorinated Water Study: 
0 ppm 

Number of  Days on Study 
0 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

7 7 7 7 7 2 2 2 7 2 7 7 2 2 2 2 7 7 7 7 7 7 7 2 2  
7 8 7 8 7 4 4 5 7 6 6 6 6 6 6 5 7 7 7 7 8 8 9 5 6  

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

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

M +  + + + + + + + + + + + + + + + + ÷ + + + + ÷ + 
A +  + + + + + + + + + + + + + + + + + + + + + + + 
A + + + + + + + + + I  + + + + + + + + + + + + + +  
A + + + + + + + + + + + + + + + + + + + + + + + + 
M +  + + + + + + + + + + + + + + + + + + + + + + + 
A +  + + + + + + + + + + + + + + + + + + + + + + + 
A + + + + M + + + + + + + + + + + + + + +  + + + +  
A + + + + + M + + + + + + + + + + + + + + +  + + +  

A +  + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X 

X X X X 

X 

X 
+ + + + + + + + .4- 

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

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, je junum 
Liver 

Fibrous histiocytoma 
Hcmanglo~arcoma 
Hepatoccl lular  carcinoma 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Hepatoccl lular  adcnoma, 

five, multiple 
Mescntery 

Chemodectoma malignant 
Hemanglosarcoma 

Pancreas 
Fibrous histiocytoma 
Hemangloma 

Saliva W glands 
Stomach 
Stomach, forestomach 

Hemangloma 
Lciomyoma 

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 

C a r d i o v a s c u l a r  S y s t e m  

Blood vessel + + 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

+:  Tissue examined microscopically M: Missing t i ~ u e  X: Lesion present 
A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e  W a t e r  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  

C a r c a s s  ID N u m b e r  

2 2 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 2 2 2 2 7  
6 6 6 6 6 7 4 4 5 5 5  6 6 7 8 8 8 8 8 8 5 5 5  5 7  T o ~ !  
3 4 5 7 9 0 6 9 0 1 2 8 9 9 2 3 5 6 7 8 4 5  6 7 0  ~ u ~  
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  T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 

Fibrous histiocytoma 

Hemangiosarcoma 

Hepatocellular carcinoma 
Hepatoceilular adenoma 
Hepatgcellular adenoma,  

two, multiple 
Hepatocellular adenoma,  

three, multiple 
Hepatocellular adenoma,  

four, multiple 
Hepatocellular adenoma,  

five, multiple 
Mesentery 

Chemodectoma malignant 
Hemangiosarcoma 

Pancreas 
Fibrous histiocytoma 
Hemangioma 

Salivary glands 
Stomach 
Stomach, forestomach 

Hemangioma 
Leiomyoma 

Stomach, glandular 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + I  + + + + + + + + + I  + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + M + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + M + + + + M + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

1 
X X X 6 

X X  X X X X X  X 13 

X X 3 

X 1 

X 1 

+ + + +  ++ + + 

X 

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

X 

+ + + + + + + + + + ÷ + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + ÷ + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + ÷ + 

X 

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

1 
17 

1 
1 

50 

1 

1 

49 

50 

50 

1 

1 
50 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 2 
Heart ÷ ÷ ÷ ÷ ÷ + + ÷ + ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ + ÷ ÷ ÷ ÷ ÷ ÷ 50 
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TABLE F2 
Individual Animal Tumor Pathology of Female Mice in the 2.Year Chlorinated Water Study: 
0 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

0 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

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

Carcass ID Number 

7 7 7 7 7 2 2 2 7 2 7 7 2 2 2 2 7 7 7 7 7 7 7 2 2  
7 8 7 8 7 4 4 5 7 6 6 6 6 6 6 5 7 7 7 7 8 8 9 5 6  

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

Endocrine S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 
Adrenal  gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars intermedia, adenoma 

Thyroid gland 
Follicular cell, adenoma 

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

+ + + + + + + + + + + + + + + + + M +  + + + + + + 
M + + + + + + + + I  + + + + + + + + + + + + + + +  

X X 

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

X 

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  System 
Ovary 

Adenoma 
Hemangioma 
Teratoma benign 

Uterus 
Leiomyosarcoma 
Sarcoma 

+ + + + + + + + + + + + + + + + + + + I + + + + + 

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

X 
X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 

Fibrous histiocytoma 
Lymph node 

Axillary, fibrosarcoma, 
metastatic, skin 

Lymph node, mandibular  
Lymph node, mesenteric 

Renal, lilac, mediastinal, 
mandibular, fibrous 
histiocytoma 

Spleen 
Fibrous histiocytoma 
Hemangiosarcoma 

Thymus 
Fibrous hist ioojtoma 
Thymoma benign 

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

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

X 
+ + + + + + + + + + + + + I  + + + + + + + M +  + + 
A + + + + + + + + + + + + + + + + + + + + + + + +  

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

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

X 
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T A ~ L ~  F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  

C a r c a s s  ID  N u m b e r  

2 2 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 2 2 2 2 7  

6 6 6  6 6 7  4 4 5 5  5 6 6 7  8 8 8 8 8 8 5  5 5 5 7 T o ~ I  

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

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  T u m o r  

Endocrine S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 
,Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars intermedia, adenoma 

Thyroid gland 
Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + M + + + + + + + + + + + + + + + + + + + + M  47 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

X X  X 5 
X 1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 2 

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  S y s t e m  
Ovary 

Adenoma 
Hemangloma 
Teratoma benign 

Uterus 
Leiomyosarcoma 
Sarcoma 

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

X 

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

46 
2 
1 
1 

50 
1 
1 

H e m a t o p o i e t i c  S y s t e m  

Bone marrow 
Fibrous histiocytoma 

Lymph node 
Axillagy, fibrosarcoma, 

metastatic, skin 
Lymph node, mandibular  
Lymph node, mesenteric 

Renal,  iliac, mediastinal, 
mandibular, fibrous 
histiocytoma 

Spleen 
Fibrous histiocytoma 
Hemangiosarcoma 

Thymus 
Fibrous histiocytoma 
Thymoma benign 

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

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

+ + + + + + + + + + + + + + + I  + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

X 

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

X 

50 
1 

50 

1 
46 
49 

1 
49 
1 
1 

48 
1 
1 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

Number of Days on Study 
0 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  
1 5 1 1 3 6 8 8 5 5 8 8 9 9 9 9 3 3 3 3 3 3 3 3 3  
6 2 0 8 6 1 1 8 3 9 1 8 4 5 5 8 1 3 3 3 3 3 3 4 4  

Car,-a.~q ID  N u m b e r  

7 7 7 7 7 2 2 2 7 2 7 7 2 2 2 2 7 7 7 7 7 7 7 2 2  
7 8 7 8 7 4 4 5 7 6 6 6 6 6 6 5 7 7 7 7 8 8 9 5 6  

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

I n t e g u m e n t a r y  Sys t em  
Mammary gland 
Skin 

Fibrosarcoma 
Subcutaneous tissue, sarcoma 

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

X 

Muscu loske l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

Ostecaarcoma X 
Skeletal muscle + + 

Fibrosarcoma, metastatic, skin X 
Osteosarcoma, metastatic, bone X 

N e r v o u s  Sys t em  
Brain M +  + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  Sys t em  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic, skin 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

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

X 
X 

X 

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

Special  S e n s e s  Sys t em  
Harderian gland 

Adenoma 

U r i n a r y  S y s t e m  
Kidney 

Fibrous histiocytoma 
Ureter 
Urinary bladder 

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

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

Sys temic  L e s i o n s  
Multiple organs 

Leukemia e~ythrocytic 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

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

X 

X X 
X X X X  
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TABtJ~ F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  the 2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

0 p p m  (continued) 

N u m b e r  o f  Days  on S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  

C a r c a s s  ID N u m b e r  

2 2 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 2 2 2 2 7  
6 6 6 6 6 7 4 4 5 5 5 6 6 7 8 8 8 8 8 8 5 5 5 5 7  Tota l  

3 4 5 7 9 0 6 9 0 1 2 8 9 9 2 3 5 6 7 8 4 5  6 7 0  T i ~ u ~  
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  T u m o ~  

I n t e g u m e n t a r y  Sys t em 
Mammary gland 
Skin 

Fibrosareoma 
Subcutaneous tissue, sarcoma 

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

X 

49 
50 

1 
1 

Muscu loske le ta l  Sys tem 
Bone 

Osteosareoma 
Skeletal muscle 

Fibrosareoma, metastatic, skin 
Osteosareoma, metastatic, bone 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 
2 
1 
1 

Nervous  Sys tem 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Resp i ra to ry  Sys tem 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrc~areorna, metastatic, skin 
Hcpatocellular carcinoma, 

metastatic, liver 
Nc~e 
Trachea 

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

X X  X 

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

50 
4 
1 
1 

1 
50 
50 

Special Senses  Sys tem 
Harderian gland 

Adcnoma 

+ 

X 

Ur ina ry  Sys t em 
Kidney 

Fibrous histioeytoma 
Ureter 
Urinary bladder 

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

X 

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

50 
1 
1 
49 

Systemic  Les ions  
Multiple organs 

Leukemia crythroeyti¢ 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

+ + ÷ ÷ + + + ÷ ÷ ÷ + + ÷ + + + + + + + + + ÷ ÷ ÷ 

X X X 

50 
I 
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TAnL~ F2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  in  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S tudy :  
70 ppm 

Number of Days on Study 
2 3 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
1 5 0 3 5 6 8 1 2 4 4 6 7 8 0 0 1 2 3 3 3 3 3 3 3 3  
1 1 1 3 2 4 9 6 2 0 2 6 3 4 7 8 7 1 0 2 3 3 3 3 3 3  

C a ~ - ~  ID Number  

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

Alimentary sys tem 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Chemodectoma malignant, 
metastatic, thyroid gland 

Hepatocellular carcinoma 
Hepatocellular carcinoma, 

two, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, 

two, multiple 
Hepatocellular adenoma, 

four, multiple 
Hepatocellular adenoma, greater 

than five, multiple 
Histiocytic sarcoma 

Mesentery 
Histiocytic sarcoma 

Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Carcinoid tumor malignant 

+ 

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

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

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

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

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

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

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

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

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

X X 
X X X X 

X 
X X X 

X 

X 
++ + + + 

X + 

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

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

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

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

Cardiovascular  System 
Blood ve.~el + ÷ 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

70  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 6 6 6 6 6 6 8 8 8 8  

C a r c a s s  I D  N u m b e r  

9 9 9 9 4 4 4 4 4 4 4 4 4 4 4 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 6 6 6 6 6 7 7 7 5 6 6 7 8 8 9 9 9 8 8 8 8  Tota l  

5 6 7  9 2 3 4  6 8 0  2 3  6 0 9 8  0 8  0 1  2 2 5 6 7 T i ~ u ~  

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  T u m o m  

A l i m e n t a r y  S y s t e m  
Esophagus + 
Gallbladder + 
Intestine large + 
Intestine large, cecum + 
Intestine large, colon + 
Intestine large, rectum + 
Intestine small + 
Intestine small, duodenum + 
Intestine small, ileum + 
Intestine small, jejunum + 
Liver + 

Chemodectoma malignant, 
metastatic, thyroid gland 

Hepatocellular carcinoma 
Hepatocellular carcinoma, 

two, multiple 
Hepatocellular adenoma X 
Hepatocellular adenoma, 

two, multiple 
Hepatocellular adenoma, 

four, multiple 
Hepatocellular adenoma, greater 

than f'r~e, multiple 
Histiocytic sarcoma 

Mesentery 
Histiocytic sarcoma 

Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Car¢inoid tumor malignant 

+ + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + M + + + + + + + + + + + + +  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + 51 

1 
X 6 

X 1 
X X X X X X 11 

X X X X X  6 

X 

X 

+ + + + + 

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

X 

1 
1 

10 
1 

50 
51 
51 
51 
51 
1 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 1 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 51 



290 Chlorinated and Chloraminated Water, NTP TR 392 

TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

Number of Days on Study 
2 3 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

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

Carcass ID Number 

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9  
0 4 9 4 4 0 4 4 4 9 9 4 4 9 9 9 9 9 9 4 4 4 4 4 4 9  

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

Endocrine S y s t e m  
Adrenal  gland 
Adrenal gland, cortex 

Histiocytic sarcoma 
Adrenal  gland, medulla 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

P a ~  distalis, adenoma 
Thyroid gland 

Chemodectoma malignant 

+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + ÷ + 

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

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

+ M +  + + + + + + + + + + + + + + + + + + + + + + + 
+ + M +  + + + + + + + + + + + + + + + + + + + + + X  

X + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

General B o d y  S y s t e m  
None 

G e n i t a l  S y s t e m  

Ovary 
Oranulosa-theca tumor benign 

Uterus  
Carcinoma 
Histioeytic sarcoma 

+ + + + + + M + + + + + + + I  + + +  + + + M + + M  

+ + + + + + M +  + + + + + + + + + + + + + + + + + 
X 

+ 

÷ 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular  

Lymph node, mesenteric 
Spleen 

Hemangiosareoma 

Thymus 
Thymoma benign 

+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + M + + + +  + + M + + + M + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ 

+ + + + + + + + + + I  + + M + + + +  + + + + +  + +  
X 

Integumentary System 
Mammary gland 
Skin 

Subcutaneous tissue, 
f ibrmarcoma 

+ 

+ + + + + + + + + + + + + + + + + + + + + M +  + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 

M u s c u l o s k e l e t a l  S y s t e m  
Bone 
Skeletal muscle 

Fibrosarcoma, metastatic, skin 
Histiocytic sarcoma 

X 
X 

+ 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 6 6 6 6 6 6 8 8 8 8  

C a r c o ~  I D  N u m b e r  

9 9 9 9 4 4 4 4 4 4 4 4 4 4 4 9 9 9 9 9 9 9 9 9 9  

9 9 9 9 6 6 6 6 6 7 7 7 5 6 6 7 8 8 9 9 9 8 8 8 8  T o t a l  

5 6 7 9 2 3 4 6 8 0 2 3 6 0 9 8 0 8 0 1 2 2 5 6 7 ~ u ~  

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 T u m o m  

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal gland, cortex 

Histiocytic sarcoma 
Adrenal  gland, medulla 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Chemodectoma malignant 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

51 
51 
1 

51 
50 

1 
50 
50 
8 

51 
1 

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  S y s t e m  

Ovary 
Granulosa-theca tumor benign 

Uterus 
Carcinoma 
Histiocyti¢ sarcoma 

+ + +  + I  + +  + + + +  + + + + + + + + + + + + + +  
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

46 
1 

50 
1 
1 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemanglosarcoma 
Thymus 

Thymoma benign 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ M + + + + + I  + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + M +  + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

51 
51 
49 
47 
51 
1 

49 
2 

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Skin 

Subcutaneous tissue, 
fibrosarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
51 

M u s c u l o s k e l e t a l  S y s t e m  

Bone 
Skeletal muscle 

Fibrosarcoma, metastatic, skin 
Histiocytic sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
3 
1 
1 
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T ~ L E  F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

7 0  p p m  (continued) 

Number of Days on Study 
2 3 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

1 5 0 3 5 6 8 1 2 4 4 6 7 8 0 0 1 2 3 3 3 3 3 3 3 3  
1 1 1 3 2 4 9 6 2 0 2 6 3 4 7 8 7 1 0 2 3 3 3 3 3 3  

Carcass ID Number 

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9  
0 4 9 4 4 0 4 4 4 9 9 4 4 9 9 9 9 9 9 4 4 4 4 4 4 9  

0 7 8 6 7 0 6 5 8 7 9 5 6 8 7 8 7 9 8 5 7 7 7 7 7 4  
7 1 3 1 8 0 7 8 0 9 8 7 5 4 6 1 7 3 9 9 4 5 6 7 9 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 1  

Nervous System 
Brain 
Spinal cord 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ 

+ 

R e s p i r a t o r y  S y s t e m  
Lung 

Alvcolarforonchiolar adenoma 
Alvcolar/bronchiolar carcinoma 
Chemodectoma malignant, 

metastatic, thyroid gland 
Histiocytic sarcoma 

Nose 
Trachea 

+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X X X  

X 
X + 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Special  S e n s e s  S y s t e m  
Harderian gland 

Carcinoma 

+ 

X 

U r i n a r y  Sys t em  
Kidney 
Urinary bladder 

+ 
+ + + + + ÷ + + + + + ÷ + + + ÷ + ÷ + + ÷ + ÷ + ÷ + 

+ + ÷ + ÷ + M +  + ÷ ÷ ÷ + ÷ + ÷ + + + ÷ + + + + ÷ 

Sys temic  L e s | o n s  
Multiple organs 

Histiocytic sarcomaa 
Leukemia granulocytic 
Lymphoma malignant 
lymphocytic 

Lymphoma malignanl mixed 

÷ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

+ 

X X X 
X X X X 
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TABLE F2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  in  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

70 ppm (continued) 

Number  of  Days on Study 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 6 6 6 6 6 6 8 8 8 8  

Carcass  ID Number  

9 9 9 9 4 4 4 4 4 4 4 4 4 4 4 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 6 6 6 6 6 7 7 7 5 6 6 7 8 8 9 9 9 8 8 8 8  T o ~ I  
5 6 7 9 2 3 4 6 8 0 2 3 6 0 9 8 0 8 0  I 2 2 5 6 7  T ~ u ~  
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  T u m o ~  

Nervous System 
Brain 
Spinal cord 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
1 

Respira tory  System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Chemodectoma malignant, 

metastatic, thyroid gland 
Histiocytic sarcoma 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
X X X X 5 

X X 6 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

1 
1 

51 
51 

Special Senses  System 
Harderian gland 

Carcinoma 
+ + 3 

1 
Urinary System 
Kidney 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Leukemia granulocytic 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
X 2 

1 

X 3 
X X X X X 10 
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T A m J ~  F2 
I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  m - Y e a r  C h l o r i n a t e d  W a t e r  Study: 
140 ppm 

N u m b e r  o f  D a y s  on  S t u d y  

2 3 3 4 5 5 5 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

6 1 6 5 1 5 5 5 6 7 5 6 8 1 1 2 2 3 3 3 3 3 3 3 3  

8 0 2 3 7 7 7 8 1 5 8 1 1 6 6 6 8 0 0 1 1 2 3 3 4  

Carcass ID Number 

4 9 4 4 4 9 9 4 4 4 4 9 4 4 9 4 4 9 9 9 9 9 4 4 4  
3 6 3 3 2 4 6 4 2 4 4 5 3 4 5 3 3 4 5 5 5 6 3 3 2  

8 1 2 3 1 9 5 1 8 0 5 0 6 2 2 5 9 6 9 4 5 3 4 7 7  
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  

Alimentary System 
Esophagus 
Gallbladder  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small~ duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Fibrous histiocytoma 
Hepatoblastoma 
Hepatocel lular  carcinoma 
Hepatoeel lular  carcinoma, 

four, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Histiocytic sarcoma 

Mesentery 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 
Fibrous histiocytoma 

Pancreas 
Salivary glands 
Stomach 

Stomach, forestomach 
Stomach, glandular 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + M + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + +  + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + A  + + + + + + + + + + + + + + + + + + + + + + 
+ + A  + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

X X X 

X 
X X X 

X 

X 

X 

+ + + + + + + 

X 
X 

+ + A +  + + + + + + + + +  + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + . +  + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + +  + 

C a r d i o v a s c u l a r  System 
Heart  

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Fibrous histiocytoma 
X 

X 
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TAnLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

I 4 0  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 8 8 8  

C a r c a s s  I D  N u m b e r  

4 4 4 4 4 9 4 4 4 4 4 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
3 3 2 4 4 4 2 2 2 2 2 4 4 4 4 4 4 5 5 5 5 5 6 6 6  To ta l  

0 1 9  3 4  8 2 3 4 5  6 1 2 3  4 5  7 1 3  6 7 8 0 2 4 ~ u ~  

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  T u m o r  

Alimentary System 
Esophagus + + + + 
Gallbladder + + + + 
Intestine large + + + + 
Intestine large, cecum + + + + 
Intestine large, colon + + + + 
Intestine large, rectum + + + + 
Intestine small + + + + 
Intestine small, duodenum + + + + 
Intestine small, ileum + + + + 
Intestine small, jejunum + + + + 
Liver + + + + 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Fibrous histiocytoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, 

four, multiple 
Hepatocellular adenoma 
Hepatoceilular adenoma, 

two, multiple X 
Hepatocellular adenoma, 

three, multiple X 
Hepatocellular adenoma, 

four, multiple 
Histiocytic sarcoma 

Mesentery + 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 
Fibrous histiocytoma 

Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

+ + + + + + + + + + + + + + + + + + + + + 50 
M + + + + + + + + + + + + + + + + + + + +  ~ 
+ + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + 50 

1 
1 

X 1 
X X  X 6 

1 
X X X X 7 

X X X 5 

X X 4 

X 2 
X 1 

+ + + + 12 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

1 
1 

49 

50 

50 

50 

50 

C a r d i o v a s c u l a r  Sys t em  
Heart 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Fibrous histiocy~oma 

50 
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TABLE F2 
Individual Animal Tumor Pathology of Female Mice in the 2-Year Chlorinated Water Study: 
140 ppm (continued) 

Number of Days on Study 
2 3 3 4 5 5 5 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

6 1 6 5 1 5 5 5 6 7 5 6 8 1 1 2 2 3 3 3 3 3 3 3 3  
8 0 2 3 7 7 7 8 1 5 8 1 1 6 6 6 8 0 0 1 1 2 3 3 4  

Carcass ID Number 

4 9 4 4 4 9 9 4 4 4 4 9 4 4 9 4 4 9 9 9 9 9 4 4 4  
3 6 3 3 2 4 6 4 2 4 4 5 3 4 5 3 3 4 5 5 5 6 3 3 2  

8 1 2 3 1 9 5 1 8 0 5 0 6 2 2 5 9 6 9 4 5 3 4 7 7  
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  

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Alvcolar/bronchiolar carcinoma, 
metastatic, lung 

Adrenal  gland, medulla 
Pheochromocytoma benign 

Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + +  + + + + + + 

+ + A +  + + + + + + + + + + + + + + + + + + + + + 

+ + M +  + + + + + + + + + + + + + + + + + + + + + 
+ + M + + + + + + + + + + + + + + + + + + + M + +  

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

General B o d y  S y s t e m  
Tissue NOS 

G e n i t a l  S y s t e m  
Clitoral gland 
Ovary 

CO/stadenoma 
Uterus  

Hi~tiocytic sarcoma 
Polyp stromal 

Vagina 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

Fibrous histiocytoma X 
L y m p h n o d c  + + + + + + + + + + + + + + + + + + + + + + + + + 

Bronchial, alveolar/bronchiolar 
carcinoma, metastatic, lung X 

Mediustinal, alvcolar/brronchiolar 
carcinoma, metustatic, lung X 

Lymph node, mandibular  + + + + + + + + + + + + + + + + + + + + + + + + + 
Carcinoma, metastatic, 

harderian gland 
Fibrosarcoma, metastatic, skin 

Lymph node, mesenteric 
Spleen 

Fibrous histiocytoma 
Hemanglosarcoma 

Thymus 
Fibrous hist ioo/toma 
Thymoma malignant 

X 

X 
+ + A +  + + +  + + + + + + + + + + +  + + + + + + + 
+ + M +  + + + + + + + + +  + + + + + + +  + + + +  + 

X 

÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ M ÷ ÷ + ÷ + I M  ÷ ÷ ÷ ÷ ÷ ÷ +  
X 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

140  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 8 8 8  

C a r c a s s  I D  N u m b e r  

4 4 4 4 4 9 4 4 4 4 4 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
3 3 2 4 4 4 2 2 2 2 2 4 4 4 4 4 4 5 5 5 5 5 6 6 6 T o ~ !  

0 1 9 3 4 8 2 3 4 5 6 1 2 3 4 5 7 1 3 6 7 8 0 2 4 T i ~ u ~  
1 1 1  I 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 T u m o ~  

E n d o c r i n e  Sys t em  
Adrenal gland 
Adrenal gland, cortex 

Alveolarfvronchiolar carcinoma, 
metastatic, lung 

Adrenal gland, medulla 
Phcochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 

X 1 
+ + + + + + + + + + + + + + M +  + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + 48 

X X X 4 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Gene ra l  Body Sys t em  
Tissue NOS 

Geni ta l  Sys t em 
Clitoral gland 
Ovary 

Cystadenoma 
Uterus 

Histiocytic sarcoma 
Polyp stromal 

Vagina 

+ + 

+ + + + + + + +  + M +  + + + + + + + + + M +  + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

2 
48 
1 

50 
1 
1 
1 

H e m a ~ e t i c  Sys t em  
~ n e ~  + + + + + + + + + + + + + + + + + + + + + + + + + 

~ b r o ~  h ~ t i ~ o m a  
L ~ n o d e  + + + + + + + + + + + + + + + + + + + + + + + + + 

Bronchial, alveolar/bronchiolar 
carcinoma, metastatic, lung 

Mediastinal, alveolar/bronchiolar 
carcinoma, metastatic, lung 

Lymph node, mandibular 
Carcinoma, metastatic, 

hardcrian gland 
Fibrosarcoma, metastatic, skin 

Lymph node, me,enteric 
Spleen 

Fibrous histiocytoma 
Hemangiosarcoma 

Thymus 
Fibrous histiocytoma 
Thymoma malignant 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + M +  + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + +  + + + + + +  + + + + + + + +  + + M +  

X 

50 
1 

50 

1 
50 

1 
1 

48 
49 
1 
1 

46 
1 
1 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

140 p p m  (continued) 

Number of Days on Study 
2 3 3 4 5 5 5 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
6 1 6 5 1 5 5 5 6 7 5 6 8 1 1 2 2 3 3 3 3 3 3 3 3  
8 0 2 3 7 7 7 8 1 5 8 1 1 6 6 6 8 0 0 1 1 2 3 3 4  

Carcass ID Number 

4 9 4 4 4 9 9 4 4 4 4 9 4 4 9 4 4 9 9 9 9 9 4 4 4  
3 6 3 3 2 4 6 4 2 4 4 5 3 4 5 3 3 4 5 5 5 6 3 3 2  
8 1 2 3 1 9 5 1 8 0 5 0 6 2 2 5 9 6 9 4 5 3 4 7 7  
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  

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Subcutaneous tissue, 
fibrosarcoma 

Subcutaneous tissue, 
hemangiosarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 

X 

Musculoskeletal System 
Bone 

Fibrous histiocytoma 
Osteosareoma 

Skeletal muscle 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X 

+ 

X 

Nervous System 
Brain 

Fibrous histioeytoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Carcinoma, metastatic, 

harderian gland 
Fibrous histiocytoma 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X 

X 
X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Special  S e n s e s  Sys t em  
Eye 
Harderian gland 

Adenoma 
Carcinoma 

+ 

X 

+ 
+ + 

X 

U r i n a r y  S y s t e m  
Kidney 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Histiocytic sarcoma 
Urinary bladder 

+ + + +  + + +  + + + + + + + + +  + + + + + + +  + + 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

Sys temic  Les i ons  
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant 

bymphocytic 
Lymphoma malignant mixed 

+ + + + + ÷ + ÷ ÷ + + + ÷ + + + + ÷ + + + ÷ + + ÷ 

X 
X X X 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o l ~  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

140 p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 8 8 8  

C a r c a s s  I D  N u m b e r  

4 4 4 4 4 9 4 4 4 4 4 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
3 3 2 4 4 4 2 2 2 2 2 4 4 4 4 4 4 5 5 5 5 5 6 6 6  To ta l  

0 1 9 3 4 8 2 3 4 5 6 1 2 3 4 5 7 1 3 6 7 8 0  2 4  T ~ u ~  

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  T u m o ~  

I n t e g u m e n t a r y  Sys t em  
Mammagy gland 
Skin 

Subcutaneous tissue, 
fibrosarcoma 

Subcutaneous tissue, 
hemangiosarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Muscu loske l e t a i  Sys t em  
Bone 

Fibrous histiocytoma 
Osteosarcoma 

Skeletal muscle 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 
2 
1 

N e r v o u s  Sys t em 
Brain 

Fibrous histiocytoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

R e s p i r a t o r y  s y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alvcolar/bronchiolar carcinoma 
Carrcinoma, metastatic, 

harderian gland 
Fibrous histiocytoma 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + M +  + + + + + + 

50 
2 
5 

1 
50 
49 

Special  S e n s e s  Sys t em  
Eye 
Harderian gland 

Adenoma 
Carcinoma 

U r i n a r y  Sys t em  
Kidney 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Histiocytic sarcoma 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + M +  + + + + + + + + + + + + + + + + 

50 

1 
1 

49 

Sys temic  Les ion s  
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant 
lymphocytic 

Lymphoma malignant mixed 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

X X  X X 

50 
I 
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TAmJ~ F2 
Individual Animal Tumor Pathology of Female Mice in the 2-Year Chlorinated Water Study: 
275 ppm 

Number of Days on Study 
4 4 4 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

5 8 9 1 3 0 2 5 5 7 8 9 0 2 3 3 3 3 3 3 3 3 3 3 3  

7 0 1 9 6 6 0 1 9 3 6 3 4 7 1 3 3 3 3 3 3 3 4 4 4  

Carcass ID Number 

3 9 3 9 9 4 3 9 9 4 3 9 9 4 9 4 4 4 4 9 9 9 3 3 3  

9 0 9 1 0 0 8 3 2 0 9 1 1 0 1 0 0 0 0 1 1 1 9 9 9  

5 8 7 2 9 7 9 0 7 2 0 3 8 9 6 4 5 6 8 4 5 7 2 3 4  

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  

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + A  + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + A I  + + + + + + + +  + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X  
X X X X X  X 

X X 

X 
X 

+ +  + + +  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + , +  + + + + + + + + 

Alimentary System 
E s o p h a g u s  
G a l l b l a d d e r  
In tes t ine  l a r g e  
In te s t ine  la rge ,  c e c u m  
In tes t ine  la rge ,  c o l o n  
In tes t ine  la rge ,  r e c t u m  
In tes t ine  smal l  
In tes t ine  smal l ,  d u o d e n u m  
In tes t ine  smal l ,  i l eum 
In tes t ine  smal l ,  j e j u n u m  

H e m a n g i o m a  
L ive r  

H e p a t o c e l l u l a r  c a r c i n o m a  

H e p a t o c e l l u l a r  a d e n o m a  
H e p a t o c e l l u l a r  a d e n o m a ,  

two,  mu l t i p l e  
H e p a t o c e l l u l a r  a d e n o m a ,  g r e a t e r  

t h a n  five, mu l t i p l e  
H i s t iocy t i c  s a r c o m a  
O s t e o s a r c o m a ,  me ta s t a t i c ,  b o n e  

M e s e n t e r y  
P a n c r e a s  
Sa l ivary  g l a n d s  
S t o m a c h  
S t o m a c h ,  fo r res tomach  

P a p i l l o m a  s q u a m o u s  
S q u a m o u s  cel l  c a r c i n o m a  

S t o m a c h ,  g l a n d u l a r  + + + + + + + + + + + + + + + + + + + + + + + + + 

C a r d i o v a s c u l a r  System 
B l o o d  vessel  

Hcar~ + + + + + + + + + + + + + + + + + + + + + + + + + 
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TAnL~ F2 
Individual Animal Tumor Pathology of  Female Mice in the 2-Year Chlorinated Water Study: 

" 275 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 5 5 5 5 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 8 8 8 8 8  

C a r c a s s  I D  N u m b e r  

3 3 3 4 4 4 4 3 3 3 3 9 9 9 9 9 9 9 9 9 9 9 9 9 9  

9 9 9 0 0 0 1 8 8 8 9 0 0 1 1 1 2 2 2 2 2 2 2 2 2  T o t a l  

6 8 9 0 1 3 0 6 7 8 1 6 7 0 1 9 0 1 2 3 4 5  6 8 9  ~ m u ~  

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  T u m o m  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 

Hemangloma 
Liver 

Hepatocel lular  carcinoma 
Hepatocellular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, greater  

than five, multiple 
Histiocytic sarcoma 
Osteosarcoma, metastatic, bone 

Mesente~y 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 

÷ ÷ ÷ ÷ ÷ ÷ + + ÷  
÷ ÷ + + + + + + ÷  
+ + + + + + + + +  
+ + + + + + + + ÷  
+ + + + ÷ + + + +  
+ + + + + + + + +  
+ + + + + + + + +  
+ ÷ + + + + + + +  

+ + + + + + M + +  
+ + + + + + + + +  

+ + ÷ + + + + + +  

X X  
X X X X X X X  

M + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + 50 
+ + M +  + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + 50 

X 1 
+ + + + + + + + + + + + + + + + 50 

X 5 
X X X X  X 18 

X X 4 

X 

+ + 
+ + + + + ÷ + + + + + + + + + + + + + + + + + ÷ + 
÷ + + + + + + + + + + + + ÷ + + + + + + ÷ + ÷ + + 
÷ + + + + + + + + + + + + + + + + + + + + ÷ + + + 
+ + + + + + + + ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ + ÷ + + + + + + ÷ 

x 
X 

+ + + ÷ + + + + + + + + + + + + + + + + ÷ + + + + 

1 
1 
1 
8 
50 
50 
50 
50 
1 
1 
50 

C a r d i o v a s c u l a r  S y s t e m  
Blood v ~ l  -4- 1 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

Number of Days on Study 
4 4 4 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

5 8 9 1 3 0 2 5 5 7 8 9 0 2 3 3 3 3 3 3 3 3 3 3 3  
7 0 1 9 6 6 0 1 9 3 6 3 4 7 1 3 3 3 3 3 3 3 4 4 4  

C a r c a s s  I D  N u m b e r  

3 9 3 9 9 4 3 9 9 4 3 9 9 4 9 4 4 4 4 9 9 9 3 3 3  
9 0 9 1 0 0 8 3 2 0 9 1 1 0 1 0 0 0 0 1 1 1 9 9 9  

5 8 7 2 9 7 9 0 7 2 0 3 8 9 6 4 5 6 8 4 5 7 2 3 4  
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  

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, corte~ 
Adrenal  gland, medulla 

Pheochromocytoma malignant 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 
Follicular cell, carcinoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + M + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

General B o d y  S y s t e m  
Tissue NOS 

G e n i t a l  S y s t e m  
Clitoral gland 

Ovary 
Cystadenocarcinoma 

Uterus  
Polyp stromal 

Vagina 

+ + 

+ + + + + + + + + + + + + + + + I + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 
+ 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 

Mediastinal, osteosarcoma, 
metastatic, bone 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemangioma 
Histiocytic sarcoma 

Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + I  + + + 
+ + + + + + + + + + + M + + + + + + + + + + + I  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
M +  + + + + M +  + + + +  + + + + + + + + + + M +  + 

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Skin 

Subcutaneous tissue, 
fibrosarcoma X 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 5 5 5 5 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 8 8 8 8 8  

C a r c a s s  I D  N u m b e r  

3 3 3 4 4 4 4 3 3 3 3 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 0 0 0 1 8 8 8 9 0 0 1 1 1 2 2 2 2 2 2 2 2 2 T o ~ I  

6 8 9 0 1 3 0 6 7 8 1 6 7 0 1 9 0 1 2 3 4 5 6 8 9 T i m u ~  
1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I 1 1 1 T u m o ~  

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 
Follicular cell, carcinoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + M +  + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

50 
50 
50 
1 

50 
1 

48 
50 
6 

50 
2 
1 

Gene ra l  Body System 
Tissue NOS 

Geni ta l  System 
Clitoral gland 
Ovary 

Cystadenocarcinoma 
Uterus 

Polyp stromal 
Vagina 

+ + + +  + + + +  + + M + M M +  + + + + + + + + +  + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

2 
46 

1 
50 
3 
1 

Hematopo i e t i c  Sys t em  
Bone marrow 
Lymph node 

Mediastinal, osteosarcoma, 
metastatic, bone 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemangloma 
Histiocylic sarcoma 

Thymus 

+ + + 
+ + + 

+ + + 
+ + + 
+ + + 

÷ M +  

+ + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + 

+ 

4- 

-i- 

X 

+ + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + 

÷ + ÷ + + + ÷ + + + + ÷ ÷ ÷ + + + M÷ + ÷ ÷ 

50 
50 

1 

49 

48 

50 

1 
1 

45 

Integumentary System 
Mammary gland 
Skin 

Subcutaneous tissue, 
fibrosarcoma 

-i- + ÷ 

+ + + 

+ + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + 
50 

50 
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TABLE F2 
Individual Animal Tumor  Pathology of  Female Mice in the 2-Year Chlorinated Water Study: 
275 ppm (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

4 4 4 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

5 8 9 1 3 0 2 5 5 7 8 9 0 2 3 3 3 3 3 3 3 3 3 3 3  
7 0 1 9 6 6 0 1 9 3 6 3 4 7 1 3 3 3 3 3 3 3 4 4 4  

C a r c a s s  I D  N u m b e r  

3 9 3 9 9 4 3 9 9 4 3 9 9 4 9 4 4 4 4 9 9 9 3 3 3  
9 0 9 1 0 0 8 3 2 0 9 1 1 0 1 0 0 0 0 1 1 1 9 9 9  

5 8 7 2 9 7 9 0 7 2 0 3 8 9 6 4 5 6 8 4 5 7 2 3 4  
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  

Musculoskeletal System 
Bone 

Osteosarcoma 
Skeletal muscle 

Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ 

X 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Hepatocel lular  carcinoma, 

metastatic, liver 
Osteosarcoma, metastatic, bone 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

S p e c i a l  S e n s e s  S y s t e m  

Eye 
Harderian gland 

Adenoma 

+ + + 

X X X 

U r i n a r y  S y s t e m  
Kidney 

Osteosarcoma, metastatic, bone 
Urinary bladder 

Histioeytic sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

Systemic Lesions 
Multiple o rgam 

Histioeytic sarcoma 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

X 

X X  
X X 
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TABLE F 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y :  

2 7 5  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

4 5 5 5 5 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 8 8 8 8 8  

C a r c a s s  I D  N u m b e r  

Mnscu loske l e t a l  Sys t em  
Bone.  

Osteosarcoma 
Skeletal muscle 

Sarcoma 

3 3 3 4 4 4 4 3 3 3 3 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 0 0 0 1 8 8 8 9 0 0 1 1 1 2 2 2 2 2 2 2 2 2  T o t !  

6 8 9 0 1 3 0 6 7 8 1 6 7 0 1 9 0 1 2 3 4 5  6 8 9  T ~ u ~  
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  T u m o ~  

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 
1 
1 

N e r v o u s  Sys t em  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  S y s t e m  
Lung 

Alvcolar/bronchiolar adenoma 
Alvcolar/bronchiolar carcinoma 
Hepatocellular carcinoma, 

metastatic, liver 
Osteosarcoma, metastatic, bone 

Nose 
Trachea 

Special  S e n s e s  S y s t e m  
Eye 
Harderian gland 

Adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ 
+ + + + 

50 
2 
2 

2 
1 

50 
50 

U r i n a r y  S y s t e m  
Kidney 

Ostcosarcoma, metastatic, bone 
Urinary bladder 

Histiocytic sarcoma 

+ + + + ÷ + + + + + + ÷ + + + + + + + + + + + + ÷ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
1 

50 
1 

Sys temic  Les ions  
Multiple organs 

Histioeytic sarcoma 
Lymphoma malignant 

~ympbocytic 
Lymphoma malignant mixed 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 

50 

1 
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TABLE F3 
Stat is t ical  Analysis  of  P r i m a r y  Neop lasms  in Fema le  Mice  in the  2-Year  

Ch lo r ina t ed  W a t e r  Study 

0 ppm 70 ppm 140 ppm 275 ppm 

Harderian Gland: Adenoma 
Overall rates a 
Adjusted rates b 
Terminal rates c 
First incidence ~(days) 
Life table tests u 
Logistic regression tests d 
Cochran-Armita~e test d 
Fisher egact test" 

1/50 (2%) 0/51 (0%) 1/50 (2%) 3/50 (6%) 
3.0% 0.0% 2.6% 8.3% 
1/33 (3%) 0/31 (0%) 0/28 (0%) 2/35 (6%) 
733 (T) _e 681 731 
P=0.114 P--0.5121q P--0.736 P=0.328 
P=0.103 P=0.512N P=0.758 P=0.330 
e =0.096 

P=0.495N P=0.753N P=0.309 

Harderian Gland: Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

1/50 (2%) 1/51 (2%) 2/50 (4%) 3/50 (6%) 
3.0% 3.0% 5.8% 8.3% 
1/33 (3%) 0/31 (0%) 0/28 (0%) 2/335 (6%) 
733 (T) 730 681 731 
P=0.188 P=0.750 P=0.465 P=0.328 
P =0.175 P=0.763 P =0.492 P=0.330 
P =0.162 

P=0.748N P=0.500 P=0.309 

Liver: Hepatocellular Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regre~ion tests 
Cochran-Armitage test 
Fisher exact test 

19/50 (38%) 19/51 07%) 18/50 (36%) 23/50 (46%) 
53.8% 53.2% 53.7% 62.1% 
17/33 (52%) 15/31 (48%) 13/28 (46%) 21/35 (60%) 
561 552 658 704 
P=0.313 P=0.503 P=0.454 P=0.348 
P = 0.261 P =0.568N P =0.537N P = 0.323 
P=0.217 

P=0.551N P=0.5001q P=0.272 

Liver: Hepatocellular Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

6/50 (12%) 7/51 (14%) 7/50 (14%) 5/50 (10%) 
17.2% 19.5% 20.1% 13.5% 
5/33 (15%) 4/31 (13%) 3/28 (11%) 3/35 (9%) 
659 589 558 727 
P=0.365N P=0.468 P=0.415 P=0.460N 
P=0.386N P=0.510 P=0.483 P=0.470N 
P=0.406N 

P--0.515 P=0.500 P=0.500N 

Liver:. Hepatocellular Adenoma, Hepatoblastoma, or Hepatocellular Carcinoma 
Overall rates 20/50 (40%) 22/51 (43%) 23/50 (4.6%) 24/50 (48%) 
Adjusted rates 54.9% 58.4% 63.0% 63.2% 
Terminal rates 17/33 (52%) 16/31 (52%) 15/28 (54%) 21/35 (60%) 
First incidence (days) 561 552 558 704 
Life table tests P=0.346 P=0.346 P=0.175 P=0.358 
Logistic regression tests P=0.272 P=0.439 P=0.290 P=0.322 
Cochran-Armitage test P =0.232 
Fisher enact test P=0.453 P=0.343 P=0.273 
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TABLE F3 
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year 
Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Lung:  Alveola r /bronchio la r  Adenoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Atmitage test 
Fisher exact test 

4/50 (8%) 5/51 (10%) 2/50 (4%) 2/50 (4%) 
10.9% 15.3% 6.2% 4.9% 
3/33 (9%) 4/31 (13%) 1/28 (4%) 1/35 (3%) 
452 708 716 519 
P=0.165N P--0.474 P=0.386N P=0.318N 
P=0.176N Pffi0.512 P=0.338N P--0.370N 
P=0.179N 

P ffi 0.513 P ffi 0.339N P -- 0.339N 

Lung: Alveolar /bronchio la r  Ca rc inoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/50 (2%) 6/51 (12%) 5/50 (10%) 2/50 (4%) 
3.0% 17.1% 15.3% 5.2% 
1/33 (3%) 4/31 (13%) 3,r28 (11%) 1/35 (3%) 
733 (T) 622 658 673 
P=0.511N P=0.054 P=0.085 P=0.516 
P=0.533N P=0.061 P=0.097 P=0.509 
P=0.547N 

P=0.059 P=0.102 P=0.500 

Lung: Alveolar /bronchio la r  Adenoma o r  Alveolar /bronchio lar  Ca rc inoma  
Overall rates 5/50 (10%) 10/51 (20%) 7/50 (14%) 4/50 (8%) 
Adjusted rates 13.9% 28.4% 20.9% 10.0% 
Terminal rates 4/33 (12%) 7/31 (23%) 4/28 (14%) 2/35 (6%) 
First incidence (days) 452 622 658 519 
Life table tests P=0.238N P=0.118 P=0.314 P=0.471N 
Logistic regression tests P=0.258N P=0.139 P=0.368 P=0.521N 
Cochran-Armitage test P =0.268N 
Fisher exact test P=0.141 P=0.380 P=0.500N 

Pi tu i t a ry  Gland  (Pa r s  Distal is) :  Adenoma 
Overall rates 5/48 (10%) 
Adjusted rates 14.6% 
Terminal rates 4/33 (12%) 
First incidence (days) 698 
Life table tests P=0.495N 
Logistic regxession tests Pf0.514N 
Cochran-Armitage test P--0.521N 
Fisher exact test 

8/50 (16%) 
24.8% 
7/31 (23%) 
717 
P--0.246 
P =0.275 

P=0.304 

Skin (Subcutaneous Tissue): Fib rosa rcoma  
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/33 (0%) 
First incidence (days) - 
Life table tests P=0.450 
Logistic regression tests P=0.401 
Cochran-Armitage test P=0.433 
Fisher exact test 

2/51 (4%) 
4.6% 
0/31 0%) 
564 
P=0.245 
P=0.231 

P=0.252 

4/48 (8%) 
14.8% 
4/27 (15%) 
733 (T) 
P=0.608N 
P=0.518N 

P=0.500N 

3/50 (6%) 
8.4% 
1/28 (4%) 
453 
P--0.113 
P=O.121 

P=0.121 

6/50 (12%) 
16.0% 
5/35 (14%) 
457 
P=0.541 
P=0.529 

P=0.529 

1/5o (2%) 
2.5% 
0/35 (0%) 
686 
P--0.505 
P=0.499 

P--0.500 
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TABLE F 3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  F e m a l e  M i c e  in  t h e  2-Year 
C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Skin (Subcutaneous Tissue): Fibrosarcoma or Sarcoma 
Overall rates 1/50 (2%) 2/51 (4%) 3/50 (6%) 1/50 (2%) 
Adjusted rates 3.0% 4.6% 8.4% 2.5% 
Terminal rates 1/33 (3%) 0/31 (0%) 1/28 (4%) 0/35 (0%) 
First incidence (days) 733 (T) 564 453 686 
Life table tests P=0.562N P=0.498 P=0.277 P=0.751N 
Logistic regression tests P=0.599 P=0.504 P=0.307 P=0.757N 
Ccchran-Armitage test P=0.583N 
Fisher enact test P=0.508 P=0.309 P=0.753N 

Thyroid Gland (Follicular Cell): Adenoma or Carcinoma 
Overall rates 2/50 (4%) 0/51 (0%) 0/50 (0%) 3/50 (6%) 
Adjusted rates 6.1% 0.0% 0.0% 8.2% 
Terminal rates 2/33 (6%) 0/31 (0%) 0/28 (0%) 2/35 (6%) 
First incidence (days) 733 (T) - - 704 
Life table tests P=0.276 P=0.252N P=0.275N P=0.531 
Logistic regression tests P=0.264 P=0.252N P=0.275N P=0.522 
Cochran-Annitage test P=0.248 
Fisher exact test P=0.243N P=0.2A7N P=0.500 

Uterus:  St romal  Polyp 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/33 (0%) 
First incidence (days) - 
Life table tests P=0.024 
Logistic regre~s~ion tests P=0.016 
Cochran-Annitage test P=0.020 
Fisher enact test 

0/51 (0%) 1/50 (2%) 3/50 (6%) 
0.0% 2.4% 7.3% 
0/31 (0%) 0/28 (0%) 1/35 0%) 
- 561 606 
- P=0.486 P=0.133 
- P=0.491 P=0.112 

P=0.500 P=0.121 

All Organs:  Hemangiosarcoma 
Overall rates 3/50 (6%) 
Adjusted rates 9.1% 
Terminal rates 3/33 (9%) 
First incidence (days) 733 (T) 
Life table tests P=0.100N 
Logistic regression tests P=0.092N 
Cochran-Armitage test P=0.104N 
Fisher exact test 

1/51 (2%) 2/50 (4%) 0/50 (0%) 
3.2% 6.5% 0.0% 
1/331 0%) 1/28 (4%) 0/35 (0%) 
733 (T) 730 - 
P=0.327N P=0.562N P=0.110N 
P=0.327N P=0.500N P=0.110N 

P=O.301N P=0.500N P=0.121N 

All Organs:  Hemangioma 
Overall rates 3/50 (6%) 0/51 (0%) 0/50 (0%) 2/50 (4%) 
Adjusted rates 9.1% 0.0% 0.0% 5.7% 
Terminal rates 3/33 (9%) 0/31 (0%) 0/28 (0%) 2/35 (6%) 
First incidence (days) 733 (T) - - 733 (T) 
Life table tests P=0.498N P=0.132N P=0.151N P=0.473N 
Logistic regression tests P=0.498N P=0.132N P=0.151N P=0.473N 
Cochran-Armitage test P=0.522N 
Fisher exact test P=0.118N P=0.121N P=0.500N 
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TASLE F3 
Stat is t ical  Analys is  of P r i m a r y  Neoplasms in  Female  Mice in  the 2-Year 
Ch lo r ina ted  W a t e r  Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

All Organs: Hemangioma or Hemangiosarcoma 
Overall rates 5/50 (10%) 1/51 (2%) 2/50 (4%) 2/50 (4%) 
Adjusted rates 15.2% 3.2% 6.5% 5.7% 
Terminal rates 5/33 (15%) 1/31 (3%) 1/28 (4%) 2/35 (6%) 
First incidence (days) 733 (T) 733 (T) 730 733 (T) 
Life table tests Pf0.201N Pffi0.116N Pffi0.278N Pf0.191N 
Logistic regression tests Pffi0.204N Pffi0.116N Pffi0.215N Pf0.191N 
Cochran-Armitage test Pffi0.219N 
Fisher exact test P~0.098N P--0.218N P=0.218N 

All Organs: Histiocytic Sarcoma or Malignant Lymphoma 
Overall rates 9/50 (18%) 15/51 (29%) 9/50 (18%) 7/50 (14%) 
Adjusted rates 23.2% 39.3% 26.5% 18.6% 
Terminal rates 5/33 (15%) 9/31 (29%) 5/28 (18%) 5/35 (14%) 
First incidence (days) 452 533 575 651 
Life table tests P=0.154N P=0.120 Pffi0.508 P--0.359N 
Logistic regression tests P=0.163N Pffi0.132 Pffi0.594 Pf0.381N 
Cochran-Armitage test P--0.175N 
Fisher exact test P=0.133 Pf0.602N Pf0.393N 

All Organs: Malignant Lymphoma (Lymphocytic or Mixed) 
Overall rates 9/50 (18%) 13/51 (25%) 8/50 (16%) 6/50 (12%) 
Adjusted rates 23.2% 35.0% 23.3% 15.9% 
Terminal rates 5/33 (15%) 8/31 (26%) 4/'28 (14%) 4/35 (11%) 
First incidence (days) 452 533 575 651 
Life table tests P=0.122N P=0.224 P=0.583N P=0.264N 
Logistic regression tests P=0.126N P-0.250 P=0.508N P=0.280N 
Cochran-Armitage test P=0.135N 
Fisher exact test P-0.252 P--0.500N P--0.288N 

All Organs: Benign Tumors 
Overall rates 26/50 (52%) 
Adjusted rates 69.8% 
Terminal rates 22/33 (67%) 
First incidence (days) 452 
Life table tests P=0.199 
Logistic regression tests P=0.115 
Cochran-Armitage test P=0.097 
Fisher exact test 

All Organs: Malignant Tumors 
Overall rates 23/50 (46%) 
Adjusted rates 54.2% 
Terminal rates 14/33 (42%) 
First incidence (days) 452 
Life table tests P=0.121N 
Logistic regression tests P=0.129N 
Cochran-Armitage test P=0.120N 
Fisher exact test 

27/51 (53%) 23/50 (46%) 33/50 (66%) 
70.6% 64.8% 76.5% 
20/31 (65%) 16/28 (57%) 25/35 (71%) 
552 561 457 
P~-0.405 P--0.558 P=0.201 
P~-0.527 P=0.392N P--0.132 

P---0.542 P=0.345N P=0.111 

30/51 (59%) 25/50 (50%) 19/50 (38%) 
65.8% 57.9% 43.4% 
16/31 (52%) 11f28 (39%) 11/35 (31%) 
211 268 480 
pffio.136 P=0.296 P=0.245N 
Pffi0.138 P=0.420 P=0.266N 

Pffi0.138 P=0.421 P=0.272N 
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TABLE F3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  F e m a l e  M i c e  in  t h e  2 - Y e a r  

C h l o r i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

All Organs:  Benign and Mal ignant  Tumors  
Overall rates 35/50 (70%) 43/51 (84%) 37/50 (74%) 39/50 (78%) 
Adjusted rates 83.1% 89.4% 83.6% 82.8% 
Terminal rates 26/33 (79%) 26/31 (84%) 21/28 (75%) 27/35 (77%) 
First incidence (days) 452 211 268 457 
Life table tests P=0.496N P=0.078 P=0.195 P=0.426 
Logistic regression tests P=0.394 P=0.068 P=0.375 P=0.293 
Cochran-Armitage test P=0.362 
Fisher exact test P=0.069 P=0.412 P=0.247 

ST)Terminal sacrifice 
Number of tumor-bearing animals/number of animals examined. Denominator is number of animals examined microscopically 
for adrenal gland, bone marrow, brain, clitoral gland, epididymis, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, 
ovary, pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, 
and urinary bladder, for other tissues, denominator is number of animals neeropsicd. 

b Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
¢ Observed incidence at terminal kill 
d Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dose group columns are the P values 

corresponding to pain,vise comparisons between the contrrols and that dose group. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these 
lesions as nonfatal. The Cochran-Armitage and Fisher Exact tests compare directly the overall incidence rates. For all tests, a 
negative trend or a lower incidence in a dose group is indicated by N. 

e Not applicable; no tumors in animal group 
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TABLE F4 
Histor ical  Inc idence  of Ute r ine  Neoplasms in  Un t rea ted  Female  B6C3F t Mice a 

Incidence in Controls 
Study Stromal Polyp Stromal Sarcoma Stromal Polyp or 

Stromal Sarcoma 

Historical Incidence at Southern Research Institute 

Feed 
Nitrofurantoin 2/50 (4%) 0/50 (0%) 2/50 (4%) 
Rhodamine 6(3 1150 (2%) 1/50 (2%) 2/50 (4%) 
Roxarsone 1/50 (2%) 0/50 (0%) 1/50 (2%) 

Total 4/150 (3%) 1/150 (1%) 5/150 (3%) 
Standard deviation 1.2% 1.2% 1.2% 
Range 2%-4% 0%-2% 2%-4% 

Water 
Chloramine 0/50 (0%) 0/50 (0%) o/50 (0%) 

Overall Historical Incidence 

Feed 

Total 14/570 (2%) 
Standard deviation 1.9% 
Range 0%-6% 

Water 

Total 2/130 (2%) 
Standard deviation 2.1% 
Range 0%-3% 

3/570 (1%) 
0,9% 

0%-2% 

0/130 (0%) 

17/570 0%) 
2.0% 

0%-6% 

2/130 (2%) 
2.1% 

0%-3% 

a Data as of 15 September 1990 
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TA~L~ F5 
S u m m a r y  of the  Inc idence  of Nonneoplas t ic  Lesions in  F e m a l e  M i c e  
in  the  2-Year Ch lo r ina ted  Wa te r  Study 

0 ppm 70 ppm 140 ppm 275 ppm 

Disposition Summary 
Animals initially in study 
15-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 
Accidental death 

Sun, ivors 
Terminal sacrifice 
Died last week of study 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
10 9 10 10 

3 6 3 3 
13 14 19 12 

1 0 0 0 

33 31 27 35 
0 0 1 0 

50 51 50 50 

Alimentary System 
Gallbladder 

cyst 
Dilatation 
Hyperplasia, lymphoid 
Necrosis 

Intestine large, cecum 
Edema 

Intestine large, rectum 
Erosion 

Intestine small, duodenum 
Erosion 
Ulcer 

Intestine small, ileum 
Artery, jejunum, necrosis, fibrinoid 

Liver 
Angiectasis 
Basophilie focus 
Gear cell focus 
Eosinophili¢ focus 
Hematopoieti¢ cell proliferation 
Hemorrhage 
Hyperplasla, focal 
Hyperplasia, lymphoid 
Inflammation, chronic 
Inflammation, subacute 
Mineralization 
Mixed cell focus 
Artery, necrosis, fibrinoid 
Centdlobular, necrosis 
Hepatocyte, cytomegaly 
Hepatocyte, karyomegaly 
Hepatocyte, nuclear alteration 
Hepatocyte, vacuolization cytoplasmic 
Kupffer ceil, hyperplasia 
Kupffer cell, pigmentation 
Lobules, necrosis 

(47) (49) 
3 (6%) 1 (2%) 

1 (2%) 

(47) (51) 
2 (4%) 

(47) (50) 
1 (2%) 

(48) (51) 
i (2%) 

(48) (51) 
1 (2%) 

(50) (51) 
i (2%) 

2 (4%) 2 (4%) 
1 (2%) 4 (8%) 

1 (2%) 
5 (10%) 2 (4%) 

12 (24%) 11 (22%) 
6 (12%) 3 (6%) 

2 (4%) 9 (18%) 
1 (2%) 
1 (2%) 1 (2%) 
1 (2%) 

1 (2%) 

i (2%) 

2 (4%) 1 (2%) 
I (2%) s (10%) 
i (2%) 2 (4%) 
6 (12%) 3 (6%) 

(48) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

(50) 
a (6%) 

(5o) 

(50) 

1 (2%) 
(49) 

(50) 

2 (4%) 
4 (8%) 

5 (10%) 
1 (2%) 
4 (8%) 

(8%) 

(2%) 

(12%) 
(6%) 

(16%) 

(50) 
I 

(49) 

(49) 

(50) 

(47) 

(50) 
1 
4 
4 

1 
1 

12 
7 
1 
4 
1 

(2%) 

(2%) 
(8%) 
(8%) 

(2%) 
(2%) 
(~%) 
(14%) 
(2%) 
(8%) 
(2%) 

(2%) 
(4%) 
(2%) 
(6%) 
(6%) 
(2%) 
(14%) 
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TABLE F$ 
S u m m a r y  of  the  Incidence  of  Nonneoplas t ic  Lesions In F e m a l e  Mice 
in the 2-Year Chlor ina ted  Wate r  S tudy (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Alimentary System (continued) 
Mesentery (17) (10) (12) 

Edema 1 (6%) 
Artery, necrmis, fibrinoid 1 (6%) 
Fat, inflammation, suppurative 1 (6%) 
Fat, necrosis 14 (82%) 7 (70%) 7 

Pancreas (50) (50) (49) 
Atrophy 3 (6%) 1 (2%) 1 
Cyst 1 (2%) 1 
Cytoplasmic alteration 2 (4%) 5 (10%) 7 
Focal cellular change 1 (2%) 1 
Hyperplasia, lymphoid 8 (16%) 6 (12%) 4 
Inflammation, chronic active 1 
Inflammation, subacute 1 (2%) 

Salivary glands (49) (51) (50) 
Hyperplasia, lymphoid 18 (37%) 11 (22%) 9 
Acinus, hyperplasia, cystic 1 (2%) 

Stomach, fore~tomach (50) (51) (50) 
Cyst 1 (2%) 
Diverticulum 1 (2%) 
Edema i (2%) 1 
Erosion 
Inflammation, suppurative 1 (2%) 2 
Ulcer 1 (2%) 1 
Muco~a, hyperplasia 2 (4%) 1 (2%) 6 

Stomach, glandular (50) (51) (50) 
Cyst 7 (14%) 13 (25%) 9 
Edema 2 (4%) 1 
Erosion 1 (2%) 2 (4%) 1 
Inflammation, subacute 2 (4%) 1 
Metaplasla, squamous 2 
Mineralization 1 (2%) 
Ulcer 1 (2%) 
Mucesa, hyperplasia 1 (2%) 

(58%) 

(2%) 
(2%) 
(14%) 
(2%) 
(8%) 
(2%) 

(18%) 

(2%) 

(4%) 
(2%) 
(12%) 

(18%) 
(2%) 
(2%) 
(2%) 
(4%) 

(s) 

6 
(50) 

3 

3 
1 
4 

(50) 
17 

(50) 

1 

1 
1 

2 
(50) 

5 

2 
2 

(75%) 

(6%) 

(6%) 
(2%) 
(8%) 

(34%) 

(2%) 

(2%) 
(2%) 

(4%) 

(lO%) 

(4%) 
(4%) 

Cardiovascular System 
Blood vessel (2) 

Hypertrophy 
Necrosis, fibrinoid 1 
Thrombas 1 

Heart (50) 
Myocardium, fibrosis 
Myocardium, inflammation, subacute 1 
Myocardium, mineralization 1 

(i) 

(50%) 
(50%) 

(51) 

(2%) 
(2%) 1 (2%) 

(50) 
2 (4%) 

(1) 
1 

(50) 

(100%) 

(2%) 
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TABLE F5 
Summary of  the Incidence of Nonneoplastic Lesions in Female Mice 
in the 2-Year Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Endocrine System 
Adrenal gland, cortex (50) (51) (50) (50) 

Accessory adrenalcortical nodule 10 (20%) 18 (35%) 8 (16%) 11 (22%) 
Basophilic focus 3 (6%) 
Clear cell focus 1 (2%) 2 (4%) 
cyst 1 (2%) 1 (2%) 
Developmental malformation 1 (2%) 
Hematopoietic cell proliferation 2 (4%) 
Hyperplasia, focal 2 (4%) 4 (8%) 5 (10%) 3 (6%) 
Necrosis 1 (2%) 
Ca~ule, hyperplasia 2 (4%) 3 (6%) 
X-zone, degeneration, fatty 1 (2%) 1 (2%) 

Adrenal gland, medulla (50) (51) (50) (50) 
Hyperplasia 1 (2%) 3 (6%) 3 (6%) 

Islets, pancreatic (50) (50) (49) (50) 
Hyperplasia 3 (6%) 5 (10%) S (16%) 8 (16%) 
Hyperplasia, lymphoid 1 (2%) 

Parathyroid gland (47) (50) (48) (48) 
Cyst 4 (8%) 1 (2%) 
Hyperplasia 1 (2%) 

Pituitary gland (48) (50) (48) (50) 
Pars distalis, angiectasis 3 (6%) 2 (4%) 2 (4%) 2 (4%) 
Pars distalis, hyperplasia 8 (17%) 7 (14%) 9 (19%) 7 (14%) 

Thyroid gland (50) (51) (50) (50) 
Degeneration, cystic 24 (48%) 26 (51%) 25 (50%) 27 (54%) 
Hyperplasia, lymphoid 3 (6%) 
Inflammation, subacute 2 (4%) 2 (4%) I (2%) 2 (4%) 
Follicle, cyst 3 (6%) 1 (2%) 3 (6%) 
Follicular cell, hyperplasia 12 (24%) 17 (33%) 8 (16%) 14 (28%) 

General Body System 
None 

Genital System 
Clitoral gland 

Ectasia 
Ovary (46) 

Angiectasis 11 (24%) 
Cyst 12 (26%) 
Hemorrhage 
nyperpiasia 1 (2%) 
Artery, necrosis, fibrinoid 1 (2%) 
Interstitial cell, hyperplasia 

Uterus (50) 
Angiectasis 5 (I0%) 
Hydrometra 18 (36%) 
Hyperplasia, cystic 49 (98%) 
Hyperplasia, histiocyte 
Hyperp~ia, b/mphoid 1 (2%) 
Inflammation, suppurative I (2%) 
Metaplasla, squamous I (2%) 
Myometrium, fibrosis 

(2) (2) 
2 (I00%) 2 (I00%) 

(46) (48) (46) 
15 (33%) 10 (21%) 7 (15%) 
14 (30%) 16 (33%) 15 (33%) 

1 (2%) 
2 (4%) 

1 (2%) 1 (2%) 
(50) (50) (50) 

4 (8%) 7 (14%) 3 (6%) 
18 (36%) 22 (44%) 21 (42%) 
49 (98%) 46 (92%) 48 (96%) 
i (2%) 
3 (6%) 2 (4%) 1 (2%) 

4 (8%) 2 (4%) 
1 (2%) 3 (6%) 3 (6%) 

1 (2%) 
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TABLE F$ 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice 
in the 2-Year Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Hematopoietic System 
Bone marrow 

Angieetasis 
Hypercellularily 
Myelofibrosis 

Lymph node 
Artery, necrosis, fibrinoid 
Iliac, angieetasis 
Iliac, hematopoietic cell proliferation 
Iiiac, hemorrhage 
Iliac, hyperplasia, plasma cell 
Iliac, lymphatic, dilatation 
Mediastinal, hematopoietic cell proliferation 
Renal, hematopoietic cell proliferation 
Renal, hyperplasia, plasma cell 

Lymph node, mandibular 
Hematopoietic cell proliferation 
Hyperplasia, lymphoid 
Hyperplasia, plasma cell 

Lymph node, mesenteric 
Hematopoietic cell proliferation 
Hemorrhage 
Hyperp~ia, b/mphoid 
Hyperplasia, plasma cell 
Lymphatic, dilatation 

Spleen 
Angieetasis 
Congestion 
Hematopoietic cell proliferation 
Hemorrhage 
Necrosis 
Pigmentation, hemo~iderin 
Lymphoid follicle, atrophy 
Lymphoid follicle, hyperplasia 
Red pulp, hyperplasia 

Thymus 
Angiectasis 
Cyst 
Depletion 
Ectopic parathyroid gland 
Hyperplasia, lymphoid 
Artery, necrosis, fibrinoid 
Epithelial cell, hyperplasia 

(5o) 

7 (14%) 

(5o) 
1 (2%) 
2 (4%) 

2 (4%) 

I (2%) 
(46) 

5 (11%) 

(49) 
2 (4%) 
2 (4%) 
4 (8%) 
2 (4%) 

(49) 

21 (43%) 
I (2%) 
1 (2%) 
s (lO%) 
1 (2%) 
4 (8%) 
3 (6%) 

(48) 
3 (6%) 
7 (15%) 
3 (6%) 
1 (2%) 
3 (6%) 
1 (2%) 

(51) (50) (5o) 
1 (2%) 

5 (10%) 9 (18%) 6 (12%) 
1 (2%) 

(51) (50) (50) 

(49) 

4 (8%) 
1 (2%) 

(47) 
1 (2%) 
4 (9%) 
2 (4%) 
I (2%) 
2 (4%) 

(51) 

1 (2%) 
17 (33%) 
I (2%) 

3 (6%) 
1 (2%) 
6 (12%) 
2 (4%) 

(49) 
1 (2%) 
5 (10%) 

lO (2o%) 

1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

(5o) 
1 
2 
1 

(4S) 
3 
5 
1 

(49) 

19 

1 
6 
2 

(46) 
5 
6 
9 

(2%) 
(4%) 
(2%) 

(6%) 
(10%) 
(2%) 

(39%) 

(2%) 
(12%) 
(4%) 

(11%) 
(13%) 
(2o%) 

I (2%) 

1 
1 

(49) 

1 

Os) 
1 
1 
1 

(5o) 
1 
2 

22 

4 
4 
5 
3 

(45) 
2 
6 
4 

(2%) 
(2%) 

(2%) 

(2%) 
(2%) 
(2%) 

(2%) 
(4%) 
(44%) 

(8%) 
(8%) 
(10%) 
(6%) 

(4%) 
(13%) 
(9%) 

(2%) 

Integumentary System 
Mammary gland 

Hyperplasia, cystic 
Skin 

Acanthosis 
Exudate 
Inflammation, chronic 
Ulcer 
Subcutaneous tissue, edema 

(49) 

(50) 
1 

2 

(2%) 

(4%) 

(50) 
3 

(51) 
3 
1 
4 
1 
3 

(6%) 

(6%) 
(2%) 
(8%) 
(2%) 
(6%) 

(50) 
4 

(50) 
(8%) 

(50) 
2 

(50) 
1 

(4%) 

(2%) 

(2%) 
(2%) 
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TABLE F$ 
Summary of  the Incidence of  Nonneoplast ic  Lesions in Female Mice 
in the 2-Year Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Musculoskeletal System 
Bone 

Fibrous osteodystrophy 
Hyperostosis 

(50) (51) (50) (50) 
1 (2%) 
6 (12%) 7 (14%) 6 (12%) 7 (14%) 

Nervous System 
Brain 

Compression 
Cyst 
Hemorrhage 
Hydrocephalus 
Inflammation, chronic 
Necrosis 
Thalamus, mineralization 

(49) (51) (50) (50) 
1 (2%) 

1 (2%) 
1 (2%) 1 (2%) 
1 (2%) 1 (2%) 

1 (2%) 1 (2%) 
2 (4%) 

41 (84%) 45 (88%) 44 (88%) 26 (52%) 

Respiratory System 
Lung 

Congestion 
Edema 
Fibrosis 
Hemorrhage 
Hyperplasia, lymphoid 
Infiltration cellular, histiocytic 
Leukocytosis 
Thrombus 
Alveolar epithelium, hyperplasia 

None 
Exudate 
Glands, hyperplasia, cystic 

Trachea 
Inflammation, suppurative 

(50) (51) (50) (50) 
2 (4%) 3 (6%) 2 (4%) 3 (6%) 
1 (2%) 

2 (4%) 
2 (4%) 4 (8%) 2 (4%) 5 (10%) 

10 (20%) 9 (18%) 15 (30%) 13 (26%) 
3 (6%) 7 (14%) 5 (10%) 7 (14%) 

1 (2%) 
1 (2%) 1 (2%) 

1 (2%) I (2%) 1 (2%) 2 (4%) 
(50) (51) (50) (50) 

3 (6%) 5 (10%) 3 (6%) 5 (10%) 
5 (10%) 7 (14%) 6 (12%) 5 (10%) 

(50) (51) (49) (50) 
1 (2%) 

Special Senses System 
Eye 

Cataract 
Cornea, inflammation, chronic 
Retina, atrophy 

Harderian gland 
Cyst 
Hyperplasla 
Hyperplasia, focal 

(1) (2) 
1 (100%) 1 (50%) 
1 000%) 

1 (50%) 
(1) (3) (4) (7) 

1 (25%) 
1 (14%) 

2 (67%) 1 (25%) 3 (43%) 
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TAmJ~ F5 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice 
in the 2-Year Chlorinated Water Study (continued) 

0 ppm 70 ppm 140 ppm 275 ppm 

Urinary System 
Kidney (50) (51) (50) (50) 

Casts protein 12 (24%) 10 (20%) 8 (16%) 7 (14%) 
Cyst 6 (12%) 5 (10%) 
Glomerulosclerosis 2 (4%) 3 (6%) 2 (4%) 
Hemorrhage 1 (2%) 1 (2%) 1 (2%) 
Hydronephrosis 3 (6%) 2 (4%) 1 (2%) 
Hyperplasia, lymphoid 21 (42%) 15 (29%) 15 (30%) 18 (36%) 
Inflammation, suppurative 1 (2%) 
Metaplasla, osseous 1 (2%) 2 (4%) 2 (4%) 2 (4%) 
Mineralization 22 (44%) 6 (12%) 13 (26%) 13 (26%) 
Interstitium, pigmentation 1 (2%) 2 (4%) 1 (2%) 
Papilla, necrosis 1 (2%) 1 (2%) 
Renal tubule, atrophy 4 (8%) 4 (8%) 7 (14%) 10 (20%) 
Renal tubule, cytoplasmic alteration 1 (2%) 1 (2%) 
Renal tubule, dilatation 5 (10%) 3 (6%) 4 (8%) 1 (2%) 
Renal tubule, necrosis 1 (2%) 2 (4%) 
Renal tubule, pigmentation 1 (2%) 2 (4%) 
Renal tubule, regeneration 34 (68%) 34 (67%) 32 (64%) 27 (54%) 
Transitional epithelium, hyperplasia 2 (4%) 1 (2%) 

Ureter (1) 
Dilatation 1 (100%) 
Inflammation, suppurative 1 (100%) 

Urinary bladder (49) (50) (49) (50) 
Dilatation 1 (2%) 1 (2%) 
Edema 1 (2%) 1 (2%) 
Hyperplasia, lymphoid 23 (47%) 18 (36%) 23 (47%) 18 (36%) 
Inflammation, chronic 1 (2%) 
Inflammation, subacute 2 (4%) 
Mucosa, hyperplasia 2 (4%) 
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TABLE GI 
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year 
Chloraminated Water Study 

0 ppm ~0 ppm 100 ppm 200 ppm 

Disposition Summary 
Animals initially in study 
15-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 

Survivors 
Terminal sacrifice 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
10 10 10 9 

4 3 3 4 
12 24 13 10 

34 23 34 37 

50 50 50 51 

Alimentary System 
Gallbladder (44) (50) (48) (50) 

Papilloma 1 (2%) 
Intestine small, ileum (48) (49) (48) (49) 

Carcinoma 1 (2%) 1 (2%) 
Intestine small, jejunum (49) (50) (50) (48) 

Carcinoma 2 (4%) 3 (6%) 2 
Hemangiosarcoma 1 (2%) 

Liver (50) (50) (50) (51) 
Hemangioma 1 (2%) 
Hemangiosarcoma 1 (2%) 1 (2%) 4 (8%) 2 
Hepatoblastoma 1 (2%) 1 
Hepatocellularcarcinoma 9 (18%) 13 (26%) 14 (28%) 10 
Hepatocellular cardnoma, two, multiple 2 (4%) 2 (4%) 1 (2%) 1 
Hepatocellular carcinoma, 

three, multiple 1 (2%) 
Hepatocellularadenoma 8 (16%) 15 (30%) 14 (28%) 11 
Hepatocellular adenoma, two, multiple 10 (20%) 10 (20%) 1 (2%) 6 
Hepatocellular adenoma, 

three, multiple 9 (18%) 7 (14%) 5 (10%) 1 
Hepatocellular adenoma, 

four, multiple 2 (4%) 2 (4%) 1 (2%) 1 
Hepatocellular adenoma, 

five, multiple 1 (2%) 
Hepatocellular adenoma, greater 

than five, multiple 1 (2%) 1 (2%) 
Sarcoma 1 (2%) 

Mesentety (7) (6) (2) (3) 
AIveolar/bronchiolar carcinoma, 

metastatic, lung 1 (17%) 
Fibrosarcoma, metastatic, 

skeletal muscle 1 (14%) 
Hemangioma 1 (17%) 
Hepatoblastoma, metastatic, liver 1 (14%) 

Salivary glands (50) (50) (50) (51) 
Sarcoma 1 (2%) 

(4%) 

(4%) 
(2%) 
(20%) 
(2%) 

(22%) 
(12%) 

(2%) 

(2%) 
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TABLI~ G1 
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year 
Chloraminated Water Study (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

Alimentary System (continued) 
Stomach, forestomach 

Hepatoblastoma, metastatic, liver 
Papilloma squamous 

Stomach, glandular 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 

(50) (48) (50) (51) 
1 (2%) 
1 (2%) 

(50) (48) (5O) (51) 

1 (2%) 

Cardiovascular System 
Heart (50) (50) (50) 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 1 

Hemangiosarcoma 1 (2%) 
Sarcoma 1 (2%) 

(2%) 

(51) 

Endocrine System 
Adrenal gland, cortex 

Hepatoblastoma, metastatic, 
liver 

Capsule, adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Thyroid gland 

Follicular cell, adenoma 

(50) (50) (50) 

I (2%) 
5 (10%) 4 (8%) 4 

(49) (50) (50) 
1 (2%) 1 

(50) (50) (50) 
1 (2%) 1 

(50) (49) (49) 
1 (2%) 2 (4%) 1 

(8%) 

(2%) 

(2%) 

(2%) 

(51) 

1 
(51) 

1 
(51) 

(5O) 
3 

(2%) 

(2%) 

(6%) 

General Body System 
Tissue NOS (1) 

Genital System 
Epididymis 
Textex . 

Hemangloma 
Interstitial cell, adenoma 

(50) (50) (50) 
(50) (5o) (50) 

1 (2%) 
1 (2%) 1 (2%) 2 (4%) 

(51) 
(51) 

Hematopoietic System 
Bone marrow 

Hemangiosarcoma 
Lymph node 

Inguinal, renal, popliteal, sarcoma 
Mediastinal, alvcolar/bronchiolar 

carcinoma, metastatic, lung 
Mediastinal, hepatoblastoma, 

metastatic, liver 
Mediastinal, hepatocellular carcinoma, 

metastatic, liver 

(5o) 
I (2%) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 

(50) (50) 
1 (2%) 1 

(50) (50) 
(2%) 

1 (2%) 1 (2%) 

(51) 

(51) 

(2%) 
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TABLE G I  
Summary  of the Incidence of Neoplasms in Male Mice in the 2-Year 
Chloraminated Water  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Hematopoietic System (continued) 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemangioma 
Hcmangio~arcoma 
Hcpatoblastoma, metastatic, liver 

Thymus 
Hcmangioma 

(49) 
(46) 
(50) 

1 
3 
1 

(47) 
1 

(2%) 
(6%) 
(2%) 

(2%) 

(46) (50) (48) 
(50) (50) (50) 
(50) (50) (51) 

1 (2%) 

(41) (46) (48) 

Integumentary System 
Skin 

Neoplasm NOS 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemangiosarcoma 
Subcutaneous tissue, lipoma 

(50) (50) (50) 
1 (2%) 

1 (2%) 1 (2%) 
1 (2%) 

(51) 

I (2%) 

Musculoskeletal System 
Skeletal muscle 

Fibrosarcoma 
Hemangio~arcoma 
Hepatoblastoma, metastatic, liver 
Sarcoma 

(3) 
1 

1 
1 

(33%) 

(33%) 
(33%) 

(1) 

1 (100%) 

Nervous System 
None 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, 

two, multiple 
Alveolarporonchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

two, multiple 
Fibrosarcoma, metastatic, 

skeletal muscle 
Hepatoblastoma, metastatic, liver 
Hepatocellular carcinoma, 

metastatic, liver 
Sarcoma 
Mediastinum, hemangioma 

(5o) 
14 

1 
8 

1 
1 

3 
1 
1 

(28%) 

(2%) 
(16%) 

(2%) 
(2%) 

(6%) 
(2%) 
(2%) 

(50) 
9 

(50) 
(18%) 10 (20%) 

(2%) 1 (2%) 
(14%) 7 (14%) 

(4%) 

(6%) 

(2%) 

2 (4%) 

(51) 
4 (8%) 

(6%) 

(4%) 

Special Senses System 
Harderian gland 

Adenoma 
O) O) (1) 

3 (lOO%) 1 (lOO%) 1 0o0%) 5 (83%) 
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TABLE G I  

Summary of  the Incidence of Neoplasms in Male Mice in  t h e  2-Year 
C h i o r a m i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Urinary System 
Kidney 

Hepatoblastoma, metastatic, liver 
Hepatocellular carcinoma, 

metastatic, liver 
Sarcoma 
Renal tubule, adenoma 

(50) (50) (50) (51) 
I (2%) 

I (2%) 
I (2%) 

2 (4%) 

Systemic Lesions 
Multiple organs a 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

(5o) (50) (5o) (51) 
2 (4%) 
3 (6%) 3 (6%) 2 (4%) 

Tumor Summary  
Total animals with primary neoplasms b 

Total primary neoplasms 
Total animals with benign neoplasms 

Total benign neoplasms 
Total animals with malignant neoplasms 

Total malignant neoplasms 
Total animals with secondary neoplasms c 

Total secondary neoplasms 
Total animals with neoplasms uncertain- 
Benign or malignant 

Total uncertain neoplasms 

42 49 41 37 
95 95 81 58 
39 38 32 27 
60 58 45 35 
22 28 28 19 
35 37 35 23 

4 4 3 2 
14 6 4 4 

a The number in parentheses is the number of animals with any tissue examined microscopically. 
b Primary tumors: all tumors except metastatic tumors 
c Secondary tumors: metastatic tumors or tumors invasive to an adjacent organ 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  in  t h e  2 - Y e a r  
C h i o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  

Number  o f  Days  on Study 
5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

4 5 5 5 7 2 5 6 7 8 9 9 2 3 3 3 3 3 3 3 3 3 3 3 3  

1 1 8 9 9 5 7 1 1 1 1 1 7 0 0 1 3 3 3 3 3 3 3 3 3  

C a r c a s s  I D  N u m b e r  

0 0 0 0 5 0 5 5 5 5 0 5 0 5 5 5 0 0 0 0 0 5 5 5 5  
0 2 0 2 3 0 4 2 3 2 1 2 1 4 4 3 0 0 0 0 0 2 2 3 3  

3 0 7 3 3 9 0 6 2 8 3 3 9 2 3 5 1 2 4 5 6 7 9 0 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 1  

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 

Carcinoma 
Intestine small, jejunum 
Liver 

Hemangiosarcoma 
Hepatoblastoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, two, 

multiple 
Hepatocei lular  carcinoma, 

three, multiple 
Hepatocel lular  adenoma 
Hepatocci lular  adenoma, two, 

multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Hepatocel lular  adenoma, 

greater  than five, multiple 
Sarcoma 

Mesentery 
Fibrosarcoma, metastatic, 

skeletal muscle 
Hepatoblastoma, metastatic, 

liver 
Pancreas 
Salivary glands 

Sarcoma 
Stomach 
Stomach, forestomach 

Hepatoblastoma, metastatic, 
liver 

Papilloma squamous 
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + M + + + + + + + + + + + + + + + + M + M +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + M +  
+ + + + + + + + + + + + + + + + + + + + + M +  + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + A +  + + + + + + + + + + + + + + + + + 

+ + + + + + A +  + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ +  + + +  + + + +  

+:  Tissue examined microscopically M: Missing tissue X: Lesion present 
A: Autolysis precludes examination I: Insufficient tissue Blank: Hot examined 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 8 8 8 8  

C a r c a s s  ID  N u m b e r  

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  
2 2 0 1 1 1 1 1 1 1 1 2 2 3 3 3 3 4 4 3 4 2 2 2 2  T o ~ l  

1 2 8 0 1 2 4 5 6 7 8 4 5 4 6 7 8 4 5 9 1 1 2 4 5  T i ~ u ~  
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  T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 

Carcinoma 
Intestine small, je junum 
Liver 

Hemanglosarcoma 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, two, 

multiple 
Hepatocellular carcinoma, 

three, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma,  two, 

multiple 
Hepatocellular adenoma,  

three, multiple 
Hepatocellular adenoma,  

four, multiple 
Hepatocellular adenoma,  

greater  than five, multiple 
Sarcoma 

Mesentery 
Fibrosarcoma, metastatic, 

skeletal muscle 
Hepatoblastoma, metastatic, 

liver 
Pancreas 
Saliva W glands 

Sarcoma 
Stomach 
Stomach, forestomach 

Hepatoblastoma, metastatic, 
liver 

Papilloma squamous  
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + M + + + + + + + + + M + + + + + M + + + +  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + +  + + + + + + +  + + + +  + + + + + + + + + + + 49 
+ + +  + + + + + +  + + + + + + + + +  + + + + +  + + 49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + + + +  + + + + + +  + + + + M +  + + + + + +  49 
+ + + + + + M + + + + + + + + + + + + + + + + + +  ~ 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + +  + + + + + +  + + + + +  + + +  + + + + + +  + + 50 

X 1 
1 

X X 9 

X 2 

1 
X X X X X  8 

X X X X X 10 

X X X 9 

X X 2 

X 

+ + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + ÷ + + + ÷ + + ÷ + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + ÷ + ÷ + + + + + + ÷ + ÷ + + + + + + + ÷ + ÷ + 

+÷ ÷ + + + ÷ + 

1 
50 

50 

1 
50 

50. 

1 
1 

50 
17 
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TASLE G2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year 
Chioraminated Water Study: 0 ppm (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

4 5 5 5 7 2 5 6 7 8 9 9 2 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 8 9 9 5 7 1 1 1 1 1 7 0 0 1 3 3 3 3 3 3 3 3 3  

C a r c a s s  ID  N u m b e r  

0 0 0 0 5 0 5 5 5 5 0 5 0 5 5 5 0 0 0 0 0 5 5 5 5  
0 2 0 2 3 0 4 2 3 2 1 2 1 4 4 3 0 0 0 0 0 2 2 3 3  

3 0 7 3 3 9 0 6 2 8 3 3 9 2 3 5 1 2 4 5 6 7 9 0 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 1  

C a r d i o v a s c u l a r  System 
Heart  

Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Hepatoblastoma, metastatic, 
liver 

Capsule, adenoma 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ M +  + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

G e n e r a l  B o d y  S y s t e m  
Hone 

G e n i t a l  S y s t e m  
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ + + + +  
+ + +  + + +  + + +  + + + + +  + + + + + + + + + + + 

+ + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

Hematopoietic System 
Bone marrow 

Hemanglosarcoma 
Lymph node 

Inguinal, renal, popliteal, 
$ a r ~ 3 m a  

Mediastinal, hepatoblastoma, 
metastatic, liver 

Mediastinal, hepatocellular 
carcinoma, metastatic, liver X 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemangloma 
Hemanglosarcoma 
Hepatoblastoma, metastatic, 

liver 
Thymus 

Hemangioma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

X 

X 
+ + + + + + + + + + M +  + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ A + + + + + + + + + + + + + + + + M + +  + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 8 8 8 8  

C a r c a s s  I D  N u m b e r  

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  
2 2 0 1 1 1 1 1 1 1 1 2 2 3 3 3  3 4 4 3 4  2 2 2 2  T o n i  

1 2 8 0 1 2 4 5 6 7 8 4 5  4 6 7 8 4 5  9 1 1 2 4 5  T i m u ~  

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  T u m o ~  

C a r d i o v a s c u l a r  Sys t em  
Heart 

Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 

Hepatoblastoma, metastatic, 
liver 

Capsule, adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular c¢11, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 
X X  X X 5 

+ + + + + +  + + + + +  + + + + + M +  + + +  + + + + 49 
X 1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + M M + + + + + +  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 

Gene ra l  Body Sys t em  
None 

(~enital Sys t em 
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ + + 8 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ I + 4 
+ + + + + + + + + + + + + + + + + + + + + + + + +  50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  50 

1 
H e m a t o p o i e U c  Sys t em  
Bone marrow 

Hcmangiosarcoma 
Lymph node 

Inguinal, renal, popliteal, 
sarcoma 

Mediastinal, hepatoblastoma, 
metastatic, liver 

Mediastinal, hepatoccllular 
carcinoma, metastatic, liver 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemangloma 
Hemanglosarcoma 
Hepatoblastoma, metastatic, 

liver 
Thymus 

Hemangloma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

+ + +  + + +  + + + +  + + + + + + + + + + + + + + + 50 

+ + + + + + + + + + + + + + + + + + + + + + M +  + 
+ + M +  + + + + + + M +  + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

XX X 

1 
49 
46 
50 
1 
3 

1 
+ + + + + + ~ + + + + + + + + + + + ~ + + + + + +  47 

X 1 
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TABLE G 2  
Individual Animal Tumor  Pathology of  Male Mice in the 2-Year 
Chioramlnated Water Study: 0 ppm (continued) 

Number of Days on Study 
5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

4 5 5 5 7 2 5 6 7 8 9 9 2 3 3 3 3 3 3 3 3 3 3 3 3  
1 1 8 9 9 5 7 1 1 1 1 1 7 0 0 1 3 3 3 3 3 3 3 3 3  

C a r c a s s  I D  N u m b e r  

0 0 0 0 5 0 5 5 5 5 0 5 0 5 5 5 0 0 0 0 0 5 5 5 5  
0 2 0 2 3 0 4 2 3 2 1 2 1 4 4 3 0 0 0 0 0 2 2 3 3  

3 0 7 3 3 9 0 6 2 8 3 3 9 2 3 5 1 2 4 5 6 7 9 0 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 1  

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Skin 

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 u s c u l o s k e l e t a l  S y s t e m  
Bone 
Skeletal muscle 

Fibr~sarcoma 
Hepatoblastoma, metastatic, 

liver 
Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + 

X 

X 
X 

Nervous System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  

Lung 
Alvcolar/bronchiglar adenoma X X X 
Alveolar/bronchiolar adenoma, 

two, multiple 
Alveolarforonchiolar carcinoma 
Fibrosarcoma, metastatic, 

skeletal muscle X 
Hepatoblastoma,  metastatic, 

liver 
Hepatocel lular  carcinoma, 

metastatic, liver X X X 
Sarcoma 
Mediastinum, hemangioma 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X  X 

X X X X 

X 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

S p e c i a l  S e n s e s  S y s t e m  
Harderian gland 

Adenoma 

U r i n a r y  S y s t e m  
Kidney 

Hepatoblastoma, metastatic, 
liver 

Sarcoma 
Urinary bladder  

+ + + + + + + + + + + + + ~ + + + + + + + + + + + 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

S y s t e m i c  L e s i o n s  

Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m l n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  Days  o n  S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 8 8 8 8  

C a r c a s s  ID  N u m b e r  

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  
2 2 0 1 1 1 1 1 1 1 1 2  2 3  3 3 3 4 4 3 4 2 2 2 2 T o ~ !  

1 2  8 0 1  2 4 5  6 7  8 4 5  4 6 7  8 4 5  9 1 1  2 4 5 T ~ u ~  

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  T u m o ~  

I n t e g u m e n t a r y  Sys t em  
Mammary gland 
Skin 

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  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Muscu loske l e t a l  Sys t em  
Bone 
Skeletal muscle 

Fibrosarcoma 
Hepatoblastoma, metastatic, 

liver 
Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
3 
1 

N e r v o u s  Sys t em 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  S y s t e m  
Lung 

Aiveolar/bronchiolar adenoma 
Alvcolar/bronchiolar adenoma, 

two, multiple 
Aiveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic, 

skeletal muscle 
Hepatoblastoma, metastatic, 

liver 
Hepatocellular carcinoma, 

metastatic, liver 
Sarcoma 
Mediastinum, hemangioma 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X  X X  X X 14 

X 1 
X X X X 8 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

3 
1 
1 

50 
50 

Special  S e n s e s  S y s t e m  
Harderian gland 

Adenoma 
+ + + 3 
X X X 3 

U r i n a r y  S y s t e m  
Kidney 

Hepatoblastoma; metastatic, 
liver 

Sarcoma 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

, 1 
1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Sys temic  Les ions  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  50 ppm 

Number of Days on Study 
4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

9 5 5 5 6 3 3 5 7 8 8 8 9 9 9 9 9 0 2 2 2 2 3 3 3  

0 8 9 9 5 1 6 2 5 1 6 6 1 1 8 8 8 2 6 7 7 8 1 2 2  

Carcass ID Number 

1 1 1 1 6 6 6 1 6 6 1 1 6 6 1 1 1 6 1 1 1 1 6 6 6  
1 2 0 0 4 4 3 2 3 4 2 2 2 4 0 2 2 2 1 1 1 1 4 2 3  

6 0 7 8 6 2 0 9 1 8 4 7 6 0 6 6 8 8 5 0 7 4 1 7 2  
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  

A l i m e n t a r y  System 
Esophagus 
Gallbladder 

Papilloma 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Carcinoma 
Intestine small, je junum 

Carcinoma 
Hemanglosarcoma 

Liver 

Hemangloma 
Hemanglosarcoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, two, 

multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, two, 

multiple 
Hepatocel lular  adenoma, three, 

multiple 
Hepatoeel lular  adenoma, four, 

multiple 
Mesentery 

Alvcolar/bronchiolar carcinoma, 
metastatic, lung 

Hemangloma 
Pancreas 
Salivary glands 

Stomach 
Stomach, fore~tomach 
Stomach, glandular 

Aivcolar/bronchiolar carcinoma, 
metastatic, lung 

Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + 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 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + ' +  + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + 

C a r d i o v a s c u l a r  S y s t e m  

Blood vessel 
Heart  

I-Iemanglo~arcoma X 
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T A m J ~  G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  5 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 2 3 3 3 4 4 4 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 8  

C a r c a s s  ID  N u m b e r  

6 6 6 6 6 1 1 1 1 1 1 1 1 1 6 6 6 6 6 6 1 1 6 6 6  

4 4 4 4 4 1 1 2 2 2 1 1 3 2 3 3 3 3 3 5 0 1 3 3 2  T o t a l  

3 4 5  7 9 8  9 1  2 3  2 3 0 5  3 4 5  6 7 0 9 1  8 9 9 T i ~ u ~  

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  T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 

Papilloma 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 

Carcinoma 
Intestine small, jejunum 

Carcinoma 

Hemangiosarcoma 
Liver 

Hcmangioma 
Hcmangiosarcoma 
Hcpatoccllular carcinoma 
Hepatoccllular carcinoma, two, 
multiple 

Hcpatoccllular adcnoma 
Hcpatoccllular adcnoma, two, 
multiple 

Hcpatoccllular adcnoma, three, 
multiple 

Hepatocel lular  adenoma, four, 
multiple 

Mmentery  
Alvcolar/bronchiolar carcinoma, 

metastatic, lung 
Hemangioma 

Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + I  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + 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 
+ + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + M +  + + + + + + + M +  
+ + + + + + + + + + + + + + M + + + + + + + + M +  
+ + + + + + + + + + + + + + M + + + + + + + + M +  

+ + + + + 

49 
50 

1 
50 
49 
50 
48 
50 
50 
49 

1 
50 
2 
1 

50 
1 
1 

13 

2 
15 

10 

1 
1 

50 
50 
48 
48 
48 

1 
II 

C a r d i o v a s c u l a r  S y s t e m  

Blood vessel 
Heart  

Hemangiosarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
1 

50 
1 
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TASLE G2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year 
Chloramlnated Water Study: 50 ppm (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

9 5 5 5 6 3 3 5 7 8 8 8 9 9 9 9 9 0 2 2 2 2 3 3 3  
0 8 9 9 5 1 6 2 5 1 6 6 1 1 8 8 8 2 6 7 7 8 1 2 2  

C a r e a ~  I D  N u m b e r  

1 1 1 1 6 6 6 1 6 6 1 1 6 6 1 1 1 6 1 1 1 1 6 6 6  
1 2 0 0 4 4 3 2 3 4 2 2 2 4 0 2 2 2 1 1 1 1 4 2 3  

~ 0 7 8 6 2 0 9 1 8 4 7 6 0 6 6 8 8 5 0 7 4 1 7 2  

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  

E n d o c r i n e  S y s t e m  
Adrena l  g land 
Adrena l  gland,  cortex 

Capsule,  ad en o ma  
Adrena l  gland, medulla  
Islets, pancrea t ic  

A d e n o m a  
Para thyro id  gland 
Pi tui tary gland 

Thyroid  gland 
Foll icular  cell, ad en o ma  

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ M + + + + + + + + + + + + + + + M + + + + + + +  
+ + + + + + + + + + + + + + + + ÷ + + + + + + + + 

G e n e r a l  B o d y  S y s t e m  
Tissue N O S  

G e n i t a l  system 
Coagula t ing  gland 
Epididymis 
Preput ia l  g land 
Pros ta te  
Seminal vesicle 

Testes  

H e m a n g l o m a  
Interstitial cell, a d e n o m a  

+ + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + +  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Hematopoietic System 
Bone  mar row + + + + + + + + + + + + + + + + + + + + + + + + + 

H e m a n g l o s a r c o m a  X 

Lymph  node  + + + + + + + + + + + + + + + + + + + + + + + + + 
Mediastinal ,  a lveolar /bronchiolar  

carc inoma,  metastat ic ,  lung X 

Lymph  node,  mand ibu la r  + I + + + + + M + + + + + + M + + + + + + + + + + 

Lymph node,  mesenter ic  + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 
Thymus  + + + M + + M + + + + M + + + + M + + + + + + + M 
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T A ~ J ~  G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  $ 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 2 3 3 3 4 4 4 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 8  

C a r c a s s  I D  N u m b e r  

6 6 6 6 6 1 1 1 1 1 1 1 1 1 6 6 6 6 6 6 1 1 6 6 6  

4 4 4 4 4 1 1 2 2 2 1 1 3 2 3 3 3 3 3 5 0 1 3 3 2  T o t a l  

3 4 5  7 9 8 9 1 2  3 2 3 0 5  3 4 5 6 7 0 9 1 8  9 9 T ~ u ~  

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  T u m o r  

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Capsule, adenoma 
Adrenal  gland, medulla 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X 4 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
+ + + + + + + + + + + + + + + + + + + M + + M M +  ~ 
+ + + + + + + + + + + + + + + + + + + + + M M + I  45 
+ + + + + + + + + + + + + + + + + + + + + + + M +  49 

X X  2 

G e n e r a l  B o d y  S y s t e m  
Tissue NOS 

G e n i t a l  S y s t e m  
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Hemangioma 
Interstitial cell, adenoma 

+ + + + + 8 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + + 10 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
X 1 

H e m a t o p o i e t i c  S y s t e m  

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Hemanglosarcoma 1 

Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Mediastinal, alveolar/bronchiolar 

carcinoma, metastatic, lung 1 
Lymph node, mandibular  + + + + + + + + + + + + + + + + + + M + + + + + + 46 
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Thymus + M + + + M + M + + + + + + + + + + + + + + + M + 41 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 . Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  5 0  p p m  (continued) 

Number of  Days on Study 
4 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7  

9 5 5 5 6 3 3 5 7 8 8 8 9 9 9 9 9 0 2 2 2 2 3 3 3  
0 8 9 9 5 1 6 2 5 1 6 6 1 1 8 8 8 2 6 7 7 8 1 2 2  

C a r c a s s  I D  N u m b e r  

1 1 1 1 6 6 6 1 6 6 1 1 6 6 1 1 1 6 1 1 1 1 6 6 6  
1 2 0 0 4 4 3 2 3 4 2 2 2 4 0 2 2 2 1 1 1 1 4 2 3  
6 0 7 8 6 2 0 9 1 8 4 7 6 0 6 6 8 8 5 0 7 4 1 7 2  
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  

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Subcutaneous tissue, 
hemangiosarcoma 

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 

Muscu lo ske l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, 

two, multiple 
Alveolar/bronchiolar carcinoma X 
Alveolar/bronchiolar carcinoma, 

two, multiple 
Hepatocellular carcinoma, 

metastatic, liver 
Mediastinum, hemangioma 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 

X 
X X X X X 

X X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Special  S e n s e s  S y s t e m  
Harderian gland 

Adenoma 

÷ 

X 

U r i n a r y  S y s t e m  
Kidney 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Sys temic  L e s i o n s  
Multiple organs 

Lymphoma malignant 
lymphocytic 

Lymphoma malignant mixed 
X X  

X 
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T A m J ~  G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  50 p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 2 3 3 3 4 4 4 4 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 8  

C a r c a s s  ID  N u m b e r  

6 6 6 6 6 1 1 1 1 1 1 1 1 1 6 6 6 6 6 6 1 1 6 6 6  
4 4 4 4 4 1 1 2 2 2 1 1 3 2 3 3 3 3 3 5 0 1 3 3 2  T o t a l  
3 4 5 7 9 8 9 1 2 3 2 3 0 5 3 4 5 6 7 0 9 1 8 9 9  T i m u ~  
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  T u m o m  

I n t e g u m e n t a r y  S y s t e m  
Mammary  gland 
Skin 

Subcutaneous tissue, 
hcmangimarcoma 

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  
+ + + + + + + + + + + + + + + + + + + + + + + 50 

M u s c u i o s k e l e t a l  S y s t e m  
Bone 

N e r v o u s  S y s t e m  
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 Brain 
R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma,  

two, multiple 
Alveolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

two, multiple 
Hepatocellular carcinoma, 

metastatic, liver 
Mediastinum, hemangioma 

Nose  
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X X X  X X X  9 

1 
X 7 

X X 2 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

3 
1 

50 
50 

Spec ia l  S e n s e s  S y s t e m  
Harderian gland 

Adenoma 

Urinary System 
Kidney 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
50 

50 

S y s t e m i c  L e s i o n s  
Multiple organs 

Lymphoma malignant 
lymphocytic 

Lymphoma malignant mixed 

+ + + + ++ + + + + + + + + +  + + + + +  + + ++ + 

X X 

50 

2 

3 
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TABLE G2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year 
Chloraminated Water Study: I00 ppm 

N u m b e r  o f  D a y s  on  S t u d y  

5 5 5 6 6 6 6 6 6 6 6 6 - 7 7 7 7 7 7 7 7 7 7 7 7 7  

6 6 8 1 3 7 7 8 9 9 9 9 2 2 3 3 3 3 3 3 3 3 3 3 3  
2 5 1 8 8 7 7 1 1 1 8 9 7 7 0 2 3 3 3 3 3 3 5 5 5  

C a r c a s s  I D  N u m b e r  

6 6 0 0 5 0 0 0 6 6 0 0 0 0 6 5 0 6 6 6 6 6 0 0 0  
0 0 8 7 9 7 8 8 0 0 7 7 7 8 1 9 9 0 0 0 0 1 8 8 8  

9 8 0 8 7 4 1 7 1 7 5 6 7 2 2 3 5 3 4 5 6 5 3 4 5  
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  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 

Carcinoma 
Liver 

Hemangiosarcoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, two, 

multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, two, 

mult iple 
Hepatocel lular  adenoma, three, 

multiple 
Hepatocel lular  adenoma, four, 

multiple 
Hepatocel lular  adenoma, five, 

multiple 
Hepatoccl lular  adenoma, 

greater  than five, multiple 
Mesente W 
Pancreas 
Saliva W glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + M +  
+ 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 
+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + 

C a r d i o v a s c u l a r  S y s t e m  
Heart  

Alveolar/bronchiolar carcinoma, 
metastatic, lung X 
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T A S L E  G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  1 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 8 8 8 8 8  

C a r c a s s  I D  N u m b e r  

0 0 0 0 0 0 0 0 0 5 5 6 6 6 6 6 6 0 0 0 5 5 5 5 5  

8 8 7 8 9 9 9 9 9 9 9 0 0 1 1 1 1 7 7 7 9 9 9 9 9  T o ~ !  

6 8 9 9 0 1 2 3 4 8 9 0 2 0 1 3 4 1 2 3 1 2 4 5 6  T ~ u ~  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I 1 1 1  T u m o m  

Aiimentat~y System 
Esophagas 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 

Carcinoma 
Liver 

Hemanglosarcoma 
Hepatocel lular  carcinoma 
Hepatoeel lular  carcinoma, two, 

multiple 
Hepatocel lular  adenoma 
Hepa tocd lu la r  adenoma, two, 

multiple 
Hepatocel lular  adenoma, three, 

multiple 
Hepatocellular  adenoma, four, 

multiple 
Hepatocellular  adenoma, five, 

multiple 
Hepatocel lular  adenoma, 

greater  than five, multiple 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tooth 

+ ÷ + ÷ + + + + + ÷ ÷ + + ÷ + + ÷ ÷ + + + ÷ ÷ ÷ + 49 
÷ + + + ÷ ÷ + + ÷ + + + ÷ + + + ÷ + + + + + + + + ~ 

÷ + + + + + + + + + + + + ÷ ÷ + + + + + + + + + + 50 
+ + + + + + + + + M +  + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + ÷ + + ÷ + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + +  + + + +  + + + + + + + +  + + + +  + +  + + + +  ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + M  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 3 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 4 
X X X  X X 14 

1 
X X X X X X X  14 

X 1 

X X X 5 

X 1 

+ 
+ + + ÷ + ÷ ÷ + + + ÷ + + ÷ ÷ ÷ ÷ ÷ + + + ÷ + ÷ + 
+ ÷ ÷ + + + + + + ÷ + ÷ ÷ ÷ + + + + + + + + ÷ ÷ + 
÷ + + + + + + + ÷ + + ÷ + + + + + ÷ + + + + + + + 
÷ ÷ + + ÷ ÷ ÷ ÷ ÷ ÷ ÷ + + ÷ ÷ ÷ + ÷ + + ÷ ÷ + + + 
+ + ÷ ÷ + + + + + ÷ + ÷ ÷ + + + + + + ÷ ÷ ÷ + + + 

+ + 

1 
2 
50 
50 
50 
50 
50 
5 

C a r d i o v a s c u l a r  S y s t e m  
Heart  

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

50 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  1 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

5 5 5  

6 6 8  
2 5 1  

6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

1 3 7 7 8 9 9 9 9 2 2 3 3 3 3 3 3 3 3 3 3 3  
8 8 7 7 1 1 1 8 9 7 7 0 2 3 3 3 3 3 3 5 5 5  

C a r c a s s  I D  N u m b e r  

6 6 0  
0 0 8  

9 8 0  
1 1 1  

0 5 0 0 0 6 6 0 0 0 0 6 5 0 6 6 6 6 6 0 0 0  
7 9 7 8 8 0 0 7 7 7 8 1 9 9 0 0 0 0 1 8 8 8  

8 7 4 1 7 1 7 5 6 7 2 2 3 5 3 4 5 6 5 3 4 5  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

E n d o c r i n e  System 
Adrenal  gland 
Adrenal  gland, cortex 

Capsule, adenoma 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + M + + + + + + +  + +  + + M +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + M +  
X 

G e n e r a l  B o d y  System 
None 

G e n i t a l  System 
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

Hematopoietic System 
Bone marrow + + + 

Hemanglosarcoma 
Lymph node + + + 

Mediastinal, alveolar/bronchiolar 
carcinoma, metastatic, lung 

Lymph node, mandibular  + + + 
Lymph node, mesenteric + + + 
Spleen + + + 

Hemanglosarcoma 
Thymus + M + 

÷ + + + + ÷ ÷ ÷ ÷  

+ + + ÷ ÷ + ÷ ÷ ÷  

X 
+ + + + + + + + +  
+ + + + + + + + +  
+ + + + + + ÷ + +  

X 
+ + + + M ÷ + ÷ ÷  

+ + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + 

+ + + + + + + + + + + + ÷ 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + ÷ + 

+ + + + + + + + + + + + + 

I n t e g u m e n t a r y  S y s t e m  

Mammary gland 
Skin 

Neoplasm NOS 
Subcutaneous tissue, 

hemanglo~arcoma 
Subcutaneous tissue, l ipoma 

M M M  
+ ÷ ÷ 

M M M M M M M M M M  
÷ ~ ÷ ÷ • • ÷ ÷ • • 

X 

M M M M M M M M M M M M  
~ ~ ~ • ~ • • • • ~ • • 

X 
X 
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T A n L ~  G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  1 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7  

3 3 3  
5 5 6  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 8 8 8 8 8  

C a r c a s s  ID  N u m b e r  

0 0 0 0 0 0 0 0 0 5 5 6 6 6 6 6 6 0 0 0 5 5 5 5 5  

8 8 7 8 9 9 9 9 9 9 9 0 0 1 1 1 1 7 7 7 9 9 9 9 9  T o t a l  

6 8 9 9 0 1 2 3 4 8 9 0 2 0 1 3 4 1 2 3 1 2 4 5  6 T ~ u ~  

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  T u m o r  

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Capsule, adenoma 
Adrenal  gland, medulla 

Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + M + + + + M + + + + + + + + + +  
+ + + + + + M +  + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
50 
4 

50 
1 

50 
1 

46 
49 
49 

1 

G e n e r a l  B o d y  S y s t e m  

None 

G e n i t a l  S y s t e m  
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

5 
50 
6 

50 
50 
50 
2 

H e m a t o p o i e t i c  S y s t e m  

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Hemangiosarcoma 

Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 
Mediustinal, alveolar/bronchiolar 

carcinoma, metastatic, lung 
Lymph node, mandibular  + + + + + + + + + + + + + + + + + + + + + + + + + 
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 

Hemangiosarcoma 
Thymus + + + + + + + + + + + + + + + + + + + M + + + + M 

50 
1 

50 

1 
50 
50 
50 

1 
46 

I n t e g u m e n t a r y  ~ y s t e m  
Mammary gland 
Skin 

Neoplasm NOS 
Subcutaneous tissue, 

hemangiosarcoma 
Subcutaneous tissue, lipoma 

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  
+ + + + + + + + ÷ + + + ÷ + + + + ÷ + + + + ÷ + ~ 50 

1 



340 C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a te r ,  N T P  T R  392 

TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  100  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  
5 5 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7  

6 6 8 1 3 7 7 8 9 9 9 9 2 2 3 3 3 3 3 3 3 3 3 3 3  
2 5 1 8 8 7 7 1 1 1 8 9 7 7 0 2 3 3 3 3 3 3 5 5 5  

C a r c a s s  I D  N u m b e r  

6 6 0 0 5 0 0 0 6 6 0 0 0 0 6 5 0 6 6 6 6 6 0 0 0  
0 0 8 7 9 7 8 8 0 0 7 7 7 8 1 9 9 0 0 0 0 1 8 8 8  
9 8 0 8 7 4 1 7 1 7 5 6 7 2 2 3 5 3 4 5 6 5 3 4 5  
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  

Muscu io ske l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolar/bronchiolar adenoma X X X 
Alveolar/bronchiolar adenoma, 

two, multiple 
Alveolar/bronchiolar carcinoma X X X X X 
Hepatocellular carcinoma, 

metastatic, liver X X 
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

Special  S e n s e s  S y s t e m  
Harderian gland 

Adenoma 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

Sys temic  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 

Lymphoma malignant mixed X X 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  100  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 8 8 8 8 8  

C a r c a s s  ID  N u m b e r  

0 0 0 0 0 0 0 0 0 5 5 6 6 6 6 6 6 0 0 0 5 5 5 5 5  
8 8 7 8 9 9 9 9 9 9 9 0 0 1 1 1 1 7 7 7 9 9 9 9 9  T o ~ !  

6 8 9 9 0 1 2 3 4 8 9 0 2 0 1 3 4 1 2 3 1 2 4 5  6 T i ~ u ~  

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  T u m o ~  

Muscu ioske l e t a l  Sys t em  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  Sys t em  
Lung + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Alveolar/bronchiolar adenoma X X X X X X X 10 
Alveolar/bronchiolar adenoma, 

two, multiple X 1 
Alveolar/bronchiolar carcinoma X X 7 
Hepatoceilular carcinoma, 

metastatic, liver 2 
Nose + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Special  S e n s e s  Sys t em  
Harderian gland + 1 

Adenoma X 1 

U r i n a r y  S y s t e m  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 
12rinawbladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Sys temic  Les i ons  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Lymphoma malignant mixed X 3 
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TABLI~ 62  
Individual Animal Tumor Pathology of Male Mice in the 2.Year 
Chloraminated Water Study: 200 ppm 

N u m b e r  o f  D a y s  on  S t u d y  

3 4 4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

5 2 4 8 8 2 3 6 7 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 6 3 6 6 5 8 6 5 6 6 7 1 2 3 3 3 3 3 4 4 4 5 5 5 5  

C a r c a s s  I D  N u m b e r  

0 0 0 5 5 0 5 0 5 0 0 0 5 5 0 5 5 5 5 0 0 0 0 0 0 0  
6 3 5 5 6 4 6 5 6 3 4 5 7 6 6 6 6 6 8 5 5 5 4 4 4 4  

8 7 6 8 3 1 7 9 8 8 6 7 2 2 0 4 5 6 0 4 5 8 2 3 4 5  
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 1  

Alimentary System 
Esophagus 
Gallbladder  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 

Carcinoma 
Liver 

Hemanglosarcoma 
Hepatoblastoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, two, 

multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, two, 

multiple 
Hepatocel lular  adenoma, three, 

multiple 
Hepatocel lular  adenoma, four, 

multiple 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + ' +  + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + M +  + + + + + + + + 

A +  + + + + + + + + + + + + + + + + + + + + + + + + 
M + A +  + + + + + + + + +  + + + +  + + + + + + + + + 
M + + + + + + A + + + + + + + + + + + + + + + + + +  
A + A + + + + A + + + + + + + + + +  + + + + + + + +  

X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X 

X X  X X X X X 

X 
X X X X 

X 

+ + + + + + + +  
+ + + + + + + +  
+ + + + + + + +  
+ + + + + + + +  
+ + + + + + + +  

X X 

X X 

+ 
+ + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 
+ 

C a r t l i o v a s c u l a r  S y s t e m  
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Capsule, adenoma 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + M M +  + ÷ + ÷ + + + + + + ÷ + + M +  
+ + + + + + + + + I  + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + M +  

X 



L e s i o n s  i n  M a l e  M i c e  343  

TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 5 5 5 5 5 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

C a r c a ~  I D  N u m b e r  

0 0 0 0 0 0 0 0 0 0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

4 4 4 5 5 5 5 3 4 3 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7  T o t a l  

7 8 9 0 1 2 3 9 0 6 6 7 9 0 1 9 0 1 3 4 5 6 7 8 9 ~ u ~  

1 1 1 1  I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 T u m o r  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Carcinoma 
Liver 

Hemanglosarcoma 
Hepatoblastoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, two, 

multiple 
Hepatocei lular  adenoma 
Hepatocel lular  adenoma, two, 

multiple 
Hepatocel lular  adenoma, three, 

multiple 
Hepatocel lular  adenoma, four, 

multiple 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + I  + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + M +  + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 

X X X X  X 

X X X X 

X 
+ + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + 

51 
50 
51 
51 
51 
49 
50 
49 
49 
48 
2 

51 
2 
1 

10 

1 
11 

1 
3 

51 
51 
51 
51 

51 
3 

C a r d i o v a s c u l a r  S y s t e m  

Heart  + + + + + + + + + + + +  + +  + + +  + + +  + + + + +  51 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Capsule, adenoma 
Adrenal gland, medulla 

Phcochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + M + + + + + + + + + M + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 

51 
51 
1 

51 
1 

51 
46 
50 
50 
3 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

3 4 4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

5 2 4 8 8 2 3 6 7 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 6 3 6 6 5 8 6 5 6 6 7 1 2 3 3 3 3 3 4 4 4 5 5 5 5  

C a r c a s s  I D  N u m b e r  

0 0 0 5 5 0 5 0 5 0 0 0 5 5 0 5 5 5 5 0 0 0 0 0 0 0  
6 3 5 5 6 4 6 5 6 3 4 5 7 6 6 6 6 6 8 5 5 5 4 4 4 4  

8 7 6 8 3 1 7 9 8 8 6 7 2 2 0 4 5 6 0 4 5 8 2 3 4 5  
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 1  

G e n e r a l  B o d y  S y s t e m  
None 

G e n i t a l  S y s t e m  
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

H e m a t o p o i e t i c  S y s t e m  
Blood 
Bone marrow 
Lymph node 

Mediastinal, hepatocelluiar  
carcinoma, metastatic, liver 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

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 M M M M M  
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Subcutaneous tissue, 
fibrosarcoma X 

M u s c u l o s k e l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + + 
Skeletal muscle + 

Hemanglosarcoma X 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  Days  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 5 5 5 5 5 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

Carcass ID Number 

0 0 0 0 0 0 0 0 0 0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
4 4 4 5 5 5 5 3 4 3 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7  To ta l  

7 8  9 0 1  2 3  9 0 6 6  7 9  0 1  9 0 1 3  4 5 6 7 8 9 T ~ u ~  

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  T u m o r  

Gene ra l  Body Sys t em  
None 

Geni ta l  S y s t e m  
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

2 
51 
7 

51 
51 
51 

Hema topo i e t i c  Sys t em  
Blood 
Bone marrow 
Lymph node 

Mediastinal, hepatocellular 
carcinoma, metastatic, liver 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

+ 
+ + + + + +  + + + + + + +  + + + + + + + +  + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + +  + + + + + + +  + + + + + + + + +  + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + M + + + + + + + M + + + + M +  

1 
51 
51 

1 
48 
50 
51 
48 

I n t e g u m e n t a r y  Sys t em  
Mammawgland  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 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Subcutaneous tissue, 
fibrosarcoma 1 

Muscu loske l e t a i  Sys t em  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 51 
Skeletal muscle 1 

Hemangiosarcoma 1 

N e r v o u s  Sys t em  

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 51 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 . Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

Number of Days on Study 
3 4 4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

5 2 4 8 8 2 3 6 7 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 6 3 6 6 5 8 6 5 6 6 7 1 2 3 3 3 3 3 4 4 4 5 5 5 5  

Careas.~ I D  N u m b e r  

0 0 0 5 5 0 5 0 5 0 0 0 5 5 0 5 5 5 5 0 0 0 0 0 0 0  
6 3 5 5 6 4 6 5 6 3 4 5 7 6 6 6 6 6 8 5 5 5 4 4 4 4  

8 7 6 8 3 1 7 9 8 8 6 7 2 2 0 4 5 6 0 4 5 8 2 3 4 5  
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 1  

~ R e s p i r a t o r y  S y s t e m  
Lung 

Alveolarforonchiolar adenoma 
Alvcolar/bronchiolar carcinoma 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X X 

X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

Special  S e n s e s  S y s t e m  
Harderian gland 

Adenoma 

+ + + 

X X X 

U r i n a r y  S y s t e m  
Kidney 

Hepatocellular carcinoma, 
metastatic, liver 

Renal tubule, adenoma 
Urinaw bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 

Sys temic  L e s i o n s  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + + 

Lymphoma malignant mixed X 
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TABLE G 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  the 2-Year 
Chioraminated Water Study: 200 ppm (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 5 5 5 5 5 5 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

CareAg~ ID N u m b e r  

0 0 0 0 0 0 0 0 0 0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
4 4 4 5 5 5 5 3 4 3 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7  T o n !  

7 8 9 0 1 2 3 9 0 6 6 7 9 0 1 9 0 1 3 4 5 6 7 8 9  T i m u ~  
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  T u m o m  

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + +  51 
X X 4 

X 3 

2 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + + 51 

Special  Sense s  Sys t em  
Harderian gland + + + 6 

Adenoma X X 5 

U r i n a r y  Sys t em  
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Hepatocellular carcinoma, 
metastatic, liver 1 

Renal tubule, adenoma X 2 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Sys temic  Les i ons  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Lymphoma malignant mixed X 2 
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TABLE G3 

Sta t is t ica l  Analys is  o f  P r i m a r y  Neop lasms  in Male  Mice  in the  2-Ycar  

Ch locamina t ed  W a t e r  S tudy 

0 ppm 50 ppm 100 ppm 200 ppm 

Adrenal Cortex: Adenoma 
Overall rates s 
Adjusted rates b 
Terminal rates c 
First incidence ~(days) 
Life table tests u 
Logistic regression tests d 
Cochran-Armita~e test d 
Fisher erect test" 

5/50 (10%) 4/50 (8%) 4/50 (8%) 1/51 (2%) 
13,9% 13.9% 11.2% 2.7% 
4/34 (12%) 2/23 (9%) 3/34 (9%) 1/37 (3%) 
681 652 727 733 (T) 
P=0.057H P=0.598 P =0.497N P=0.089N 
P=0.069N P=0.523N P=0.483N P=0.095N 
P=0.076N 

Harderian Gland: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.500N P=0.500N P=0.098N 

Liver. Hepatocellular Adenoma 
Ove~ll rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/50 (6%) 1/50 (2%) 1/50 (2%) 5/51 (10%) 
8.8% 3.2% 2.9% 13.1% 
3/34 (9%) 0/2.3 (0%) 1/34 (3%) 4/37 (11%) 
733 (T) 727 733 (T) 731 
P=0.238 P=0.435N P=0.304N P--0.405 
P =0.216 P =0.365N P=0.304H P =0.404 
P=0.169 

Liver:. Hepatoceilular Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

P=0.309N P=0.309N P=0.369 

Liver:. Hepatoblastoma or Hepatocellular Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

30/50 (60%) 34150 (68%) 23/50 (4.6%) 19/51 (37%) 
71.1% 89.2% 57.0% 43.4% 
22/34 (65%) 19/23 (83%) 17/34 (50%) 13/37 (35%) 
558 559 638 353 
P<0.001N P=0.017 P=0.131N P=0.019N 
P =0.002N P =0.197 P =0.087N P =0.019N 
P =0.002N 

P=0.266 Pf0.115N Pf0.018N 

12/50 (24%) 15/50 (30%) 15/50 (30%) 11/51 (22%) 
26.9% 39.6% 33.8% 25.7% 
4/34 (12%) 4/23 (17%) 6/34 (18%) 7/37 (19%) 
541 558 562 443 
P=0.269N P=0.199 P=0.367 P=0.448N 
P =0.335N P =0.368 P =0.237 P=0.431N 
P=0.359N 

P=0.326 P=0.326 P=0.478N 

13/50 (26%) 15/50 (30%) 15/50 (30%) 12/51 (24%) 
28.7% 39.6% 33.8% 27.6% 
4/34. (12%) 4/23 (17%) 6./34 (18%) 7./37 (19%) 
541 558 562 443 
P=0.284N P=0.262 P=0.446 P=0.444N 
P=0.358N P=0.460 P=0.318 P=0.435N 
P =0.380N 

P=0.412 P=0.412 P-~0.477N 
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TABLE G3 
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year 
Chloraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Liver:. Helmtocellular Adenoma, Hepatoblastoma, or Hepatocellular Carcinoma 
Overall rates 35/50 (70%) 39/50 (78%) 33/50 (66%) 26/51 (51%) 
Adjusted rates 75.8% 90.5% 71.4% 56.0% 
Terminal rates 23/34 (68%) 19/23 (83%) 21/34 (62%) 17/37 (46%) 
First incidence (days) 541 558 562 353 
Life table tests P=0.006N P=0.025 P=0.411N P--0.053N 
Logistic regression tests P=0.007N P=0.225 P=0.424N Pf0.037N 
Cochran-Annitage test P =0.007N 
Fisher exact test P=0.247 P=0.415N P=0.040N 

Lung: Aiveolar/bronchiolar Adenoma 
Overall rates 15/50 (30%) 
Adjusted rates 36.1% 
Terminal rates 9/34 (26%) 
First incidence (days) 541 
Life table tests P=0.003N 
Logistic regression tests P=0.005N 
Cochran-Armitage test Pf0.005N 
Fisher exact test 

10/50 (20%) 11/50 (22%) 4/51 (8%) 
36.1% 31.1% 9.6% 
6/23 (26%) 10/34 (29%) 2/37 (5%) 
727 691 625 
P=0.464N P=0.252N P=0.006N 
P=0.182N P=0.254N Pf0.004N 

P=0.178N P=0.247N P=0.004N 

Lung: Alveolar/bronchiolar Carcinoma 
Overall rates 8/50 (16%) 
Adjusted rates 20.7% 
Terminal rates 5/34 (15%) 
First incidence (days) 559 
Life table tests P=0.041N 
Logistic regremion tests P=0.052N 
Cochran-Armitage test P=0.054N 
Fisher exact test 

9/50 (18%) 7/50 (14%) 3/51 (6%) 
25.8% 17.3% 7.7% 
2/23 (9%) 4/34 (12%) 2/37 (5%) 
490 562 726 
P=0.325 P=0.482N P=0.086N 
P=0.514 P=0.531N P=0.096N 

P--0.500 Pf0.500N Pf0.094N 

Lung: Alveolar/bronchiolar Adenoma or Alveolar/bronchiolar Carcinoma 
Overall rates 21/50 (42%) 19/50 (38%) 17/50 (34%) 
Adjusted rates 47.7% 54.5% 43.5% 
Terminal rates 12/34 (35%) 8/23 (35%) 13/34 (38%) 
First incidence (days) 541 490 562 
Life table tests P<0.001N P--0.362 P=0.275N 
Logistic regression tests P<0.001N P=0.410N P=0.297N 
Cochran-Annitage test P<0.001N 
Fisher enact test P=0.419N P=0.268N 

Small Intestine: Carcinoma 
Overall rates 1/50 (2%) 
Adjusted rates 2.9% 
Terminal rates 1/34 (3%) 
First incidence (days) 733 (T) 
Life table tests P=0.543 
Logistic regre~ion tests P=0.501 
Cochran-Armitage test P=0.486 
Fisher exact test 

3/50 (6%) 
8.4% 
0/23 (0%) 
565 
P=0.251 
P=0.318 

P=0.309 

3/50 (6%) 
7.2% 
1/34 (3%) 
581 
P=0.318 
P=0.276 

P=0.309 

7/51 (14%) 
16.8% 
4/37 (11%) 
625 
Pf0.003N 
P=0.001N 

Pffi0.001N 

~/51 (4%) 
5.2% 
1/37 (3%) 
731 
P=0.532 
P=0.530 

P=0.508 
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TABLE G3 
Statistical Analysis of Primary Neoplasms in Male Mice in the 2.Year 
Chioraminated Water Study (continued) 

0 ppm .50 ppm 100 ppm 200 ppm 

Small Intestine (Jejunum): Carc inoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Thyro id  Gland (Follicular Cell): Adenoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

All Organs :  Hemangioma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs :  H e m a n g i o s a r c o m a  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher ~xact test 

0/50 (0%) 2/50 (4%) 3/50 (6%) 2/51 (4%) 
0.0% 4.9% 7.2% 5.2% 
0/34 (0%) 0/23 (0%) 1/34 (3%) 1/37 (3%) 
_e 565 581 731 
P=0.288 P-~0.234 P=0.131 P=0.261 
P=0.270 P=0.262 P=0.093 P=0.255 
P=0.2A4 

P=0.247 P=0.121 P=0.252 

1/50 (2%) 2/49 (4%) 1/49 (2%) 3/50 (6%) 
2.5% 9.1% 3.0% 8.3% 
0/34 (0%) 2/22 (9%) 1/33 (3%) 3/36 (8%) 
691 733 (T) 733 (T) 733 (T) 
P=0.302 P=0.394 P=0.758N P=0.326 
P = 0.260 P -~ 0.476 P = 0.760 P = 0.307 
P=0.240 

P = 0 . 4 ~  P=0.747 P=0.309 

3/50 (6%) 4/50 (8%) 0/50 (0%) 0/51 (0%) 
8.4% 12.4% 0.0% 0.0% 
2/34 (6%) 1/23 (4%) 0/34 (0%) 0/37 (0%) 
730 675 - - 
P=0.025N P=0.372 P=0.125N P=0.110H 
P=0.027N P=0.479 P=0.118N P=0.106H 
P=0.029N 

P=0.500 P=0.121N Pf0.118N 

3/50 (6%) 3/50 (6%) 5/50 (10%) 3/51 (6%) 
8.8% 8.7% 12.6% 6.4% 
3/34 (9%) 0/23 (0%) 2134 (6%) 0/37 (0%) 
733 (T) 686 618 586 
P =0.532N P =0.546 P =0.366 P =0.6271q 
P = 0.563 P = 0.644 P = 0.362 P = 0.6281q 
P=0.549 

P=0.661N P=0.357 P=0.652N 

All Organs :  H e m a n g i o m a  or  H em ang i os a r coma  
Overall rates 6/50 (12%) 7/50 (14%) 5/50 (10%) 3/51 (6%) 
Adjusted rates 17.0% 20.2% 12.6% 6.4% 
Terminal rates 5/34 (15%) 1/23 (4%) 2/34 (6%) 0/37 (0%) 
First incidence (days) 730 675 618 586 
Life table tests P=0.110N P=0.327 P=0.496N P=0.2151q 
Logistic regression tests P=0.137N P=0.469 P=0.486N P=0.225N 
Cochran-Atmitage test P=0.139N 
Fisher exact test P=0.500 P=0.500N P=0.234N 
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TASLE G 3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  Male  Mice  in  t h e  2-Year 
C h i o r a m i n a t e d  W a t e r  S t u d y  (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

All Organs:  Mal ignant  Lymphoma 
Overall rates 0/50 (0%) 5/50 (10%) 3/50 (6%) 2/51 (4%) 
Adjusted rates 0.0% 15.5% 8.1% 5.1% 
Terminal rates 0/34 (0%) 2/23 (9%) 2/34 (6%) 1/37 (3%) 
First incidence (days) - 631 691 727 
Life table tests P=0.526 Pffi0.022 P=0.126 P=0.255 
Logistic regression tests Pf0A66 Pffi0.035 P=0.124 Pffi0.251 
Cochran-Armitage test P=0.466 
Fisher exact test P=0.028 P=0.121 P=0.252 

All Organs: Benign Tumors 
Overall rates 39/50 (78%) 38/50 (76%) 32/50 (64%) 27/51 (53%) 
Adjusted rates 84.6% 97.4% 74.2% 60.9% 
Terminal rates 27/34 (79%) 22/23 (96%) 23/34 (68%) 20/37 (54%) 
First incidence (days) 541 559 638 353 
Life table tests P<0.001N P=0.062 Pf0.140N Pf0.012N 
Logistic regremion tests Pffi0.002N Pffi0.561N Pffi0.073N Pffi0.007N 
Cochran-Armitage test P=0.002N 
Fisher exact test Pffi0.500N Pffi0.093N Pffi0.007N 

All Organs: Malignant Tumors 
Overall rates 22/50 (44%) 28/50 (56%) 28/50 (56%) 19/51 (37%) 
Adjusted rates 47.9% 62.0% 56.8% 40.6% 
Terminal rates 11/34 (32%) 7/23 (30%) 13/34 (38%) I0/37 (27%) 
First incidence (days) 541 490 562 443 
Life table tests P=0.123N P--0.070 P=0.242 P=0.290N 
Logistic regremion tests P=0.187N P=0.199 P=0.107 P=0.292N 
Cochran-Armitage test P=0.175N 
Fisher exact test P=0.159 P=0.159 P=0.313N 

All Organs:  Benign and Malignant  Tumors 
Overall rates 42/50 (84%) 49/50 (98%) 41/50 (82%) 37/51 (73%) 
Adjusted rates 87.4% 100.0% 83.6% 75.4% 
Terminal rates 28/34 (82%) 23/23 (100%) 26/34 (76%) 25/37 (68%) 
First incidence (days) 541 490 562 353 
Life table tests P=0.015N P=0.004 P=0.468N P=0.141N 
Logistic regression tests P=0.012N Pffi0.020 Pffi0.525N Pf0.121N 
Cochran-Annitage test P=0.011N 
Fisher exact test P=0.015 P=0.500N P=0.124N 

~T)Terminal sacrifice 
Number of tumor-bearing animals/number of animals examined. Denominator is number of animals examined microscopically 
for adrenal gland, bone marrow, brain, clitoral gland, epididymis, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, 
ovary, pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, 
and urinary bladder, for other tissues, denominator is number of animals necrop~ied. 

b Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
c Observed incidence at terminal kill 
d Beneath the "0 ppm" column are the P values associated with the trend test. Beneath the dose group columns are the P values 

corresponding to pairwise comparisons between the controls and that dose group. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these 
lesions as nonfatal. The Cochran-Armitage and Fisher Exact tests compare directly the overall incidence rates. For all tests, a 
negative trend or a lower incidence in a dose group is indicated by N. 

e Not applicable; no tumors in animal group 
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TABLE G4 
Historical Incidence of  Renal Tubule Adenomas in Untreated Male B6C3F t Mice ~ 

Studies Incidence in Controls 

Historical Incidence at Southern Research Institute 

Feed 
Nitrofurantoin 0/50 (0%) 
Rhodamine 6G 1/50 (2%) 
Roxarsone 0•50 (0%) 

Total 1/150 (1%) 
Standard deviation 1.2% 
Range 0%-2% 

Water 
Chloramine 0/50 (0%) 

Overall Historical Incidence 

Feed 

Total 
Standard deviation 
Range 

Water 

Total 

1/563 (o.2%) 
0.6% 

0%-2% 

0n29 (0%) 

a Data as of 15 September 1990 
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TAaL~ G5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year 
Chloramlnated Water Study 

0 ppm 50 ppm 100 ppm 200 ppm 

Disposition Summary 
Animals initially in study 70 70 70 70 
15-week interim evaluation 10 10 10 10 
66-week interim evaluation 10 10 10 9 
Early deaths 

Natural death 4 3 3 4 
Moribund 12 24 13 10 

Survivors 
Terminal sacrifice 34 23 34 37 

Animals examined microscopically 50 50 50 51 

Alimentary System 
Gallbladder (44) (50) (48) (50) 

Cyst 1 
Dilatation 1 (2%) 1 (2%) 2 

Intestine large, cecum (50) (49) (49) (51) 
Hyperplasla, lymphoid 1 

Intestine large, colon (49) (50) (50) (51) 
Diverticulum 1 (2%) 

Intestine small, duodenum (49) (50) (49) (49) 
Hyperplasia, lymphoid 1 (2%) 
Metaplasia, squamous 1 (2%) 

Intestine small, ileum (48) (49) (48) (49) 
Hyperplasla, lymphoid 1 (2%) 

Liver (50) (50) (50) (51) 
Basophilic focus 3 (6%) 4 (8%) 3 (6%) 5 
Clear cell focus 11 (22%) 11 (22%) 13 (26%) 4 
Eosinophilic focus 1 (2%) 2 (4%) 
Hematopoietic cell proliferation 1 (2%) 1 
Hyperplasia, focal 14 (28%) 21 (42%) 12 (24%) 4 
Hyperplasia, lymphoid 1 (2%) 1 (2%) 1 
Infarct 1 
Inflammation, acute 1 (2%) 
Inflammation, chronic 2 (4%) 2 (4%) 2 (4%) 2 
Metaplasia, osseous 1 
Mineralization 1 
Mixed cell focus 1 (2%) 1 (2%) 3 (6%) 3 
Centrilobular, necrosis 1 (2%) 2 (4%) 1 
Hepatocyte, cytomegaly 1 
Hepatocyte, kmyomegaly 1 (2%) 2 
Hepatocyte, vacuolization cytoplasmic 2 (4%) 1 (2%) 4 (8%) 3 
Kupffercell, hyperplasia 4 (8%) 3 (6%) 2 (4%) 4 
Kupffercell, pigmentation 3 (6%) 2 (4%) 1 
Lobules, necrosis 2 (4%) 7 (14%) 6 (12%) 6 

Mesente~y (7) (6) (2) (3) 
Fibrosis 1 (14%) 
Hemorrhage 1 (50%) 
Mineralization 1 (14%) 
Fat, necrosis 4 (57%) 4 (67%) 1 (50%) 3 

(2%) 
(4%) 

(2%) 

(lo%) 
(8%) 

(2%) 
(8%) 
(2%) 
(2%) 

(4%) 
(2%) 
(2%) 
(6%) 
(2%) 
(2%) 
(4%) 
(6%) 
(8%) 
(2%) 
(12%) 

(10o%) 
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TABLE G$ 
Summary  of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year 
Chioraminated Water  Study (continued) 

0 ppm 50 ppm I00 ppm 200 ppm 

Alimentary System (continued) 
Panorea~ (50) (50) (50) (51) 

Atrophy 6 (12%) 3 (6%) 5 (10%) 1 (2%) 
Cyst 1 (2%) 
Cytoplasmic alteration 4 (8%) 2 (4%) 2 (4%) 
Focal cellular change 2 (4%) 
Hyperplaala, lymphoid 2 (4%) 
Inflammation, chronic 1 (2%) 

Salivary ~nds  (50) (50) (5O) (51) 
Atrophy 1 (2%) 
Hypetplasla, lymphoid la (36%) 13 (26%) 15 (30%) 10 (20%) 

Stomach, forcstomach (50) (48) (50) (51) 
Edema 1 (2%) 
Erosion I (2%) 
Hyperkeratosis 1 (2%) 
Inflammation, suppurative 2 (4%) 1 (2%) 
Mucosa, hyperplasia 1 (2%) 1 (2%) 2 (4%) 2 (4%) 

Stomach, glandular (50) (48) (50) (51) 
Cyst 9 (18%) 11 (23%) 8 (16%) 9 (18%) 
Inflammation, subacute 1 (2%) 2 (4%) 1 (2%) 1 (2%) 
Metaplasia, squamous I (2%) 1 (2%) 
Mineralization 2 (4%) 5 (10%) 3 (6%) 6 (12%) 
Mucosa, dysplasia 1 (2%) 1 (2%) 

Tooth (17) (11) (5) (3) 
Dysplasia 17 (100%) 11 (100%) 5 (100%) 3 (100%) 

Cardiovascular System 
Blood vessel 

Hypertrophy 
Inflammation, chronic 

Heart 
Epicardium, inflammation, chronic 
Myocardium, fibrosis 
Myocardium, inflammation, chronic 
Myocardium, mineralization 

(1) 
1 (10o%) 
1 (100%) 

(5o) (50) (50) (51) 
2 (4%) 1 (2%) 
1 (2%) 
3 (6%) 1 (2%) 

2 (4%) 

Endocrine System 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
Atrophy 
Basophilic focus 
Clear cell focus 
Cyst 
Developmental malformation 
Hyperplasia, diffuse 
Hyperplasia, focal 
Hypertrophy, focal 
Mineralization 
Capsule, hyperplasla 

Adrenal gland, medulla 
Atrophy 
Hyperplasia 

(50) (50) (50) (51) 
3 (6%) 4 (8%) 7 (14%) 7 (14%) 

i (2%) 
2 (4%) 2 (4%) 
3 (6%) 7 (14%) 3 (6%) 3 (6%) 

1 (2%) 
1 (2%) 

I (2%) 
2~ (56%) 24 (48%) 31 (62%) 20 (39%) 
2 (4%) 1 (2%) 1 (2%) 1 (2%) 
1 (2%) 
10 (20%) 11 (22%) 6 (12%) 4 (8%) 

(49) (50) (50) (51) 
1 (2%) 

3 (6%) 1 (2%) 
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TABLE G$ 
Summary  o f  the Incidence of  Nonneoplast ic  Lesions in Male Mice in the 2-Year 
Chioraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Endocrine System (continued) 
Islets, pancreatic 

cyst 
Hyperplusia 

Parathyroid gland 
cyst 

Pituitary gland 
Pars distalis, cyst 
Pars distalis, hyperplasia 

Thyroid gland 
Degeneration, cystic 
Ectopic thymus 
Inflammation, subacute 
Follicle, cyst 
Follicular cell, hyperpiasia 

(5o) 0o) (50) 
1 (2%) 

31 (62%) 27 (54%) 26 (52%) 
(49) (47) (46) 

1 (2%) 2 (4%) 
(48) (45) (49) 

2 (4%) 3 (7%) 6 (12%) 
1 (2%) 2 (4%) 

(SO) (49) (49) 
12 (24%) 17 (35%) 15 (31%) 

1 (2%) 

3 (6%) 4 (8%) 
5 (10%) 2 (4%) 6 (12%) 

(51) 

15 (2~) 
(46) 

I (2%) 
(50) 

3 (6%) 

(50) 
11 (22%) 

I (2%) 
3 (6%) 
8 (16%) 

General Body System 
None 

Genital System 
Coagulating gland 

Dilatation 
Inflammation, suppurative 

Epididymis 
Atypical cells 
Granuloma sperm 
Hyperplasia, lymphoid 
Inflammation, chronic 
Spermatocele 

Preputial gland 
Ectasia 
Inflammation, chronic 

Prostate 
Cyst 
Inflammation, chronic 
Inflammation, suppurative 
Epithefium, hyperplasia 

Seminal vesicle 
Dilatation 
Fibrosis 
Hemorrhage 
Inflammation, chronic 

Testes 
Congestion 
Hemorrhage 
Infarct 
Mineralization 
Seminiferous tubule, atrophy 

(S) (S) (5) 
8 (lOO%) s (100%) 5 (i00%) 
i (13%) 

(50) (50) (50) 
2 (4%) I (2%) 

1 (2%) 
1 (2%) 
2 (4%) 1 (2%) 
1 (2%) 

(4) (10) (6) 
4 (100%) 9 (90%) 6 (100%) 

2 (20%) 2 (33%) 
(5O) (50) (5O) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(5O) (50) (5O) 
20 (40%) 18 (36%) 18 (36%) 

1 (2%) 
1 (2%) 

1 (2%) 
(50) (50) (50) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
2 (4%) 4 (8%) 1 (2%) 

(2) 
2 (100%) 

(51) 

I (2%) 

1 (2%) 

(7) 
7 (100%) 
I (14%) 

(51) 

1 (2%) 

(51) 
8 (16%) 

(51) 

4 (8%) 



356 Chlorinated and Chioraminated Water, NTP TR 392 

TABLE G5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year 
Chloraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 7~00 ppm 

Hematopoietic System 
Bone marrow (50) (50) (50) (51) 

Angiectasis I (2%) I (2%) 1 (2%) 
Hypercellularity 3 (6%) 4 (8%) 2 (4%) 1 (2%) 
Necrosis 1 (2%) 

Lymph node (50) (50) (50) (51) 
Bronchial, hyperplasia, lymphoid 1 (2%) 
Mediastinal, hematopoietic cell proliferation 1 (2%) 
Mediustinal, hyperplasia, lymphoid 1 (2%) 1 (2%) 
Mediastinal, hyperplasia, plasma cell 1 (2%) 1 (2%) 

Lymph node, mandibular (49) (46) (50) (48) 
Hyperpmia, lymphoid 2 (4%) 1 (2%) 1 (2%) 
Hyperplasia, plasma cell 3 (6%) 1 (2%) 

Lymph node, mesenteric (46) (50) (50) (50) 
Depletion 1 (2%) 
Hematopoieticcell proliferation 6 (13%) 3 (6%) 1 (2%) 3 (6%) 
Hemorrhage 22 (48%) 15 (30%) 12 (24%) 13 (26%) 
Hyperplasia, histioo/te 1 (2%) 
Hyperplasia, tymphoid 6 (13%) 2 (4%) 3 (6%) 1 (2%) 
Hyperplasia, plasma cell 2 (4%) 1 (2%) 

Spleen (50) (50) (5o) (51) 
Angiectasis 2 (4%) 
Congestion 1 (2%) 
Hematopoietic cell proliferation 9 (18%) 13 (26%) 15 (30%) 11 (22%) 
Pigmentation, hemosiderin 2 (4%) 
Lymphoid follicle, atrophy 2 (4%) 1 (2%) 1 (2%) 
Lymphoid follicle, hyperplasia 4 (8%) 4 (8%) 2 (4%) 1 (2%) 
Red pulp, atrophy 2 (4%) 1 (2%) 1 (2%) 
Red pulp, hyperplasia 3 (6%) 

~ymus 07) (41) (46) (48) 
Cyst 9 (19%) 5 (12%) S (7%) 7 (15%) 
Depletion 11 (23%) 9 (22%) 2 (4%) 7 (15%) 
Hyperpmia, Mnphoid 1 (2%) 

Integumentary System 
Skin 

Acanthosis 
Cyst epithelial inclusion 
Inflammation, chronic 
Hair follicle, cyst 
Subcutaneous tissue, edema 

(5o) (so) 
1 (2%) 

(2%) 

(50) (51) 
1 (2%) 

i (2%) 
1 (2%) 1 (2%) 
i (2%) 

1 (2%) 

Musculoskeletal System 
None 

Nervous System 
Brain 

Hydrocephalus 
Thalamus, mineralization 

(5o) 
1 (2%) 

41 (82%) 

(5o) 

38 (76%) 

(5o) 

44 

(51) 

(88%) 42 (82%) 
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TABL~ G$ 
Summary  of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year 
Chloraminated Water  Study (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

Respiratory System 
Lung (50) (50) 

Congestion 2 (4%) 1 (2%) 
Embolus 
Hemorrhage 2 (4%) 3 (6%) 
Hyperplasia, lymphoid 6 (12%) 4 (8%) 
Infiltration cellular, histiocytic 16 (32%) 9 (18%) 
Inflammation, chronic 
Metaplasla, osseous 1 (2%) 
Alveolar epithelium, hyperplasia 6 (12%) 2 (4%) 
Alveolar epithelium, hyperplasia, focal 

No~e (50) (50) 
Exudate 8 (16%) 5 (10%) 
Foreign body 
Glands, hyperplasia, cystic 6 (12%) 3 (6%) 

(50) (51) 
I (2%) 

1 (2%) 
4 (8%) 1 (2%) 
2 (4%) 3 (6%) 
8 (16%) 7 (14%) 

1 (2%) 

3 (6%) 
1 (2%) 

(50) (51) 
1 (2%) 4 (8%) 
1 (2%) 
I (2%) 2 (4%) 

Special Senses System 
None 

Urinary System 
Kidney (50) (50) (50) (51) 

Casts protein 6 (12%) 17 (34%) 14 (28%) 12 (24%) 
cyst 28 (56%) 24 (48%) 24 (48%) lS (35%) 
Glomerulosclerosis 2 (4%) 
Granuloma 1 (2%) 3 (6%) 
Hydronephrosis 2 (4%) 3 (6%) 1 (2%) 
Hyperplasia, lymphoid 12 (24%) 18 (36%) 18 (36%) 12 (24%) 
Metaplasia, osseous 1 (2%) 1 (2%) 1 (2%) 
Mineralization 48 (96%) 44 (88%) 44 (88%) 47 (92%) 
Renal tubule, atrophy 4 (8%) 16 (32%) 8 (16%) 13 (25%) 
Renal tubule, dilatation 4 (8%) 15 (30%) 20 (39%) 
Renal tubule, hyperplasia, focal 1 (2%) 2 (4%) 1 (2%) 
Renal tubule, necrosis 1 (2%) 2 (4%) 2 (4%) 
Renal tubule, regeneration 45 (90%) 48 (96%) 47 (94%) 49 (96%) 
Transitional epithelium, hyperplasia 1 (2%) 

Urinary bladder (50) (50) (50) (51) 
Dilatation 1 (2%) 1 (2%) 1 (2%) 1 (2%) 
Hemorrhage 1 (2%) 
Hyperplasia, lymphoid 4 (8%) 4 (8%) 4 (8%) 5 (10%) 
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T A m S  H I  
S u m m a r y  of  the Incidence  o f  Neoplasms in Female  Mice in the 2-Year 
Chloramina ted  W a t e r  S tudy 

0 ppm ~0 ppm 100 ppm 700 ppm 

Disposition Sunnnary 
Animals initially in study 
15-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 
Accidental death 

Survivom 
Terminal sacrifice 

Animals examined microscopically 

70 70 70 70 
10 10 10 10 
10 10 10 10 

3 3 6 3 
13 14 9 5 

1 1 0 0 

33 32 35 42 

50 50 50 50 

Alimentary System 
Gallbladder (47) (49) 
Intestine small, duodenum (48) (46) 

Fibrous histiocytoma 1 (2%) 
Intestine small, ileum (48) (50) 

Histiocytic sarcoma 
Intestine small, jejunum (48) (49) 
Liver (50) (50) 

Fibrous histiocytoma 1 (2%) 1 (2%) 
Hemangimarcoma 1 (2%) 
Hepatocellular carcinoma 6 (12%) 8 (16%) 
Hepatocellular carcinoma, two, multiple 3 (6%) 
Hepatocellular adenoma 13 (26%) 10 (20%) 
Hepatocellular adenoma, two, multiple 3 (6%) 1 (2%) 
Hepatocellular adenoma, three, multiple 1 (2%) 1 (2%) 
Hepatocellular adenoma, four, multiple 1 (2%) 2 (4%) 
Hepatocellular adenoma, five, multiple 1 (2%) 
Histiocytic sarcoma, metastatic 

Mesentery (17) (8) 
Chemodectoma malignant 1 (6%) 
Hemangiosarcoma 1 (6%) 

Pancreas (50) (50) 
Fibrous histiocytoma 1 (2%) 1 (2%) 
Hemangioma 1 (2%) 

Salivary glands (49) (50) 
Stomach, forestomach (50) (50) 

Hemangioma 1 (2%) 
Leiomyoma 1 (2%) 

Stomach, glandular (50) (50) 
Fibrous histiocytoma 1 (2%) 

(48) 
(48) 

(49) 

(49) 
(5o) 

4 
2 

18 
2 
1 
1 

(s) 

(49) 

(50) 
(50) 

(50) 

(8%) 
(4%) 
(3~%) 
(4%) 
(2%) 
(2%) 

(49) 
(49) 

(47) 
1 (2%) 

(48) 
(50) 

1 (2%) 

3 (6%) 

11 (22%) 
2 (4%) 

1 (2%) 
(2) 

(50) 

(50) 
(49) 

(49) 

Cardiovascular System 
Heart (50) (50) (50) (50) 
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TABLE H I  
Summary  o f  the Incidence of  Neoplasms in Female Mice in the 2-Year 
Chloraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Endocrine System 
Adrenal gland, cortex 

Adenoma 
Capsule, adenoma 

Adrenal gland, medulla 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 
Carcinoma 

Pituitary gland 
Pars distalis, adenoma 
Pars distalis, carcinoma 
Pars intermedia, adenoma 

Thyroid gland 
Follicular cell, adenoma 
Follicular cell, carcinoma 

(5o) (5o) (so) (so) 
1 (2%) 

1 (2%) 
(50) (so) (so) (so) 

1 (2%) 1 (2%) 
(so) (50) (48) (50) 

2 (4%) I (2%) 
1 (2%) 

(48) (50) (4 D (50) 
5 (10%) ~ (22%) 4 (9%) 2 (4%) 

~ (2%) 
1 (2%) 

(50) (49) (SO) (49) 
2 (4%) I (2%) 1 (2%) 

I (2%) 

General Body System 
None 

Genital System 
Ovary 

Adenoma 
Cystadenoma 
Hemangioma 
Teratoma benign 

Uterus 
Carcinoma 
Hemanglosarcoma 
Histiocytic sarcoma 
Leiomyosarcoma 
Polyp stromal 
Sarcoma 
Sarcoma stromal 

(46) (46) (48) 
2 (4%) 

1 (2%) 1 (2%) 
1 (2%) 1 (2%) 
i (2%) 

(50) (s0) (s0) 
1 (2%) 1 (2%) 

i (2%) 
1 (2%) 

3 (6%) 2 (4%) 
I (2%) 

1 (2%) 

(47) 
i (2%) 
1 (2%) 

(5o) 

i (2%) 
2 (4%) 

1 (2%) 

Hematopoietic System 
Bone marrow 

Fibrous histiocytoma 
Hemangiosarcoma 

Lymph node 
Axillary, fibrosarcoma, metastatic, skin 
Renal, fibrous histiocytoma 

Lymph node, mandibular 
Lymph node, mesenteric 

Fibrous histiocytoma 
Renal, lilac, mediastinal, mandibular, 

fibrous histiocytoma 

(50) (50) 
1 (2%) 

(so) (5o) 
1 (2%) 

(46) 
(49) 

1 (2%) 

i (2%) 
(49) 
(50) 

1 (2%) 

(5o) 

(5o) 

(47) 
(4~) 

(5o) 
1 (2%) 
I (2%) 

(5o) 

(so) 
(46) 
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T~LE HI 
Summary of the Incidence of Neoplasms in Female Mice in the 2-Year 
Chioraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 2,00 ppm 

Hematopoletlc System (continued) 
Spleen 

Fibrous histiocytoma 
Hemangloma 
Hemangiosarcoma 

Thymus 
Fibrous histiocytoma 
Thymoma benign 

(49) (50) (50) (50) 
1 (2%) I (2%) 1 (2%) 

1 (2%) 
1 (2%) 1 (2%) 

(48) (47) (47) (43) 
1 (2%) 
1 (2%) 1 (2%) I (2%) 

Integumentary System 
Mammary gland (49) (50) (49) (50) 
Skin (50) (50) (49) (48) 

Fibrosarcoma 1 (2%) 
Mast cell tumor benign 1 (2%) 
Subcutaneous tissue, sarcoma 1 (2%) 
Subcutaneous tissue, schwannoma malignant 2 (4%) 

i (2%) 
1 (2%) 

Musculoskeletal System 
Bone 

Osteosarcoma 
Skeletal muscle 

Fibrosareoma, metastatic, skin 
Osteosarcoma, metastatic, bone 

(50) 
1 (2%) 

(2) 
I (50%) 
i (50%) 

(5o) (5o) (50) 

Nervous System 
None 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, two, multiple 
Alveolarforonchiolar carcinoma 
Fibrosarcoma, metastatic, skin 
Fibrous histiocytoma 
Hepatocellular carcinoma, metastatic, 

liver 
Schwannoma malignant, metastatic, skin 

Nose 
Glands, carcinoma 

(5o) 
4 

1 
1 

1 

(SO) 

(8%) 

(2%) 
(2%) 

(2%) 

(5o) 
a (6%) 

2 (4%) 

i (2%) 

2 (4%) 
1 (2%) 

(so) 

(50) (5o) 
2 (4%) 2 (4%) 

1 (2%) 
2 (4%) 

1 

1 (2%) 1 

(50) (50) 
1 (2%) 

(2%) 

(2%) 

Special Senses System 
Harderian gland 

Adenoma 
Carcinoma 

O) O) O) (5) 
1 0o0%) 1 (lOO%) 3 

1 0 o o % )  
(6o%) 
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TAntJ~ H I  

S u m m a r y  of  the  Incidence of  Neoplasms in Female Mice in the 2-Year 
Chio ramimt t ed  W a t e r  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Urinary System 
Kidney 

Fibrous histiocytoma 
Renal tubule, carcinoma 

Urinary bladder 

(50) (50) (50) (50) 
I (2%) 1 (2%) 

I (2%) 
(49) (49) (49) (50) 

Systemic Lesions 
Multiple orgaus a 

Histiocytic sarcoma 
Leukemia e~ythrocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated cell 

(50) (50) (5o) (5o) 
1 (2%) 2 

1 (2%) 1 (2%) 
2 (4%) I (2%) 3 
7 (14%) 5 (10%) 4 (8%) 11 

1 (2%) 

(4%) 

(6%) 
(22%) 

Tumor Summary 
Total animals with primary neoplasms b 

Total primary neoplasms 
Total animals with benign neoplasms 

Total benign neoplasms 
Total animals with malignant neoplasms 

Total malignant neoplasms 
Total animals with secondary neoplasms c 

Total secondary neoplasms 

35 40 35 31 
73 69 57 58 
26 28 28 21 
40 36 37 29 
23 21 16 21 
33 33 20 29 
3 3 1 2 
5 3 1 2 

a The number in parentheses is the number of animals with any tissue examined microscopically. 
b Primary tumors: all tumors except metastatic tumors 
c Secondary tumors: metastatic tumors or tumors invasive to an adjacent organ 
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TABLE H 2  
I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  in  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  

Number  o f  Days  on Study 
0 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

1 5 1 1 3 6 8 8 5 5 8 8 9 9 9 9 3 3 3 3 3 3 3 3 3  
6 2 0 8 6 1 1 8 3 9 1 8 4 5 5 8 1 3 3 3 3 3 3 4 4  

Carcass  ID Number  

7 7 7 7 7 2 2 2 7 2 7 7 2 2 2 2 7 7 7 7 7 7 7 2 2  
7 8 7 8 7 4 4 5 7 6 6 6 6 6 6 5 7 7 7 7 8 8 9 5 6  

1 9 3 4 7 8 7 9 8 2 7 6 1 6 8 3 4 2 5 6 0 1 0 8 0  
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  

+ + + + + + + + + + + + + + + + + + + + + + + + + 

M +  + + + + + + + + + + + + + + + + + + + + + + + 
A +  + + + + + + + + + + + + + + + + + + + + + + + 
A + + + + + + + + + I  + + + + + + + + + +  + + + +  
A +  + +  + + + + + + + + +  + + + + + + + + + + + + 
M +  + + + + + + + + + + + + + + + + + + + + + + + 
A + + + + + + + + + + + + + + + + + + + + + + + +  
A + + + + M + + + + + + + + + + + + + + + + + + +  
A + + + + + M + + + + + + + + + + + + + +  + + + +  
A +  + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X 

X X X X 

X 

X 
+ + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + M +  + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 

Fibrous histiocytoma 
Hcmangiosarcoma 
Hepatocel lular  carcinoma 
Hcpatoccl lular  adcnoma 
Hepatocel lular  adcnoma, 

two, mult iple 
Hcpatocel lular  adcnoma, 

three, multiple 

Hcpatoccl lular  adenoma, 
four, multiple 

Hcpatoccl lular  adenoma, 
five, multiple 

Mesentery 
Chemodectoma malignant 
Hemangio~arcoma 

Pancreas 
Fibrous histiocytoma 
Hemangioma 

Salivary glands 
Stomach 
Stomach, forestomach 

Hemangioma 
Leiomyoma 

Stomach, glandular + + + + + + + + + + + + + + + + + + + + + + + + + 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel + + 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 

+:  Tissue examined microscopically 
A: Autolysis precludes examination 

M: Missing tissue 
I: Insufficient t i~ue  

X: Lesion present 
Blank: Not  examined 
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TABLE H2 
I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  

C a r c a s s  I D  N u m b e r  

2 2 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 2 2 2 2 7  
6 6 6 6 6 7 4 4 5 5 5 6 6 7 8 8 8 8 8 8 5 5 5 5 7  To ta l  

3 4 5 7 9 0 6 9 0 1 2 8 9 9 2 3 5 6 7 8 4 5 6 7 0  T ~ u ~  

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  T u m o ~  

A l i m e n t a r y  Sys t em  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Fibrous histiocytoma 
Hemangl~sarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, 

two, multiple 
Hepatocellular adenoma, 

three, multiple 
Hepatocellular adenoma, 

four, multiple 
Hepatocellular adenoma, 

free, multiple 
Mesentery 

Chemodectoma malignant 
Hemangi~sarcoma 

Pancreas 
Fibrous histiocytoma 
Hemangioma 

Saliva~ glands 
Stomach 
Stomach, forestomach 

Hemangioma 
Leiomyoma 

Stomach, glandular 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + I  + + + + + + + + + I  + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + M + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + M + + + + M + + + + + + + + + + +  + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

1 
X X X 6 

X X  X X X X X  X 13 
X 
X 

X X 3 

X 1 

X 1 

+ + + +  + +  + + 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

1 
17 
1 
1 
50 
1 
1 
49 
50 
50 
1 
1 
50 

C a r d i o v a s c u l a r  Sys t em  
Blood vessel 2 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 . Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

Number of Days on Study 
0 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

1 5 1 1 3 6 8 8 5 5 8 8 9 9 9 9 3 3 3 3 3 3 3 3 3  
6 2 0 8 6 1 1 8 3 9 1 8 4 5 5 8 1 3 3 3 3 3 3 4 4  

Ca~a.~ ID Number 

7 7 7 7 7 2 2 2 7 2 7 7 2 2 2 2 7 7 7 7 7 7 7 2 2  
7 8 7 8 7 4 4 5 7 6 6 6 6 6 6 5 7 7 7 7 8 8 9 5 6  
1 9 3 4 7 8 7 9 8 2 7 6 1 6 8 3 4 2 5 6 0 1 0 8 0  
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  

E n d o c r i n e  System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars intermedia, adenoma 

Thyroid gland 
Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + M +  + + + + + + 

M + + + + + + + + I  + + + + + + + + + + + + + + +  
X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

G e n e r a l  Body S y s t e m  
None 

Geni ta l  S y s t e m  
Ovary 

Adenoma 
Hemangioma 
Teratoma benign 

Uterus 
Leiomyosarcoma 
Sarcoma 

+ + + + + + + + + + + + + + + + + + + I + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

H e m a t o p o t e t i c  Sys t em  
Bone marrow 

Fibrous histiocytoma 
Lymph node 

Axillary, fibrosarcoma, 
metastatic, skin 

Lymph node, mandibular 
Lymph node, mesenteric 

Renal, iliac, mediastinal, 
mandibular, fibrous 
histioo/toma 

Spleen 
Fibrous histiocytoma 
Hemanglosarcoma 

Thymus 
Fibrous histiocytoma 
Thymoma benign 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + I  + + + + + + + M +  + + 
A + + +  + + + + + +  + + + +  + + +  + + +  + + + + + 

+ + + + + + + + + + + + + + + + + + + + M +  + + + 

X 
M +  + + + + M +  + + + + + + + + + + + + + + + + + 

X 
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  

C a r c a s s  I D  N u m b e r  

2 2 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 2 2 2 2 7  
6 6 6  6 6 7  4 4 5 5 5  6 6 7  8 8 8  8 8  8 5  5 5 5 7 T o n i  

3 4 5  7 9 0 6 9  0 1  2 8  9 9 2 3 5  6 7 8 4 5  6 7 0 T ~ u ~  

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  T u m o ~  

E n d o c r i n e  Sy s t em  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars intermedia, adenoma 

Thyroid gland 
Follicular cell, adenoma 

+ + + + + + + + + + + 
+ + + + + + + + + + + 
+ + + + + + + + + + + 
+ + + + + + + + + + + 

+ + + M +  + + + + + + 
+ + + + + + + + + + + 

X X  
X 

+ + + + + + + + + + + 

+ + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + 

+ + + + + + + + + + + + + M  
+ + + + + + + + + + + + + + 

X 

+ + + + + + + + + + + + + + 

X 

50 
50 
50 
50 
47 
48 
5 
1 

50 
2 

Gene ra l  Body Sys t em  
None 

Geni ta l  S y s t e m  
Ovary 

Adenoma 
Hemangioma 
Teratoma benign 

Uterus 
Leiomyosarcoma 
Sarcoma 

+ + + + + + + M + + + + + + + + + I  
X X 

X 

+ + + + I + +  

+ + + + + + + + + + + + + + + + + + + + + + + + + 

46 
2 
1 
1 

50 
1 
1 

H e m a t o p o i e t i c  Sys t em  
Bone marrow 

Fibrous histiocytoma 
Lymph node 

Axillary, fibrosarcoma, 
metastatic, skin 

Lymph node, mandibular 
Lymph node, mesenteric 

Renal, iliac, mediastinal, 
mandibular, fibrous 
histiocytoma 

Spleen 
Fibrous histiocytoma 
Hemanglmareoma 

Thymus 
Fibrous histiocytoma 
Thymoma benign 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + +  + + + + + + I  + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

50 
1 

50 

1 
46 
49 

1 
49 

1 
1 

48 
1 
1 



368 C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a te r ,  N T P  T R  392 

TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

Number of Days on Study 
0 4 5 5 5 5 5 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

1 5 1 1 3 6 8 8 5 5 8 8 9 9 9 9 3 3 3 3 3 3 3 3 3  
6 2 0 8 6 1 1 8 3 9 1 8 4 5 5 8 1 3 3 3 3 3 3 4 4  

C a r c a s s  I D  N u m b e r  

7 7 7 7 7 2 2 2 7 2 7 7 2 2 2 2 7 7 7 7 7 7 7 2 2  
7 8 7 8 7 4 4 5 7 6 6 6 6 6 6 5 7 7 7 7 8 8 9 5 6  
1 9 3 4 7 8 7 9 8 2 7 6 1 6 8 3 4 2 5 6 0 1 0 8 0  
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  

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Fibrosarcoma 
Subcutaneous tissue, sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

Muscu lo ske l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

Ostcosarcoma X 
Skeletal muscle + + 

Fibrosarcoma, metastatic, skin X 
Osteosarcoma, metastatic, bone X 

Nervous System 
Brain M +  + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic, skin 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Special  Souse s  S y s t e m  
Harderian gland 

Adenoma 

U r i n a r y  S y s t e m  
Kidney 

Fibrous histiocytoma 
Ureter  
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Sys temic  L e s i o n s  
Multiple organs 

Leukemia erythrocytic 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

X X 
X X X X  



Les ions  in Female  Mice  369  

TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  0 p p m  (continued) 

N u m b e r  o f  Days  o n  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 4 4 4 4 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  

Carea~ I D  N u m b e r  

2 2 2 2 2 2 2 2 2 2 2 7 7 7 7 7 7 7 7 7 2 2 2 2 7  
6 6 6 6 6 7  4 4 5  5 5  6 6 7 8  8 8 8  8 8 5  5 5 5 7 T o n i  

3 4 5  7 9 0 6  9 0 1  2 8 9  9 2 3 5  6 7 8 4 5  6 7 0 T ~ u ~  
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  T u m o ~  

I n t e g u m e n t a r y  Sys t em  
Mammary gland 
Skin 

Fibrosarcoma 
Subcutaneous tissue, sarcoma 

+ M + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

49 
50 
1 
1 

Mnscu loske l e t a l  Sys t em  
Bone 

Ostcosarcoma 
Skeletal muscle 

Fibrosarcoma, metastatic, skin 
Osteosarcoma, metastatic, bone 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 
2 
1 
1 

N e r v o u s  Sys t em  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 49 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic, skin 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X  X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
4 
1 
1 

1 
50 
50 

Special  S e n s e s  Sys t em  
Harderian gland 

Adenoma 

+ 

X 

U r i n a r y  S y s t e m  
Kidney 

Fibrous histiocytoma 
Ureter  
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

+ + + + + + + +  + + + + + +  + + + + + + M +  + + +  

50 
1 
1 

49 

Sys temic  Les i ons  
Multiple organs 

Leukemia erythrocytic 
Lymphoma malignant 

lymphocytic 
Lympboma malignant mixed 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 

50 
1 



370  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r ,  N T P  T R  392 

TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  ,50 ppm 

N u m b e r  o f  D a y s  o n  S t u d y  

3 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

9 4 6 7 8 9 2 3 4 6 7 7 9 1 2 3 3 3 3 3 3 3 3 3 3  
7 7 4 9 5 0 8 2 8 1 2 7 8 7 6 0 0 1 3 3 3 3 3 3 3  

C a r c a s s  I D  N u m b e r  

8 8 8 3 8 3 3 3 8 8 3 3 8 8 3 8 8 8 3 3 3 3 3 3 3  
7 7 7 5 8 6 5 6 8 8 5 6 9 9 7 8 8 8 5 5 6 6 6 7 7  

8 6 3 3 1 1 9 4 9 5 1 3 5 4 3 6 8 2 7 8 0 2 9 0 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 1  

Alimentary System 
Esophagus 
Gallbladder  
Intestine large 

Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

Fibrous histiocytoma 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Fibrous histiocytoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Mesentery 
Pancreas 

Fibrous histiocytoma 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Fibrous histiocytoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + M +  + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + M + + + + + M + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + M + + + + + + + + + A + + + + + + + I  + + + +  
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X  X X X 

X X X  
X X X X  X 

+ +  + + + 
+ ~ + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

C a r d i o v a s c u l a r  S y s t e m  
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 

+ + + +  + + +  + + + + + + +  + + + + + + + + + + + 
+ + + + + + + + +  + + +  + + + + +  + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + . +  + + + + + + + + + + + ÷ + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X  X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

G e n e r a l  Body  S y s t e m  

None 



L e s i o n s  i n  F e m a l e  M i c e  371 

T A ~ L ~  H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  5 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 4 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

C a r c a s s  ID  N u m b e r  

3 3 8 8 8 8 8 8 8 3 3 3 3 3 8 8 8 8 3 3 3 3 8 8 8  

7 7 7 7 7 7 8 8 8 7 5 5 5 5 9 9 9 9 6 6 6 6 7 7 8  T o t a l  

2 4 1 2 4 5 3 4 7 5 2 4 5 6 0 1 2 3 5 6 7 8 7 9 0 T i ~ u ~  

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  T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duddenum 

Fibrous histiocytoma 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Fibrous histiocytoma 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocellular  adenoma, 

four, multiple 
Mesentery 
Pancreas 

Fibrous histiocytoma 

Salivary g l a n ~  
Stomach 
Stomach, forestomach 
Stomach, glandular 

Fibrous histiocytoma 

+ + + + + + M +  + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + M +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + M +  + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + M +  + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 

X X X X  X 

X 

X 

X X  
+ +  + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

49 
49 
50 
47 
50 
50 
50 
46 

1 
50 
49 
50 

1 
8 

3 
10 

2 
8 

50 
1 

50 
50 
50 
50 
1 

C a r d i o v a s c u l a r  S y s t e m  
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal  gland, cortex 
Adrenal  gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 

+ + + / +  + + + + + + + + + + + + + + + + + + + + + 
+ + + , +  + + + + + + + + + + + + + + + + + + + + + 
+ + + ~ +  + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + M +  + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X  X X X 
+ + + + + + M +  + + + + + + + + + + + + + + + + + 

X 

50 
50 
50 
50 
49 
50 
11 
49 

1 

G e n e r a l  B o d y  S y s t e m  
None 



372 Chlorinated and Chloraminated Water, NTP TR 392 

TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2-Year 
Chioraminated Water Study: 50 ppm (continued) 

Number of Days on Study 
3 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

9 4 6 7 8 9 2 3 4 6 7 7 9 1 2 3 3 3 3 3 3 3 3 3 3  
7 7 4 9 5 0 8 2 8 1 2 7 8 7 6 0 0 1 3 3 3 3 3 3 3  

Carcass ID Number 

8 8 8 3 8 3 3 3 8 8 3 3 8 8 3 8 8 8 3 3 3 3 3 3 3  
7 7 7 5 8 6 5 6 8 8 5 6 9 9 7 8 8 8 5 5 6 6 6 7 7  

8 6 3 3 1 1 9 4 9 5 1 3 5 4 3 6 8 2 7 8 0 2 9 0 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 1  

G e n i t a l  S y s t e m  
Clitoral gland 

Ovary 
CCystadenoma 

Uterus  
Carcinoma 
Polyp stromal 
Sarcoma stromal 

+ 

+ + + + + + + + + + + + + + + + + + + I  + + + + + 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 

Renal, fibrous histiocytoma 
Lymph node, mandibular  
Lymph node, mesenteric 

Fibrous histiocytoma 

Spleen 
Fibrous histiocy~oma 

Thymus 
Thymoma benign 

+ + + + + + + + + + + + + + + + ÷ + + + + + + + + 
+ + + + ÷ + + + + + + + + ÷ ÷ + ÷ + + + + + + + ÷ 

X 
+ + + + + + + + + + + + + M +  ÷ + + + + + + + + ÷ 
+ + + + + + + + + + + + + + + ÷ + + + + + + + + + 

X 
+ + + + + + + + + + + ÷ + + + + + + + + + + + + + 

X 
+ + + + + + + + + + I  + + + + + ~ + + + + + + + +  

X 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Mast cell tumor benign 
Subcutaneous tissue, 

schwannoma malignant 

+ + + + ÷ + + ÷ + + + + + + + + + + + + + + + ÷ + 
+ + + + + + + + + + + + + + ÷ + + + + + + + + + + 

X X 

M u s c u l o s k e l e t a i  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  

Brain + + + + + + + + + + + + ÷ + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung 

Aiveolar/bronchiolar adcnoma 
Alveolar/bronchiolar carcinoma 
Fibrous histiocytoma 
Hepatocel lular  carcinoma, 

metastatic, liver 
Schwannoma malignant, 

metastatic, skin 
Nose 
Trachea 

X 

X 

X X 

X 



L e s i o n s  in F e m a l e  Mice 373 

TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  50  p p m  (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 4 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

C a r c a s s  ID  N u m b e r  

3 3 8 8 8 8 8 8 8 3 3 3 3 3 8 8 8 8 3 3 3 3 8 8 8  
7 7 7 7 7 7 8 8 8 7 5 5 5 5 9 9 9 9 6 6 6 6 7 7 8  Tota l  

2 4 1 2 4 5  3 4 7 5 2 4 5 6 0 1 2 3 5  6 7 8 7 9 0  T i ~ u ~  

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  T u m o m  

Geni ta l  System 
Clitoral gland 
Ovary 

Cystadenoma 
Uterus 

Carcinoma 
Polyp stromal 
Sarcoma stromal 

+ + + + + + M + + I  + + + + + + + + + + + + + M +  

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

1 
46 
1 

50 
1 
3 
1 

Hema topo i e t i c  S y s t e m  
Bone marrow 
Lymph node 

Renal, fibrous histiocytoma 
Lymph node, mandibular 
Lymph node, mesenteric 

Fibrous histiocytoma 
Spleen 

Fibrous histiocytoma 
Thymus 

Thymoma benign 

+ + + + + + + + + + + +  + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

+ + + + + + + + + + + + M + + + + + + + + + + + +  47 
1 

I n t e g u m e n t a r y  Sys t em  
Mammary gland 
Skin 

Mast cell tumor benign 
Subcutaneous tissue, 

schwannoma malignant 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 

Muscu loske l e t a l  Sys t em  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 

N e r v o u s  Sys t em  
Brain " + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  S ys t em  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carrcinoma 
Fibrous histiocytoma 
Hepatocellular carcinoma, 

metastatic, liver 
Schwannoma malignant, 

metastatic, skin 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X X 

50 
3 
2 
1 

1 
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TABI£ H2 
Individual Animal Tumor Pathology of Female Mice in the 2-Year 
Chioraminated Water Study: 50 ppm (continued) 

Number of Days on Study 
3 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
9 4 6 7 8 9 2 3 4 6 7 7 9 1 2 3 3 3 3 3 3 3 3 3 3  
7 7 4 9 5 0 8 2 8 1 2 7 8 7 6 0 0 1 3 3 3 3 3 3 3  

C a r c n ~  ID Number  

8 8 8 3 8 3 3 3 8 8 3 3 8 8 3 8 8 8 3 3 3 3 3 3 3  
7 7 7 5 8 6 5 6 8 8 5 6 9 9 7 8 8 8 5 5 6 6 6 7 7  
8 6 3 3 1 1 9 4 9 5 1 3 5 4 3 6 8 2 7 8 0 2 9 0 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 1  

Special Senses  System 
Eye 
Harderian gland 

Adenoma 

Urinary  System 
Kidney 

Fibrous histioeytoma 
Renal tubule, carcinoma 

Urina W bladder 

+ + + + + + + + + + + ÷ ÷ + + + + + + + + + + + + 

X 
X 

+ + + + M +  + + + + + + + + + + + + + + + + + + + 

Systemic Lesions  
Multiple organs 

Lymphoma malignant mixed 
Lymphoma malignant 

undifferentiated cell type 

X X 

X 
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TAnLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 . Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  50  p p m  (continued) 

N u m b e r  of  Days on  Study 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 4 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

Carcass  ID N u m b e r  

3 3 8 8 8 8 8 8 8 3 3 3 3 3 8 8 8 8 3 3 3 3 8 8 8  
7 7 7 7 7 7 8 8 8 7 5 5 5 5 9 9 9 9 6 6 6 6 7 7 8  T o n i  
2 4 1 2 4 5 3 4 7 5 2 4 5 6 0 1 2 3 5 6 7 8 7 9 0  T ~ u ~  
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  T u m o ~  

S p e d a l  Senses  System 
Eye 
Harderian gland 

Adenoma 

+ 1 
+ 1 
X 1 

Ur ina ry  System 
Kidney 

Fibrous histiocytoma 
Renal tubule, carcinoma 

Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
1 
1 

49 
Systemic Les ions  
Multiple organs 

Lymphoma malignant mixed 
Lymphoma malignant 

undifferentiated cell type 

+ ÷ + + + + + + + + + + + + + + + + + + + + + + + 

X X X 
50 

5 
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TABLE H2 
Individual Animal Tumor Pathology of Female Mice in the 2-Year 
Chloraminated Water Study: 100 ppm 

N u m b e r  o f  D a y s  o n  Study 
3 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

8 0 0 2 6 7 7 8 8 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
5 9 9 8 9 1 9 1 8 1 8 0 1 2 2 3 3 3 3 3 3 3 3 3 3  

C a r c a s s  ID  N u m b e r  

3 3 3 3 3 3 3 8 8 8 3 8 8 8 8 3 3 3 3 3 3 3 3 8 8  
3 2 3 3 3 1 2 5 4 4 2 5 3 4 5 2 2 2 2 3 3 3 4 5 5  

4 7 5 8 0 8 9 8 3 1 6 2 9 2 6 2 3 4 5 6 7 9 0 4 5  
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  

Alimentary System 
Esophagus 
Gallbladder  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Hepatocel lular  adenoma, 

three, multiple 
Hepatocel lular  adenoma, 

four, multiple 
Mesentety 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

+ + + + + + + + + + + + + + + + + + + + + M +  + + 

+ + + + + + M + + + M + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + A +  + + + + + + + + + + + + + + + + + 
+ + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 

X 
X X  X X X X  X X X X  

X 

X 
+ +  + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

C a r d i o v a s c u l a r  S y s t e m  
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Adenoma 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Carcinoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adcnoma 

Thyroid gland 
Follicular cell, adenoma 
Follicular cell, carcinoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + ~ + + + + 

X X 

+ + + + + + + + + M + + + + + + + + + + + + + + +  
+ + + + + + M + + + + + + + + + + + + + + + + + +  

X 
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  1 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 5 5 5 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 8 8 8 8  

C a r c a s s  I D  N u m b e r  

8 8 8 3 3 3 3 8 8 8 8 8 3 3 3 3 3 8 8 8 8 8 8 8 8  

5 5 6 2 3 3 3 4 4 4 4 5 1 1 1 2 2 3 3 3 4 4 4 5 5  T o t a l  

7 9 0  8 1 2  3 4 5  6 7 0 6 7 9 0 1  6 7 8 0 8 9 1  3 T ~ u ~  

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  T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatocellular  carcinoma 
Hepatocel lular  carcinoma, 

two, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 
two, multiple 

Hepatoc©llular adenoma, 
three, multiple 

Hepatocellular adenoma, 
four, multiple 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

+ + + + + + + + + M +  + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + M + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + l  + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + M +  + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X X 4 

X 2 
X X  X X X X  X X 18 

X 2 

X 1 

1 
+ + + +  + 8 

+ + + + + + + |  + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

C a r d i o v a s c u l a r  S y s t e m  
Heart  + + +  + + + + + +  + + + + + +  + +  + + + + + +  + + 50 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal gland, cortex 

Adenoma 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Carcinoma 

Parathyroid gland 
Pituita W gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 
Follicular cell, carcinoma 

÷ + ÷ ÷ + + ÷ ÷ + ÷ + + + + ÷ ÷ + ÷ + + + ÷ ÷ + + 
+ ÷ ÷ + ÷ ÷ ÷ ÷ ÷ ÷ + ÷ + ÷ ÷ + + + ÷ ÷ + ÷ + + ÷ 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + ~ +  + + + +  + + +  + + + + +  + + ~ +  

X 
+ + ÷ + ÷ + ÷ ÷ + ÷ + ÷ ÷ + ÷ + + + + ÷ + + + ÷ + 

÷ + ÷ + ÷ + M ÷  ÷ + ÷ + ÷ M ÷  + ÷ + + + ÷ ÷ ÷ ÷ + 
X X X X 

÷ ÷ ÷ + ÷ + ÷ + ÷ + + + + + + ÷ ÷ ÷ + + + + + ÷ + 

X 

5O 
5O 

1 
50 
I 
48 
2 
I 
49 
47 
4 
50 
I 
I 
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  100  p p m  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

3 5 5 6 6 6 6  

8 0 0 2 6 7 7  
5 9 9 8 9 1 9  

6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

8 8 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
1 8 1 8 0 1 2 2 3 3 3 3 3 3 3 3 3 3  

C a r c a s s  I D  N u m b e r  

3 3 3 3 3 3 3  
3 2 3 3 3 1 2  
4 7 5 8 0 8 9  
1 1 1 1 1 1 1  

8 8 8 3 8 8 8 8 3 3 3 3 3 3 3 3 8 8  
5 4 4 2 5 3 4 5 2 2 2 2 3 3 3 4 5 5  

8 3 1 6 2 9 2 6 2 3 4 5 6 7 9 0 4 5  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Gene ra l  Body S y s t e m  
None 

Geni ta l  S y s t e m  
Ovary 

Cystadenoma 
Hemangloma 

Uterus 
Carcinoma 
Histiocytic sarcoma 
Polyp stromal 

+ + + + + + + + + + + + + + + + + + + M +  + + + + 
X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, me,enteric 
Spleen 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + M + + + + + + + + + + I  + + I  + +  
+ + + + + + M +  + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + M +  + 

I n t e g u m e n t a r y  Sys t em  
Mammary gland 
Skin 

Muscu loske l e t a l  Sys t em  

+ + + + + + + + + + + + + + + + + I  + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveoiar/bronchiolar adenoma 
Aiveolar/bronchiolar carcinoma 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 

Glands, carcinoma 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

Special  S e n s e s  S y s t e m  

Harderian gland 
Carcinoma 

U r i n a r y  S y s t e m  
Kidney 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + I  + + + + + + + + + + + + + + + +  

S y s t e m i c  L e s i o n s  
Multiple organs 

Histiocytic sarcoma 
Leukemia erythrocytic 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

X 
X 

X 
X 
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  in  t h e  2 - Y e a r  

C h i o r a m i n a t e d  W a t e r  S tudy :  100 p p m  (continued) 

Number  of  Days on Study 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 5 5 5 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 8 8 8 8  

Carcass  ID Number  

8 8 8 3 3 3 3 8 8 8 8 8 3 3 3 3 3 8 8 8 8 8 8 8 8  
5 5 6 2 3 3 3 4 4 4 4 5 1 1 1 2 2 3 3 3 4 4 4 5 5  T o N  
7 9 0 8 1  2 3 4 5 6 7 0 6 7 9 0 1  6 7 8 0 8 9 I 3 T ~ u ~  
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  T u m o m  

General  Body System 
None 

Genital  System 
Ovary 

Cystadenoma 
Hemangioma 

Uterus 
Carcinoma 
Histiocytic sarcoma 
Polyp stromal 

M +  + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

48 
1 
1 

50 
1 
1 
2 

Hematopoiet ic  System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + M +  + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ M + + + + + + + + + + + + + + + + + + + M + + +  47 

In tegumentary  System 
Mammary gland 
Skin 

+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + M + + + + + + + + + + + + + + + + +  49 

Musculoskeletal  System 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Nervolm System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Respi ra tory  System 
Lung 

Alveolar/bronchiolar adenoma 
Alvcolar/bronchiolar carcinoma 
Hepatoeellular carcinoma, 

metastatic, liver 
Nose 

Glands, carcinoma 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 2 

2 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

1 
50 
1 

50 
Special Senses  System 
Harderian gland 

Carcinoma 
+ 1 
X 1 

Urinary  System 
Kidney 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
49 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Leukemia erythrocytic 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 
1 

1 
X X X 4 
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  in  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S tudy:  2 0 0  p p m  

Number  of  Days  on Study 
0 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

6 7 4 6 7 9 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 9 7 1 5 1 8 2 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 6  

C a r c a s s  I D  N u m b e r  

2 2 8 8 8 8 2 2 8 8 8 8 8 8 2 2 2 2 2 3 3 3 3 3 2  
8 9 1 0 0 2 9 9 1 2 2 2 2 2 8 8 9 9 9 0 0 0 0 0 9  
8 2 5 8 9 3 6 7 9 0 1 2 4 5 7 9 0 1 9 0 1 2 3 4 3  
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  

A l i m e n t a r y  S y s t e m  
E s o p h a g u s  
G a l l b l a d d e r  
In tes t ine  la rge  
In tes t ine  large,  c e c u m  
In tes t ine  large,  co lon  
In tes t ine  large,  r e c t u m  
In tes t ine  smal l  
In tes t ine  small ,  d u o d e n u m  
In tes t ine  small ,  i l eum 

His t iocy t ic  s a r coma  
In tes t ine  small ,  j e j u n u m  
Liver  

F ib rous  h i s t iocy toma 
H e p a t o c e l l u l a r  c a r c inoma  
H e p a t o c e l i n l a r  a d e n o m a  
H e p a t o c e l l u l a r  adenoma ,  

two, mul t ip l e  
His t iocy t ic  sa rcoma,  me ta s t a t i c  

M e s e n t e r y  
Panc reas  
Sa l ivaw glands  
S tomach  
Stomach,  fo res tomach  

Stomach,  g l andu la r  
T o o t h  

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + A +  + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

A + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + M + + + A + + + + + + + + + + + + M + + + +  
+ + + + + + + A +  + + + + + + + + + + + + + + + + 
+ + + + + + + A +  + + + + + + + + + + + + + + + + 
A +  + + + + + A + + + +  + +  + + +  + + +  + +  + +  + 

A + + +  + +  + A +  + +  + + + +  + + + +  + + + +  + + 
+ + + + + + + + + + + + +  + + + + + + + + + + + + 

X X 
X X  X X 

X 
+ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + +  + + + +  + + +  + + + +  + 

+ + + + + + + + + + + + + M +  + + + + + + + + + + 
+ + + + + + + + + + + + + M +  + + + + + + + + + + 
+ + + + + + + + + + + + + M +  + + + + + + + + + + 
+ 

C a r d i o v a s c u l a r  S y s t e m  
Blood  vessel  
H e a r t  + + 

+ 
+ + + + + + + + + + + + + + + + + + + + + + + 

Endocrine System 
A d r e n a l  g land  + + + + + + + + + + + + + + + + + + + + + + + + + 
A d r e n a l  gland,  cor tex  + + + + + + + + + + + + + + + + + + + + + + + + + 

Capsule ,  a d e n o m a  X 
A d r e n a l  gland,  medu l l a  + + + + + + + + + + + + + + + + + + + + + + + + + 

P h e o c h r o m o c y t o m a  ben ign  
Islets ,  panc rea t i c  + + + + + + + + + + + + + + + + + + + + + + + + + 

AAenoma  X 
Para thyro id  g land  + + + + + + + M + + + + + + + + + + + + + + + + + 
P i t u i t m y g l a n d  + + + + + + + + + + + + + + + + + + + + + + + + + 

Pars  distalis ,  a d e n o m a  
Pars  distalis ,  c a r c inoma  

Thyro id  g land  + + + + + + + M + + + + + + + + + + + + + + + + + 

G e n e r a l  B o d y  S y s t e m  
N o n e  
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8  

Carenx~  I D  N u m b e r  

2 2 2 3 8 8 8 2 2 2 2 2 2 8 8 8 8 8 8 8 8 8 8 8 8  

9 9 9 0 1 1 1 8 8 8 8 8 8 0 1 1 1 1 1 0 0 0 0 0 0  T o t a l  

4 5 8 5 0 1 2 1 2 3 4 5 6 7 3 4 6 7 8 1 2 3 4 5 6 T ~ u ~  

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 T u m o r  

A l i m e n t a r y  S y s t e m  

Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Histiocytic sarcoma 
Intestine small, jejunum 
Liver 

Fibrous histiocytoma 
Hepatocel lular  carcinoma 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, 

two, multiple 
Histiocytic sarcoma, metastatic 

Mesentery 
Pancreas 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tooth 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + + M + + + + + + + + + + + + + + + + + +  47 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

X 1 
X 3 

X X  X X  X X  X 11 

X X 

+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + ' +  + + 

2 
1 
2 

50 
50 
49 
49 
49 
1 

C a r d i o v a s c u l a r  S y s t e m  
Blood ve~e l  
Heart  

+ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

2 
50 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal gland, cortex 

Capsule, adenoma 
Adrenal  gland, medulla 

pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Pars distalis, carcinoma 

Thyroid gland 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + +  + + + + + +  + + + + + +  + + + + + + 

+ + + + + + + + + + + M +  + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
50 

1 
50 
1 

50 
1 

48 
50 
2 
1 

49 

G e n e r a l  B o d y  S y s t e m  
None 
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  200 ppm (continued) 

N u m b e r  o f  D a y s  o n  S tudy  

0 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

6 7 4 6 7 9 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 9 7 1 5 1 8 2 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 6  

Carcass ID Number 

2 2 8 8 8 8 2 2 8 8 8 8 8 8 2 2 2 2 2 3 3 3 3 3 2  
8 9 1 0 0 2 9 9 1 2 2 2 2 2 8 8 9 9 9 0 0 0 0 0 9  

8 2 5 8 9 3 6 7 9 0 1 2 4 5 7 9 0 1 9 0 1 2 3 4 3  
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  

Gen i t a l  S y s t e m  
Ovary 

Adenoma 
Cystadenoma 

Uterus 
Hemangiosarcoma 
Histiocytic sarcoma 
Polyp stromal 

+ + + + + + + I  + + + + + + + + + + + l  + + + + +  
X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow 

Fibrous histiocytoma 
Hemangiosarcoma 

Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Fibrous histiooytoma 
Hemangioma 
Hemangiosarcoma 

Thymus 
Thymoma benign 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + M M + + + M + + + + + + + + + + +  + M + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + M +  + + + + + + + + + + + + + + + + + + + M  

X 
I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Subcutaneous tissue, sarcoma 
Subcutaneous tissue, 

schwannoma malignant 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + I  + + + + + + + + + + 
X 

Muscu lo sk e l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 
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TABLE H 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  

C h l o r a m i n a t e d  W a t e r  S t u d y :  2 0 0  p p m  (continued) 

N u m b e r  o f  D a y s  on  S t u d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8  

C a r c a s s  I D  N u m b e r  

2 2 2 3 8 8 8 2 2 2 2 2 2 8 8 8 8 8 8 8 8 8 8 8 8  

9 9 9 0 1 1 1 8 8 8 8 8 8 0 1 1 1 1 1 0 0 0 0 0 0  T o t a l  

4 5 8 5 0 1 2 1 2 3 4 5  6 7 3 4 6 7 8 1 2 3 4 5 6  ~ u ~  

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  T u m o ~  

G e n i t a l  S y s t e m  

Ovary + + M + + + + + + + + + + + + + + + + + + + + + + 47 
Adenoma 1 
Cystadenoma 1 

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Hemanglosarcoma 1 
Histiocytic sarcoma X 2 
Polyp stromal X 1 

H e m a t o p o i e t i c  S y s t e m  
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Fibrous histiocytoma X 1 
Hemanglosarcoma 1 

Lymph node + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lymph node, mandibular  + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lymph node, mesenteric + + + + + + + + + + + + + + + + + + + + + + + + + 46 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Fibrous histiocytoma X 1 
Hemangloma X 1 
Hemanglmarcoma 1 

Thymus + + + M M  + + + + + + + + M M  + + + + + + + + M + 43 
Thymoma benign 1 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Skin + + + + + + ÷ + + + + + + + + l + + + + + + + + + 48 

Subcutaneous tissue, sarcoma 1 
Subcutaneous tissue, 

schwannoma malignant X 

M u s c u l o s l c e l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 50 
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TABLE H2 
Individual Animal Tumor  Pathology of  Female Mice in the 2-Year 
Chioraminated Water Study: 200 ppm (continued) 

N u m b e r  o f  D a y s  on  S tudy  

0 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

6 7 4 6 7 9 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 9 7 1 5 1 8 2 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 6  

C a r c a s s  I D  N u m b e r  

2 2 8 8 8 8 2 2 8 8 8 8 8 8 2 2 2 2 2 3 3 3 3 3 2  
8 9 1 0 0 2 9 9 1 2 2 2 2 2 8 8 9 9 9 0 0 0 0 0 9  

8 2 5 8 9 3 6 7 9 0 1 2 4 5 7 9 0 1 9 0 1 2 3 4 3  
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  

Nervous System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, 

two, multiple 
Fibrous histiocytoma 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + M +  + + + + + + + + + + + + + + + + 

Special  S e n s e s  S y s t e m  
Ear 
Harderian gland 

Adenoma 

÷ + 

X X 

U r i n a r y  S y s t e m  
Kidn~  
Urinary bladder 

+ + ÷ + + + + + + + + + + + + + + + + + + + + + ÷ 
+ + + + ÷ + + + + + + + + + + + + + + + + + + + ÷ 

Sys temic  L es i ons  
Multiple organs 

Histiocy~ic sarcoma 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

+ + + + + + + + + ÷ + + + + + + + + + + ÷ + + + + 

X 

X X  X 
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TASL~ H2 
I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2-Year 
Chloraminated Water Study: 200 ppm (continued) 

N u m b e r  o f  D a y s  on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8  

Carcass ID Number 

2 2 2 3 8 8 8 2 2 2 2 2 2 8 8 8 8 8 8 8 8 8 8 8 8  
9 9 9 0 1 1 1 8 8 8 8 8 8 0 1 1 1 1 1 0 0 0 0 0 0  T o ~ !  

4 5 8 5 0 1 2 1 2 3 4 5 6 7 3 4 6 7 8 1 2 3 4 5 6  T ~ u ~  

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  T u m o r  

Nervous System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolarfaronchiolar adenoma, 

two, multiple 
Fibrous histioeytoma 
Hepatocellular carcinoma, 

metastatic, liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 2 

1 
X 1 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ 

1 
50 
49 

Special  S e n s e s  Sys t em  
Ear 
Harderian gland 

Adenoma 

+ + + 

X 

U r i n a r y  S y s t e m  
Kidney 
Urinary bladder 

÷ ~ ÷ ~ ~ ~ ~ ÷ ~ ~ ~ ~ ~ ÷ ÷ ÷ ÷ + ÷ ~ ~ ~ ~ ÷ ÷ 
~ ÷ ÷ ~ ~ ÷ ~ ÷ ÷ ~ ÷ ÷ ~ ~ ~ ÷ ~ ÷ ÷ ÷ ÷ ~ ÷ ÷ + 

50 
50 

Sys temic  Les i ons  
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant 

lymphocytic 
Lymphoma malignant mixed 

÷ ~ ~ ~ ~ ~ ~ ~ ÷ ÷ ~ ÷ • ~ ~ • ~ ~ • ~ ÷ ÷ ~ ~ ÷ 

X 

X X X 
X X X X  X X X  X 

50 
2 

3 
11 
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TAmE H3 
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year 
Chioraminated Water Study 

0 ppm SO ppm 100 ppm 200 ppm 

Harderian Gland: Adenoma 
Overall rates a 
Adjusted rates b 
Terminal rates c 
First inci0ence ~(days) 
Life table tests u 
Logistic regression tests d 
Cochran-Armita~e test d 
Fisher exact test u 

Harder tan  Gland: Adenoma or  Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Liver:. Hepatocellular Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Liver: Hepatocel lu lar  Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/50 (2%) 1/50 (2%) 0/50 (0%) 3/50 (6%) 
3.0% 3.1% 0.0% 6.9% 
1/33 (3%) 1/32 (3%) 0/35 (0%) 2/42 (5%) 
733 ('1") 733 (T) _e 698 
P =0.227 P =0.755 P--0.488N P =0.394 
P=0.194 P=0.755 P=0.488N P=0.350 
P=0.160 

P =0.753N P = 0.500N P =0.309 

1/50 (2%) 1/50 (2%) 1/50 (2%) 3/50 (6%) 
3.0% 3.1% 2.9% 6.9% 
1/33 (3%) 1/32 (3%) 1/35 (3%) 2/42 (5%) 
733 (T) 733 (T) 733 (T) 698 
P=0.238 P=0.755 P=0.749N P=0.394 
P = 0.204 P = 0.755 P = 0.749N P = 0.350 
P=0.163 

P=0,753N P=0.753N P=0,309 

19/50 (38%) 14/50 (28%) 22/50 (44%) 13/50 (26%) 
53.8% 40.9% 51.9% 29.4% 
17/33 (52%) 12732 (38%) 15/35 (43%) 11/42 (26%) 
561 717 628 675 
P--0.044N P=0.211N P =0.454 P =0.032N 
P=0.090N P=0.157N P=0.471 P=0.065N 
P=0.210N 

P = 0.] 98N P = 0.342 P = 0.142N 

6/50 (12%) 11/50 (22%) 6/50 (12%) 3/50 (6%) 
17.2% 26.6% 15.4% 6.9% 
5/33 (15%) 4/32 (13%) 4/35 (11%) 2/42 (5%) 
659 585 385 691 
P=0.044N P=0.160 P=0.570N P=0.150N 
P=0.093N P=0.148 P=0.619N P=0.195N 
P=0.088N 

P=0.143 P =0.620N P =0.243N 

Liver:. Hepatocel lular  Adenoma or  Hepatocel lular  Carcinoma 
Overall rates 20150 (40%) 21/50 (42%) 24/50 (48%) 15/50 (30%) 
Adjusted rates 54.9% 52.8% 55.2% 34.0% 
Terminal rates 17/33 (52%) 14/32 (44%) 16/35 (46%) 13/42 (31%) 
First incidence (days) 561 585 385 675 
Life table tests P=0.031N P-0.477 P=0.389 P=0.049N 
Logistic regre~ion tests P=0.111N P=0.549 P=0.343 P=0.104N 
Cochran-Annitage test P=0.165N 
Fisher exact test P=0.500 P=0.273 Pffi0.201N 
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TAttLE H3 
Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year 
Chloraminated Water Study (continued) 

0 ppm ~0 ppm 100 ppm 200 ppm 

Lung: Aiveolar/bronchiolar Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

4/50 (8%) 3/50 (6%) 2/50 (4%) 3/50 (6%) 
10.9~ 9.4% 5.7% 7.0% 
3/33 (9%) 3/32 (9%) 2/35 (6%) 2/42 (5%) 
452 733 (T) 733 (T) 732 
P=0.301N Pf0.514N P=0.315N Pf0.388N 
P=0.402N Pffi0.498N P=0.347N Pf0.505N 
P--0.420N 

P = 0.500N P = 0.339N P = 0.500N 

Lung: Alveolar/bronchiolar Adenoma or Alveolar/bronchiolar Carcinoma 
Overall rates 5/50 (10%) 5/50 (10%) 3/50 (6%) 3/50 (6%) 
Adjusted rates 13.9% 15.6% 8.6% 7.0% 
Terminal rates 4/33 (12%) 5/32 (16%) 3/35 (9%) 2/42 (5%) 
First incidence (days) 452 733 (T) 733 (T) 732 
Life table tests Pffi0.141N P=0.614 P=0.328N P=0.249N 
Logistic regression tests P=0.208N P=0.618N P=0.352N Pf0.354N 
CCochran-Armitage test P =0.240N 
Fisher exact test P=0.630N P=0.357N P=0.357N 

Pancreat ic  Islets: Adenoma or Carcinoma 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/33 (0%) 
First incidence (days) - 
Life table tests P=0.299 
Logistic regression tests P=0.238 
Cochran-Armitage test P=0.247 
Fisher exact test 

0•50 (0%) 
0.0% 
0/32 (0%) 
- -  

- -  

- -  

Pituitary Gland (Pars Distalis): Adenoma 
Overall rates 5/48 (10%) 
AdJusted rates 14.6% 
Terminal rates 4/33 (12%) 
First incidence (days) 698 
Life table tests Pf0.023N 
Logistic regression tests P=0.041N 
Cochran-Armitage test Pf0.050N 
Fisher exact test 

11/50 (22%) 
29.8% 
7/32 (22%) 
397 
P=0.090 
Pffi0.102 

P=0.100 

Pituitary Gland (Pars Distalis): Adenoma or Carcinoma 

3/48 (6%) 
7.4% 
1/33 (3%) 
669 
P=0.137 
P=0.112 

P=0.114 

4/47 (9%) 
12.1% 
4/333 (12%) 
733 (T) 
P=0.489N 
P=0.452N 

P=0.514N 

1/50 (2%) 
2.1% 
0/42 (0%) 
647 
P=0.527 
P=0.485 

P=0.500 

2/50 (4%) 
4.8% 
2/42 (5%) 
733 (T) 
P--0.133N 
Pffi0.152N 

Pf0.201N 

Overall rates 5/48 (10%) 11/50 (22%) 4/47 (9%) 3/50 (6%) 
Adjusted rates 14.6% 29.8% 12.1% 7.1% 
Terminal rates 4/'33 (12%) 7/32 (22%) 4/33 (12%) 3/42 (7%) 
First incidence (days) 698 397 733 (T) 733 (T) 
Life table tests P=0.050N P=0.090 P=0.489N P=0.235N 
Logistic regression tests P=0.083N P=0.102 P=0.452N P=0.263N 
Cochran-Armitage test P=0.100N 
Fisher exact test P=0.100 P--0.514N Pffi0.335N 
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TASLE H3 

Sta t is t ica l  Analys is  o f  P r i m a r y  Neop lasms  in Fema le  Mice  in the  2-Year  
C h l o r a m i n a t e d  W a t e r  S tudy (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

Uterus: Stromal Polyp 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Uterus: Stromal Polyp or Stromal Sarcoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs: Hemangioma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

All Organs: Hemangiosarcoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0/50 (0%) 3/50 (6%) 2/50 (4%) 1/50 (2%) 
0.0% 8.5% 5.4% 2.4% 
0/33 (0%) 2/32 (6%) 1/35 (3%) 1/42 (2%) 
- 648 731 733 (T) 
Pffi0.573N Pffi0.119 P=0.259 P=0.548 
P=0.588 P=0.124 P=0.270 Pffi0.548 
P •0.556 

Pffi0.121 P=0.~7 Pffi0.5~ 

0/50 (0%) 4/50 (8%) 2/50 (4%) 1/50 (2%) 
0.0% 10.7% 5.4% 2.4% 
0/33 (0%) 2/32 (6%) 1/35 (3%) 1/42 (2%) 
- 648 731 733 (T) 
P=0.483N Pffi0.065 Pffi0.259 P-0.548 
P =0.563N P =0,063 P =0.270 P •0.548 
P =0.577N 

P=0.059 P=0.247 P=0.500 

3/50 (6%) 0/50 (0%) 1/50 (2%) 1/50 (2%) 
9.1% 0.0% 2.9% 2.4% 
3/33 (9%) 0/32 (0%) 1/35 (3%) 1/42 (2%) 
733 (T) - 733 (T) 733 (T) 
P=0.228N P=0.126N P=0.284N P=0.223N 
Pffi0.228N Pffi0.126N P--0.284N P--0.223N 
P=0.296N 

Pf0.121N Pf0.309N Pffi0.309N 

All Organs: Hemangioma or Hemangiosarcoma 
Overall rates 5•50 (10%) 0/50 (0%) 1/50 (2%) 2/50 (4%) 
Adjusted rates 15,2% 0.0% 2.9% 4.5% 
Terminal rates 5/33 (15%) 0/32 (0%) 1/35 (3%) 1142 (2%) 
First incidence (days) 733 (T) - 733 (T) 675 
Life table tests P=0.163N P=0.035N Pffi0.089N Pffi0.137N 
Logistic regression tests P=0.186N Pf0.035N P=0.089N Pf0.164N 
Cochran-Armitage test P =0.232N 
Fisher exact test Pffi0.028N Pffi0.102N Pffi0.218N 

3150 (6%) 0/50 (0%) 0/50 (0%) 1/50 (2%) 
9.1% 0.0% 0.0% 2.2% 
3/33 (9%) 0/32 (0%) 0/35 (0%) 0/42 (0%) 
733 (T) - - 675 
P=0.200N Pffi0.126N Pffi0.110N Pffi0.234N 
P=0.226N Pffi0.126N P=0.110N P--0.273N 
P=0.247N 

P=0.121N P=0.121N P=0.309N 
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T A n K  H3 
Stat is t ical  Analys is  of P r i m a r y  Neoplasms in  Female  Mice in  the  2.Year  
Ch io r amina t ed  W a t e r  Study (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

All Organs: Hlstiocytic Sarcoma or Malignant Lymphoma 
Overall rates 9/50 (18%) 6/50 (12%) 6/50 (12%) 16/50 (32%) 
Adjusted rates 23.2% 17.2% 16.3% 38.1% 
Terminal rates 5/33 (15%) 4/32 (13%) 5/35 (14%) 16/42 (38%) 
First incidence (days) 452 698 681 733 ~ 
Life table tests P=0.094 P=0.302N P=0.250N P=0.229 
Logistic regression tests P=0.036 P=0.276N P=0.278N P=0.109 
Cochran-Annitage test P=0.023 
Fisher exact test P=0.288H P=0.288N P=0.083 

All Organs: Malignant Lymphoma (Lymphocytic, Mixed, or Undifferentiated Cell Type) 
Overall rates 9/50 (18%) 6/50 (12%) 5/50 (10%) 14/50 (28%) 
Adjusted rates 23.2% 17.2% 13.5% 33.3% 
Terminal rates 5/33 (15%) 4/32 (13%) 4/35 (11%) 14/42 (33%) 
First incidence (days) 452 698 681 733 (I)  
Life table tests P--0.203 P--0.302N Pffi0.168N Pffi0.364 
Logistic regression tests P=0.099 P=0.276N P f0.189N P=0.207 
Cochran-Armitage test P=0.072 
Fisher exact test P=0.288N P=0.194N P=0.171 

All Organs: Benign Tumors 
Overall rates 26/50 (52%) 
Adjusted rates 69.8% 
Terminal rates 22/33 (67%) 
First incidence (days) 452 
Life table tests P=0.014N 
Logistic regression tests P=0.065N 
Cochran-Annitage test Pf0.141N 
F'mher exact test 

28/50 (56%) 28/50 (56%) 21/50 (42%) 
71.3% 64.8% 44.7% 
21/32 (66%) 20/35 (57%) 16/42 (38%) 
397 628 647 
P=0.387 P =0.562 P--0.039N 
P=0.481 P=0.567 P=0.124N 

P=0.421 P=0.421 P=0.212N 

All Organs: Malignant Tumors 
Overall rates 23/50 (46%) 
Adjusted rates 54.2% 
Terminal rates 14/33 (42%) 
First incidence (days) 452 
Life table tests P=0.111N 
Logistic regression tests P=0.321N 
Cochran-Armitage test P=0.357N 
F'mher exact test 

21/50 (42%) 16/50 (32%) 21/50 (42%) 
48.1% 39.0% 47.6% 
10/32 (31%) 11/35 (31%) 19/42 (45%) 
579 385 675 
P=0.441N P=0.089N P--0.145N 
P=0.400N P=0.097N P=0.336N 

P=0.420N P =0.109N P =0.420N 

All Organs: Benign and Malignant Tumors 
Overall rates 35/50 (70%) 
Adjusted rates 83.1% 
Terminal rates 26/33 (79%) 
First incidence (days) 452 
Life table tests P=0.006N 
Logistic regression tests P=0.055N 
Cochran-Armitage test P=0.109N 
Fisher exact test 

40/50 (80%) 35/50 (70%) 31/50 (62%) 
86.8% 75.9% 65.9% 
26/32 (81%) 24/35 (69%) 26/42 (62%) 
397 385 647 
P=0.220 P=0.400N P=0.029N 
P=0.230 P=0.451N P=0.114N 

P=0.178 P=0.586N P=0.263N 
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TABLE H 3  
S ta t i s t i ca l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  F e m a l e  Mice  i n  t he  2 -Year  
C h i o r a m l n a t e d  W a t e r  S t u d y  (continued) 

ST)Terminal sacrifice 
Number of tumor-bearing animals/number of animals examined. Denominator is number of animals examined microscopically 
for adrenal gland, bone marrow, brain, clitoral gland, epididymls, gallbladder (mouse), heart, kidney, larynx, liver, lung, nose, 
ovary, pancreas, parathyroid gland, pituitary gland, preputial gland, prostate gland, salivary gland, spleen, testes, thyroid gland, 
and urinary bladder;, for other tissues, denominator is number of animals necropaied. 

b Kaplan-Meier estimated tumor incidence at the end of the study after adjustment for intercurrent mortality 
c Observed incidence at terminal kill 
d Beneath the ~0 ppm" column are the P values associated with the trend test. Beneath the dose group columns are the P values 

corresponding to pairwise comparisons between the controls and that dose group. The life table analysis regards tumors in 
animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regression tests regard these 
lesions as nonfatal. The Cochran-Armitage and Fisher Exact tests compare directly the overall incidence rates. For all tests, a 
negative trend or a lower incidence in a dose group is indicated by N. 

e Not applicable; no tumors in animal group 
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TAaLE H4 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice 
in the 2-Year Chloraminated Water Study 

0 ppm $0 ppm 10~ ppm 200 ppm 

Disposition Summary 
Animals initially in study 
15-week interim evaluation 
66-week interim evaluation 
Early deaths 

Natural death 
Moribund 
Accidental death 

Survivors 
Termhud mcrifice 

Animals examined microscopically 

70 70 
10 10 
10 10 

3 3 
13 14 

1 1 

33 32 

50 50 

70 70 
10 10 
10 10 

6 3 
9 5 

35 42 

50 50 

Alimentary System 
Gallbladder (47) (49) 

cyst 3 (6%) 
Dilatation 

Intestine large, cecum (47) (47) 
Edema 2 (4%) 

Intestine small, ileum (48) (50) 
Artery, jejunum, necrosis, fibrinoid 1 (2%) 

Liver (50) (50) 
Angiectasis 
Basophilic focus 2 (4%) 3 
Clear cell focus 1 (2%) 2 
Hematopoietic cell proliferation 5 (10%) 4 
Hemorrhage 
Hyperplasla, focal 12 (24%) 11 
Hype~plasla, lymphoid 6 (12%) 2 
Inflammation, chronic 1 
Inflammation, subacute 2 (4%) 3 
Mineralization 1 (2%) 
Mixed cell focus 1 (2%) 
Artery, necrosis, fibrinoid 1 (2%) 
Centrilobular, necrosis 1 
Hepatocyte, ~ryomegaly 1 (2%) 1 
Hepatocyte, vacuolization cytoplasmic 2 (4%) 3 
Kupfferr cell, hyperplasia 1 (2%) 1 
Kupffer cell, pigmentation 1 (2%) 
Lobules, necrosis 6 (12%) 4 

Mesentery (17) (8) 
Accessory spleen 
Edema 1 (6%) 
Artery, necrosis, fibrinoid 1 (6%) 
Fat, inflammation, suppurative 1 (6%) 
Fat, necrosis 14 (82%) 6 

(6%) 
(4%) 
(s%) 

(22%) 
(4%) 
(2%) 
(6%) 

(2%) 
(2%) 
(6%) 
(2%) 

(8%) 

(75%) 

(48) 

1 (2%) 
(50) 

(49) 

(50) 
1 (2%) 
7 (14%) 
1 (2%) 

1 (2%) 
9 (18%) 
4 (8%) 
1 (2%) 
7 (14%) 

10 
(s) 

(2%) 
(2%) 

(2o%) 

(75%) 

(49) 

(49) 

(47) 

(5O) 

2 
1 
4 

(2) 
1 

(4%) 

(16%) 
(18%) 
(6%) 
(4%) 

(2%) 

(4%) 
(2%) 
(8%) 

(5o%) 

(50%) 
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TA~L~ H4 
Summary of  the Incidence of  Nonneoplast ic  Lesions in Female Mice 
in the 2-Year Chloraminated Water Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Alimentary System (continued) 
Pancreas 

Atrophy 
cyst 
Cytoplasmic alteration 
Focal cellular change 
Hypexplasia, lymphoid 
Inflammation, subacut¢ 

Salivary glands 
Hyperplasia, lymphoid 
Necrosis 
Acinus, hyperplasia, cystic 

Stomach, forestomach 
Cyst 
Diverticulum 
Edema 
Fibrosis 
Inflammation, subacut¢ 
Inflammation, suppurative 
Ulcer 
Mucosa, hyperplasia 

Stomach, glandular 
cyst 
Edema 
Ermion 
Inflammation, subacute 
Metaplasia, squamous 
Mineralization 
Mucosa, hypegplasia 

(50) (50) (49) (so) 
3 (6%) t (2%) 2 (4%) 2 (4%) 

1 (2%) 1 (2%) 
2 (4%) 2 (4%) 5 (10%) 1 (2%) 
1 (2%) t (2%) 
8 (16%) 9 (18%) 5 (10%) 2 (4%) 
1 (2%) 

(49) (50) (50) (5o) 
18 (37%) 15 (30%) 22 (44%) 14 (28%) 

1 (2%) 
1 (2%) 

(50) (50) (50) (49) 
1 (2%) 
1 (2%) 2 (4%) 
1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) i (2%) 
1 (2%) 
2 (4%) 6 (12%) 2 (4%) 

(50) (5o) (5o) (49) 
7 (14%) s (16%) 7 (14%) 8 (16%) 
2 (4%) 1 (2%) 1 (2%) 
1 (2%) 1 (2%) 
2 (4%) 1 (2%) 3 (6%) 

1 (2%) 
1 (2%) 

1 (2%) 1 (2%) 

Cardiovascular System 
Blood vessel 

Hypertrophy 
Inflammation, chronic 
Necrosis, fibrinoid 
Thrombus 

Heart 
Myocardium, inflammation, chronic 
Myocardium, inflammation, subacute 
Myoeardium, mineralization 

1 (50%) 
i (50%) 

(50) 

i (2%) 
1 (2%) 

(2) 
2 (100%) 
1 (50%) 

(50) (5o) (5o) 
1 (2%) 

Endocrine System 
Adrenal gland, cortex 

Accessory adrenal cortical nodule 
Ba~ophilic focus 
Clear cell focus 
cyst 
Hyperplasia, focal 
Capsule, hyperplasia 
X-zone, degeneration, fatty 
Zona reticularis, proliferation 

(5o) 
lO (2o%) 
3 (6%) 
1 (2%) 

2 (4%) 
2 (4%) 

(so) 
10 (~0%) 

2 (4%) 

2 (4%) 
1 (2%) 

(50) 
9 (18%) 
1 (2%) 

1 (2%) 
5 (lO%) 
i (2%) 
1 (2%) 

(50) 
15 (30%) 
1 (2%) 
i (2%) 
2 (4%) 

i (2%) 
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TABLE H 4  
S u m m a r y  of  the  Inc idence  of  Nonneoplas t ic  Les ions  in F e m a l e  Mice  
in the  2-Year  C h i o r a m i n a t e d  W a t e r  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Endocrine System (continued) 
Adrenal gland, medulla (50) (50) (50) 

Hyperplasia 1 (2%) 1 (2%) 2 
Islets, pancreatic (50) (50) (48) 

Cyst 1 
Hyperplasia 3 (6%) 8 (16%) 6 
Hyperplasia, lymphoid 1 (2%) 1 

Parathyroid gland (47) (49) (49) 
Cyst 1 (2%) 1 
Ectopic thymus 2 
Hyperplasia 1 (2%) 1 

Pituitary gland (48) (50) (47) 
Pars distalis, anglectasis 3 (6%) 3 (6%) 4 
Pars distalis, cyst 1 (2%) 2 
Pars distalis, hyperplasia 8 (17%) 6 (12%) 7 
Pars distalis, hyperpiasia, focal 1 (2%) 

Thyroid gland (50) (49) (50) 
Degeneratio~,'cystic 24 (48%) 26 (53%) 23 
Ectopic thymus 1 
Hyperplasia, lymphoid 3 (6%) 
Inflammation; subaCute 2 (4%) 3 (6%) 3 
Follicle, cyst 3 (6%) 1 
Follicular cell, hyperpiasia 12 (24%) 10 (20%) 10 
Follicular cell, hyperplasia, diffuse 1 
Follicular cell, hyperplasia, focal 1 

General Body System 
None 

Genital System 
Clitoral gland 

Ectasia 
Ovary 

Anglectasis 
cyst 
Hyperplasia 
Artery, necrosis, fibrinoid 
Interstitial cell, hyperplasia 

Uterus 
Anglectasis 
Granuloma 
Hemorrhage 
Hydrometra 
Hyperplasia, cystic 
Hyperplasia, lymphoid 
Inflammation, suppurative 
Metaplasia, sqnamous 

(46) 
11 (24%) 
12 (26%) 
I (2%) 
I (2%) 

(50) 
5 (lO%) 

18 (36%) 
49 (98%) 

1 (2%) 
1 (2%) 
1 (2%) 

(1) 
1 (100%) 

(46) 
13 (28%) 
11 (24%) 

(5o) 
4 (8%) 

13 (26%) 
49 (9s%) 
2 (4%) 
2 (4%) 
2 (4%) 

(4%) 

(2%) 
(13%) 
(2%) 

(2%) 
(4%) 
(2%) 

(9%) 
(4%) 
(15%) 

(46%) 
(2%) 

(6%) 
(2%) 
(2o%) 
(2%) 
(2%) 

(50) 

(50) 

5 

(48) 

1 

(50) 
1 
1 
7 

(49) 
17 

(lO%) 

(2%) 

(2%) 
(2%) 
(14%) 

(35%) 

(2%) 
(6%) 
(18%) 

(48) 
10 
17 

(21%) 
(35%) 

(47) 
15 
17 

(32%) 
(36%) 

1 

5 
1 

16 
46 
2 
3 
1 

(2%) 

(lO%) 
(2%) 

(32%) 
(92%) 
(4%) 
(6%) 
(2%) 

(50) 
4 

1 
14 
46 

(8%) 

(2%) 
(28%) 
(~%) 
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TABLE H4 
Summary  of the Incidence of Nonneoplastic Lesions in Female Mice 
in the 2-Year Chloraminated Water  Study (continued) 

0 ppm 50 ppm 100 ppm 204) ppm 

Hematopoletic System 
Bone marrow (50) (50) (50) 

Hypercellnlarity 7 (14%) 6 (12%) 2 (4%) 
Lymph node (50) (50) (50) 

Artery, necrosis, fibrinoid 1 (2%) 
Iiiac, angiectasis 2 (4%) 
Iliac, hyperplasia, lymphoid I (2%) 
Iliac, hyperplasia, plasma cell 2 (4%) 
Mediastinal, hyperplasia, lymphoid 1 (2%) 
Renal, hyperplasia, lymphoid 
Renal, hyperplasia, plasma cell 1 (2%) 

Lymph node, mandibular (46) (49) (47) 
Hemorrhage 1 (2%) 
Hypcrplasia, lymphoid 5 (11%) 4 (8%) 1 (2%) 
Hyperplasia, plasma cell 1 (2%) 

Lymph node, mesenteric (49) (50) (48) 
Depletion 1 (2%) 
Hematopoietic cell proliferation 2 (4%) 1 (2%) 
Hemorrhage 2 (4%) 3 (6%) 1 (2%) 
Hyperplasia, lymphoid 4 (8%) 3 (6%) 
Hyperplasia, plasma cell 2 (4%) 

Spleen (49) (50) (50) 
Angiectasis 1 (2%) 
Congestion 
Hematopoietic cell proliferation 21 (43%) 19 (38%) 13 (26%) 
Hemorrhage 1 (2%) 1 (2%) 
Necrosis 1 (2%) 
Pigmentation, hemosiderin 5 (10%) 4 (8%) 1 (2%) 
Lymphoid follicle, atrophy 1 (2%) 2 (4%) 
Lymphoid follicle, hyperplasia 4 (8%) 7 (14%) 5 (10%) 
Red pulp, atrophy 1 (2%) 
Red pulp, hyperplasia 3 (6%) 2 (4%) 3 (6%) 

Thymus (48) (47) (47) 
Angiectasis 3 (6%) 1 (2%) 2 (4%) 
Cyst 7 (15%) I0 (21%) 4 (9%) 
Depletion 3 (6%) 6 (13%) 3 (6%) 
Ectopicparathyroid gland 1 (2%) 1 (2%) 1 (2%) 
Hyperplasia, lymphoid 3 (6%) 2 (4%) 1 (2%) 
Artery, necrosis, fibrinoid 1 (2%) 

4 
(50) 

(8%) 

2 

(50) 

1 
1 

(46) 

1 

1 
(50) 

1 
18 

1 

8 
1 
4 

(43) 
1 
1 
2 

1 (2%) 

(4%) 

(2%) 
(2%) 

(2%) 

(2%) 

(2%) 
(36%) 

(2%) 

(16%) 
(2%) 
(8%) 

(2%) 
(2%) 
(5%) 

Integumentary System 
Mammary gland 

Hyperplasia, cystic 
Hyperplasia, Iobular 

Skin 
Acanthosis 
Inflammation, chronic 
Inflammation, chronic, focal 
Ulcer 
Subcutaneous tissue, edema 

(49) 

(50) 
1 (2%) 

2 (4%) 

(50) (49) (50) 
2 (4%) 2 

1 (2%) 1 
(5O) (49) (4a) 

2 C4%) 2 (4%) 2 
1 (2%) 1 

1 (2%) 
1 (2%) 

(4%) 
(2%) 

(4%) 
(2%) 

(2%) 
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TASLE H4 
Summary  of the  Inc idence  o f  Nonneoplastic Lesions in F e m a l e  Mice  
in the 2-Year Chioraminated Water  Study (continued) 

0 ppm 50 ppm 100 ppm 200 ppm 

Musculoskeletal System 
Bone 

Fibrous osteodystrophy 
Hypero~,tosis 

(50) (50) (50) (50) 
1 (2%) 
6 (12%) 9 (18%) 7 (14%) 7 (14%) 

Nervous System 
Brain 

Compression 
Hydrocephalus 
Inflammation, chronic 
Necrosis 
Parenchyma, vacuolization cytoplasmic, diffuse 
Thalamus, mineralization 

(49) (50) (50) (50) 
1 (2%) I (2%) 1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

41 (84%) 27 (54%) 33 (66%) 35 (70%) 

Respiratory System 
Lung 

Congestion 
Edema 
Hemorrhage 
Hyperplasia, lymphoid 
Infiltration cellular, histiocytic 
Leukocytosis 
Thrombus 
Alveolar epithelium, hyperplasia 

Nose 
Exudate 
Glands, hyperplasia, cystic 

(50) (50) (50) (50) 
2 (4%) 5 (10%) 2 (4%) 
1 (2%) 
2 (4%) 3 (6%) 2 (4%) 2 (4%) 

10 (20%) 9 (18%) 12 (24%) 13 (26%) 
3 (6%) 3 (6%) 2 (4%) 9 (18%) 

1 (2%) I (2%) 1 (2%) 
2 (4%) 

1 (2%) 2 (4%) 1 (2%) 
(50) (50) (50) (50) 

3 (6%) 2 (4%) 2 (4%) 
5 (10%) 3 (6%) 1 (2%) 4 (8%) 

Special Senses System 
Eye 

Cornea, inflammation, chronic 
Harderian gland 

cyst 
Hyperplasia, focal 

(1) 
1 (lOO%) 

(1) (1) (1) (5) 
1 (2o%) 
1 (2o%) 

Urinary System 
Kidney 

Amyloid deposition 
Casts protein 
Cyst 
Glomerulosclerosis 
Hemorrhage 
Hydronephrosis 
Hyperplasia, lymphoid 
Inflammation, suppurative 
Metaplasia, osseous 
Mineralization 

(50) (50) (50) (50) 
1 (2%) 

12 (24%) 9 (18%) 6 (12%) 7 (14%) 
1 (2%) 1 (2%) 2 (4%) 

2 (4%) 1 (2%) 
1 (2%) 1 (2%) 2 (4%) 

3 (6%) 2 (4%) 
21 (42%) 14 (28%) 15 (30%) 17 (34%) 

1 (2%) 
1 (2%) 1 (2%) 4 (8%) 1 (2%) 

22 (44%) 9 (18%) 8 (16%) 13 (26%) 
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TABLE H4 
Summary  of the Incidence of Nonneoplastic Lesions in Female Mice 
in the 2-Year Chioraminated Water  Study (continued) 

0 ppm $0 ppm 100 ppm 200 ppm 

Urinary System 
Kidney (continued) 

Thrombus 
Interstitium, pigmentation 
Papilla, necrosis 
Renal tubule, atrophy 
Renal tubule, dilatation 
Renal tubule, necrosis 
Renal tubule, pigmentation 
Renal tubule, regeneration 
Transitional epithelium, hyperplasia 

Ureter 
Dilatation 
Inflammation, suppurative 

Urinary bladder 
Angiectasis 
Dilatation 
Edema 
Hyperplasla, lymphoid 
Inflammation, subacute 
Mucosa, hyperplasia 

(5o) (50) 

1 (2%) 
1 (2%) 
4 (8%) 7 (14%) 
5 (1o%) 4 (8%) 
1 (2%) 

I (2%) 
34 (6s%) 32 (64%) 
2 (4%) 1 (2%) 

(I) 
10oo%) 
1 (lOO%) 

(49) (49) 

1 (2%) 
1 (2%) 

23 (47%) 21 (43%) 
2 (4%) 
2 (4%) 

(5o) 
1 (2%) 
1 (2%) 

(5o) 

27 (55%) 27 (54%) 

(49) (50) 
I (2%) 

6 (12%) 8 (16%) 
6 (12%) 
i (2%) 
1 (2%) 1 (2%) 

35 (70%) 25 (50%) 
1 (2%) 
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TABLE I1 

O r g a n  W e i g h t s  f o r  R a t s  a t  t h e  1 4 - W e e k  I n t e r i m  E v a l u a t i o n s  f o r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 70 ppm 140 ppm 275 ppm 

Male 

n 10 10 10 10 
Necropsy body wt. 374 ± 9 385 ± 7 362 ± 6 363 ± 5 

Brain 1.98 ± 0.01 1.99 ± 0.01 1.98 ± 0.02 1.96 ± 0.02 
Kidney 1.09 ± 0.04 1.16 ± 0.02 1.11 ± 0.02 1.08 ± 0.03 
Liver 12.90 ± 0.44 b 13.68 ± 0.34 12.42 ± 0.28 12.08 ± 0.42 
Thymus 0.40 ± 0.02 0.49 ± 0.03 0.40 ± 0.02 0.41 ± 0.04 

F e m a l e  

n 10 10 10 10 
Necropsy body wt. 206 ± 4 208 ± 3 203 ± 4 204 ± 2 

Brain 1.82 ± 0.01 1.81 ± 0.02 1.81 ± 0.02 1.81 ± 0.01 
Kidney 0.67 ± 0.01 0.62 ± 0.01" 0.64 ± 0.01 0.65 ± 0.01 
Liver 6.18 ± 0.16 5.91 ± 0.10 5.84 ± 0.13 5.93 ± 0.10 
Thymus 0.25 ± 0.02 0.25 ± 0.01 0.26 ± 0.01 0.25 ± 0.02 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
a Organ weights are given in grams. Mean ± standard error 
b n=8 

TABLE 12 

O r g a n - W e i g h t - t o - B o d y - W e i g h t  R a t i o s  f o r  R a t s  a t  t h e  1 4 - W e e k  I n t e r i m  E v a l u a t i o n s  

f o r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 70 ppm 140 ppm 275 ppm 

Male  

n 10 10 10 10 
Necropsy body wt. 374 ± 9 385 ± 7 362 ± 6 363 ± 5 

Brain 5.32 ± 0.11 5.20 ± 0.09 5.49 ± 0.07 5.40 ± 0.07 
Kidney 2.91 ± 0.07 3.01 ± 0.05 3.07 ± 0.04 2.98 ± 0.04 
Liver 34.6 ± 0.48 b 35.5 ± 0.41 34.3 ± 0.39 33.2 ± 0.75 
Thymus 1.08 ± 0.06 1.27 ± 0.07 1.11 ± 0.07 1.12 ± 0.09 

F e m a l e  

n 10 10 10 10 
Necropsy body wt. 206 ± 4 208 ± 3 203 ± 4 204 ± 2 

Brain 8.88 ± 0.19 8.69 ± 0.16 8.93 ± 0.14 8.89 ± 0.10 
Kidney 3.24 ± 0.09 2.98 ± 0.04* 3.13 ± 0.03 3.17 ± 0.07 
Liver 30.0 ± 0.49 28.4 ± 0.48 28.7 ± 0.39 29.1 ± 0.56 
Thymus 1.23 ± 0.09 1.22 ± 0.06 1.26 ± 0.06 1.22 ± 0.08 

* Significantly different (P~.0.05) from the control group by Dunn's or Shirley's test 
a Organ-weight-to-body-weight ratios given as mg organ weight/g body weight. Mean + standard error 
b -- 

n=8 
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TAnL~ I3  

O r g a n  W e i g h t s  f o r  R a t s  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  f o r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 70 ppm 140 p p m  275 p p m  

Male  

n 9 9 10 9 
Necropsy body wt. 509 .+ 6 511 + 14 507 ± 7 505 _+ 9 

Brain 2.15 ± 0.01 2.11 _+ 0.02 2.12 ± 0.01 2.14 ± 0.02 
Kidney 1.55 .+ 0.02 1.52 -+ 0.05 1.57 ± 0.04 1.55 _+ 0.04 
Liver 16.94 ± 0.27 16.70 ± 0.78 16.23 ± 0.44 16.81 + 0.41 
Thymus 0.19 .+ 0.02 0.22 .+ 0.02 0.21 ± 0.02 0.19 .+ 0.02 

Female  

n 10 10 9 10 
Necropsy body wt. 317 ± 8 332 _+ 5 321 ± 10 317 .+ 8 

Brain 1.91 ± 0.01 1.90 ± 0.02 1.92 ± 0.01 1.88 .+ 0.02 
Kidney 0.91 .+ 0.02 0.91 .+ 0.01 0.91 .+ 0.03 0.92 .+ 0.03 
Liver 9.01 .+ 0.27 9.14 .+ 0.17 9.24 ± 0.34 8.96 .+ 0.24 
Thymus 0.17 _+ 0.02 0.17 .+ 0.02 0.17 .+ 0.02 0.20 .+ 0.02 

a Organ weights are given in grams. Mean .+ standard error. Differences from the control group are not significant by Dunn's or 
Shirley's test. 

TABLE I4  

O r g a n - W e i g h t - t o - B o d y - W e i g h t  R a t i o s  f o r  R a t s  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  

f o r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 70 ppm 140 ppm 275 p p m  

Male  

n 9 9 10 9 
Necropsy body wt. 509 _+ 6 511 _+ 14 507 _+ 7 505 .+ 9 

Brain 4.23 .+ 0.06 4.15 _+ 0.11 4.18 .+ 0.06 4.25 ± 0.08 
Kidney 3.05 _+ 0.05 2.97 .+ 0.06 3.11 -+ 0.06 3.06 .+ 0.06 
Liver 33.3 ± 0.44 32.6 _+ 0.82 32.0 .+ 0.73 33.3 ± 0.62 
Thymus 0.37 .+ 0.05 0.45 ± 0.05 0.41 _+ 0.04 0.38 ± 0.05 

Female  

n 10 10 9 10 
Necropsy body wt. 317 ± 8 332 ± 5 321 _+ 10 317 .+ 8 

Brain 6.06 + 0.15 5.74 ± 0.10 6.03 _+ 0.20 5.96 _+ 0.13 
Kidney 2.88 _+ 0.07 2.75 ± 0.05 2.86 ± 0.05 2.91 _+ 0.06 
Liver 28.5 + 0.76 27.5 + 0.45 28.8 _+ 0.50 28.3 ± 0.58 
Thymus 0.54 ± 0.05 0.51 ± 0.04 0.54 _+ 0.05 0.61 ± 0.07 

~ Organ-weight-to-body-weight ratios given as mg organ weight/g body weight. Mean _+ standard error. Differrences from the control 
group are not significant by Dunn's or Shirley's test. 
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TAnLE I 5  

Organ Weights f o r  R a t s  a t  t h e  1 4 - W e e k  I n t e r i m  E v a l u a t i o n s  f o r  C h i o r a m i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 50 ppm 100 ppm 200 ppm 

Male  

n 10 10 10 10 
Necropsy body wt. 374 ± 9 365 ± 6 371 ± 7 341 ± 4** 

Brain 1.98 ± 0.01 1.96 ± 0.02 1.97 ± 0.02 1.95 ± 0.02 
Kidney 1.09 ± 0.04 1.09 ± 0.02 1.11 ± 0.03 1.07 ± 0.03 
Liver 12.90 ± 0.44 b 12.33 ± 0.31 12.55 ± 0.23 11.36 ± 0.26** 
Thymus 0.40 ± 0.02 0.41 ± 0.03 0.41 ± 0.03 0.38 ± 0.03 

Female  

n 10 10 10 10 
Necropsy body wt. 206 ± 4 202 ± 3 206 ± 2 199 ± 3 

Brain 1.82 ± 0.01 1.80 ± 0.01 1.77 _+ 0.02 1.80 ± 0.02 
Kidney 0.67 ± 0.01 0.62 ± 0.01 0.64 ± 0.02 0.68 ± 0,01 
Liver 6.18 ± 0.16 5.83 ± 0.17 5.91 ± 0.11 ¢ 5.78 ± 0.11 
Thymus 0.25 ± 0.02 0.25 ± 0.01 0.24 ± 0.01 0.27 ± 0.02 

** Significantly different (P_<0.01) from the control group by Dunn's or Shirley's test 
a Organ weights are given in grams. Mean ± standard error 
b n=8  

¢ n=9  

TAnLE 16 

O r g a n - W e i g h t - t o - B o d y - W e i g h t  R a t i o s  f o r  R a t s  a t  t h e  1 4 - W e e k  I n t e r i m  E V a l u a t i o n s  

f or  C h l o r a m i n a t e d  W a t e r  S t u d i e s  a 

0 p p m  50 ppm 100 p p m  200 p p m  

Male  

n 10 10 10 10 
Necropsy body wt. 374 ± 9 365 +_ 6 371 ± 7 341 ± 4** 

Brain 5.32 ± 0.11 5.39 ± 0.07 5.32 ± 0.09 5.73 ± 0.07** 
Kidney 2.91 ± 0.07 2.98 ± 0.04 3.00 ± 0.05 3.15 ± 0.09* 
Liver 34.6 ± 0.48 b 33.7 ± 0.49 33.8 ± 0.28 33.3 ± 0.75 
Thymus 1.08 ± 0.06 1.11 ± 0.07 1.11 ± 0.08 1.11 ± 0.09 

Female  

n 10 10 10 10 
Necropsy body wt. 206 ± 4 202 ± 3 206 ± 2 199 ± 3 

Brain 8.88 ± 0.19 8.96 ± 0.14 8.60 ± 0.14 9.08 ± 0.11 
Kidney 3.24 ± 0.09 3.09 ± 0.04 3.08 ± 0.08 3.42 ± 0.05* 
Liver 30.0 ± 0.49 28.9 ± 0.69 28.7 ± 0.45 ¢ 29.1 ± 0.30 
Thymus 1.23 ± 0.09 1.25 ± 0.07 1.18 ± 0.04 1.34 ± 0.09 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_<0.01 
a Organ-weight-to-body-weight ratios given as mg organ weight/g body weight. Mean ± standard error 
b n =8  
c n=9  
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TABLE 17 
O r g a n  W e i g h t s  f o r  R a t s  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  f o r  C h l o r a m i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 50 ppm 100 ppm 200 ppm 

Male 

n 9 10 9 10 
Necropsy body wt. 509 ± 6 498 _+ 6 488 ± 11" 480 ± 6** 

Brain 2.15 _+ 0.01 2.14 -+ 0.02 2.12 ± 0.02 2.12 ± 0.01 
Kidney 1.55 ± 0.02 1.51 ± 0.02 1.50 ± 0.07 1.45 _+ 0.03* 
Liver 16.94 _+ 0.27 16.12 ± 0.64 16.60 ± 0.83 14.79 ± 0.48* 
Thymus 0.19 __. 0.02 0.21 ± 0.03 0.20 ± 0.03 0.22 _+ 0.02 

Female 

n 10 10 10 10 
Necropsy body wt. 317 + 8 321 ± 6 309 ± 8 292 _+ 8* 

Brain 1.91 ± 0.01 1.89 _ 0.01 1.88 _+ 0.02 1.94 _ 0.02 
Kidney 0.91 ± 0.02 0.93 + 0.02 0.92 ± 0.03 0.94 ± 0.03 
Liver 9.01 _+ 0.27 9.22 _+ 0.26 8.70 _+ 0.22 8.31 _+ 0.25 
Thymus 0.17 ± 0.02 0.18 ± 0.02 0.18 _+ 0.03 0.16 _+ 0.02 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_~0.01 
a Organ weights are given in grams. Mean ± standard error 

TABLE 18 
O r g a n - W e i g h t - t o - B o d y - W e i g h t  R a t i o s  f o r  R a t s  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  

f o r  C h l o r a m l n a t e d  W a t e r  S t u d i e s  a 

0 p p m  50 p p m  100 p p m  200 p p m  

Male 

n 9 10 9 10 
Necropsy body wt. 509 ± 6 498 ± 6 488 ± 11" 480 ± 6** 

Brain 4.23 _+ 0.06 4.31 ± 0.07 4.36 ± 0.07 4.43 ± 0.05* 
Kidney 3.05 + 0.05 3.05 ± 0.05 3.07 ± 0.08 3.03 ± 0.04 
Liver 33.3 ± 0.44 32.4 ± 1.12 33.9 _+ 0.98 30.8 _+ 0.89 
Thymus 0.37 _+ 0.05 0.41 _+ 0.06 0.41 _ 0.06 0.47 _ 0.04 

Female 

n 10 10 10 10 
Necropsy body wt. 317 _+ 8 321 • 6 309 _+ 8 292 _+ 8* 

Brain 6.06 ± 0.15 5.92 _ 0.11 6.13 ± 0.14 6.69 _ 0.20* 
Kidney 2.88 _+ 0.07 2.90 +_ 0.05 2.97 ± 0.09 3.21 ± 0.08** 
Liver 28.5 _ 0.76 28.7 _+ 0.49 28.3 ± 0.73 28.5 ± 0.46 
Thymus 0.54 ± 0.05 0.57 _+ 0.07 0.56 + 0.08 0.54 + 0.05 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_<0.01 
a Organ-weight-to-body-weight ratios given as mg organ weight/g body weight. Mean _+ standard error 
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TABLE 19 . 

O r g a n  W e i g h t s  f o r  M i c e  a t  t h e  I S - W e e k  I n t e r i m  E v a l u a t i o n s  f o r  C h l o r i n a t e d  W a t e r  S t u d i e s *  

0 ppm 70 ppm 140 ppm 275 ppm 
• . 

Male 

n 10 10 10 10 
Necrol~y body wt. 38.3 _+ 0.9 39.1 ± 1.1 39.0 ± 1.3 36.8 ± 1.2 

Brain 0.47 ± 0,00 0.47 ± 0,01 0.47 + 0,01 0.45 ± 0.00" 
Kidney 0.31 ± 0.01 0.32 ± 0.01 0.30 ± 0,01 0.29 +_ 0.01 
Liver 1.50 _+ 0.07 1.61 ± 0,09 1.57 ± 0.10 b 1-~4 ± 0.08 
Thymus 0.06 ± 0.01 b 0.06 _+ 0.01 0.06 ± 0.01 0.05 ± 0.01 

F e m a l e  

. n 10 10 10 10 
Necropsy body wt. 31.9 ± 1.5 32.3 ± 1.6 29.0 ± 0.9 29.2 ± 0.9 

Brain 0.47 _+ 0.01 0.47 _ 0.01 0.46 ± 0.01 0.47 ± 0.01 
Kidney 0.21 ± 0.01 0.21 ± 0.01 0.19 ± 0.01 b 0.21 _+ 0.01 
Liver 1.31 ± 0.07 1.31 ± 0.05 1.19 ± 0.05 1.20 ± 0.05 
Thymus 0.06 ± 0.01 0.07 ± 0.01 0.07 ± 0.00 0.06 ± 0.00 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
a Organ weights are given in grams. Mean ± standard error 
b nf f i9  

TASLE I10  

O r g a n - W e i g h t - t o - B o d y - W e i g h t  R a t i o s  f o r  M i c e  a t  t h e  I S - W e e k  I n t e r i m  E v a l u a t i o n s  

f o r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 70 ppm 140 ppm 275 ppm " 

Male  

n 10 10 10 10 
Necropsy body wt. 38.3 ± 0.9 39.1 ± 1.1 39.0 ± 1.3 36.8 ± 1.2 

Brain 12.3 ± 0.27 12.0 ± 0.26 12.1 ± 0.36 12.4 ± 0.38 
Kidney 7.96 ± 0.24 8.16 ± 0.26 7.83 ± 0.18 7.87 ± 0.33 
Liver 39.1 ± 1.45 41.0 ± 1.62 40.8 + 1.77 b 41.7 ± 1.49 
Thymus 1.51 ± 0.13 b 1.60 ± 0.14 1.62 ± 0.13 1.49 ± 0.15 

F e m a l e  

n 10 10 10 10 
Necropsy body wt. 31.9 ± 1.5 32.3 __. 1.6 29.0 ± 0.9 29.2 ± 0.9 

Brain 15.1 ± 0.62 14.8 ± 0.69 16.0 ± 0.45 16.3 ± 0.57 
Kidney 6.67 ± 0.33 6.42 ± 0.24 6.76 ± 0.36 b 7.11 ± 0.19 
Liver 40.9 ± 0.88 40.8 ± 1.53 41.2 ± 1.43 41.1 ± 1.23 
Thymus 1.99 ± 0.16 2.25 ± 0.13 2.34 ± 0.12 2.14 ± 0.11 

a Organ-weight-to-body-weight ratios given as mg organ weight/g body weight. Mean ± standard error. Differences from the control 
b group are not significant by Dunn's or Shirley's test. 

nffi9 
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TABLE I l l  

O r g a n  W e i g h t s  f o r  M i c e  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  f o r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 70 ppm 140 ppm 275 ppm 

Male 

n 10 10 10 9 
Necropsy Ixxly wt. 51.1 ± 0.6 48.6 ± 1.1 49.1 ± 1.1 47.3 ± 1.0"* 

Brain 0.46 ± 0.01 0.46 ± 0.00 0.46 ± 0.00 0.46 ± 0.01 
Kidney 0.42 ± 0.01 0.41 ± 0.01 0.42 ± 0.01 0.40 ± 0.01 
Liver 3.02 ± 0.37 2.57 ± 0.31 2.64 ± 0.32 2.13 ± 0.11" 
Thymus 0.06 ± 0.01 0.06 ± 0.01 0.05 ± 0.01 0.05 ± 0.00 

Female  

n 10 9 10 10 
Necropsy body wt. 48.3 ± 3.4 56.8 ± 2.1 51.6 ± 2.7 48.3 ± 1.9 

Brain 0.47 ± 0.00 0.48 ± 0.00" 0.48 ± 0.00 0.48 ± 0.01 
Kidney 0.23 ± 0.01 0.27 ± 0.01 0.25 ± 0.01 0.25 ± 0.01 
Liver 1.69 ± 0.10 1.95 ± 0.09 1.76 ± 0.09 1.60 _ 0.07 
Thymus 0.05 _ 0.00 0.05 _ 0.00 0.05 ± 0.00 0.05 ± 0.01 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** Ps0.01 
a Organ weights are given in grams. Mean ± standard error 

TABLE 112  

O r g a n - W e i g h t - t o - B o d y - W e i g h t  R a t i o s  f o r  M i c e  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  

f o r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 70 ppm 140 ppm 275 ppm 

Male  

n 10 10 10 9 
Necropsy body wt. 51.1 ± 0.6 48.6 ± 1.1 49.1 ± 1.1 47.3 + 1.0"* 

Brain 8.94 ± 0.13 9.50 ± 0.26 9.42 __. 0.24 9.77 ± 0.25** 
Kidney 8.15 ± 0.24 8.53 ± 0.37 8.58 ± 0.25 8.53 ± 0.18 
Liver 59.4 ± 7.67 53.4 ± 6.77 54.2 ± 7.00 44.9 ± 1.65 
Thymus 1.08 ± 0.17 1.25 ± 0.15 0.96 ± 0.09 1.13 ± 0.08 

Female  

n 10 9 10 10 
Necropsy body wt. 48.3 ± 3.4 56.8 _+ 2.1 51.6 _+ 2.7 48.3 ± 1.9 

Brain 10.1 _ 0.83 8.50 _ 0.40 9.40 ± 0.45 10.0 ± 0.43 
Kidney 5.01 ± 0.28 4.75 _+ 0.35 4.96 _+ 0.21 5.17 _+ 0.21 
Liver 35.4 ± 1.08 34.3 _+ 1.86 34.4 ± 1.52 33.4 ± 1.18 
Thymus 0.95 ± 0.07 0.87 ± 0.11 0.97 _+ 0.07 1.01 ± 0.09 

** Significantly different (P<0.01) from the control group by Dunn's or Shirley's test 
a Organ-weight-to-body-weight ratios given as mg organ weight/g body weight. Mean ± standard error 
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TA~L~ I13 
Organ Weights for Mice at the IS.Week Interim Evaluations for Chloraminated Water Studies a 

0 p p m  50 p p m  100 p p m  200 p p m  

Male  

n 10 10 10 10 
Necropsy body wt. 38.3 ± 0.9 36.9 ± 1.3 37.0 ± 1.0 34.7 ± 0.6* 

Brain 0.47 ± 0,00 0.46 ± 0.01 0.46 ± 0.00 0.45 ± 0.00"* 
Kidney 0.31 ± 0,01 0.29 ± 0.01 0.30 ± 0.01 0.30 ± 0.01 b 
Liver 1.50 ± 0.07 1.46 ± 0.07 1.44 ± 0.06 1.43 _ 0.03 b 
Thymus 0.06 ± 0.01 b 0.06 _+ 0.00 0.06 ± 0.01 0.06 ± 0.01 

Fema le  

n 10 10 10 10 
Necropsy body wL 31.9 ± 1.5 32.2 ± 1.1 30.9 ± 1.1 26.7 ± 0.7** 

Brain 0.47 ± 0.01 0.47 ± 0.01 0.46 ± 0.01 0.47 ± 0.01 
Kidney 0.21 ± 0.01 0.21 ± 0.01 0.21 ± 0.01 0.20 ± 0.01 
Liver 1.31 ± 0.07 1.31 ± 0.06 1.20 ± 0.05 1.07 _ 0.03"* 
Thymus 0.06 ± 0.01 0.07 ± 0.00 0.07 ± 0.01 0.05 ± 0.00 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_<0.01 
a Organ weights are given in grams. Mean ± standard error 
b nffi9 

TASLE 114  

O r g a n - W e i g h t - t o - B o d y . W e i g h t  R a t i o s  f o r  M i c e  a t  t h e  1 S - W e e k  I n t e r i m  E v a l u a t i o n s  

for  C h i o r a m l n a t e d  W a t e r  S t u d i e s  a 

0 p p m  50 p p m  100 p p m  200 p p m  

Male  

n 10 10 10 10 
Necropsy body wt. 38.3 ± 0.9 36.9 _ 1.3 37.0 ± 1.0 34.7 ± 0.6* 

Brain 12.3 ± 0.27 12.5 ± 0.40 12.5 ± 0.47 13.0 ± 0.20 
Kidney 7.96 ± 0.24 7.92 ± 0.23 8.24 ± 0.25 8.66 ± 0.19 *b 
Liver 39.1 ± 1.45 39.6 + 1.32 38.9 ± 1.13 41.0 ± 0.64 b 
Thymus 1.51 ± 0.13 b 1.69 ± 0.13 1.70 ± 0.15 1.72 ± 0.17 

Female  

n 10 10 10 10 
Necropsy body wt. 31.9 _-4- 1.5 32.2 _ 1.1 30.9 __. 1.1 26.7 ± 0.7** 

Brain 15.1 -4-_ 0.62 14.7 _ 0.41 15.2 --. 0.52 17.7 ± 0.42** 
Kidney 6.67 ± 0.33 6.51 _+ 0.11 6.73 --. 0.15 7.44 _ 0.21"* 
Liver 40.9 _+ 0.88 40.8 ± 1.37 38.8 ± 1.21 40.1 + 0.89 
Thymus 1.99 ± 0.16 2.20 ± 0.12 2.11 ± 0.18 2.03 ± 0.12 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_<O.O1 
a Organ-weight-to-body-weight ratios given as mg organ wcight/g body weight. Mean ± standard error 
b nffi9 
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TABLE I 1 5  

Organ W e i g h t s  f o r  M i c e  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  f o r  C h i o r a m i n a t e d  W a t e r  S t u d i e s  a 

0 ppm 50 ppm 100 ppm 200  ppm 

Male  

n 10 10 10 9 
Necropsy body wt. 51.1 ± 0.6 49.6 ± 1.0 46.3 ± 1.3"* 46.4 _+ 0.9** 

Brain 0.46 ± 0.01 0.47 ± 0.00 0.46 ± 0.01 0.46 ± 0.01 
Kidney 0.42 ± 0.01 0.43 ± 0.02 0.43 ± 0.01 0.43 ± 0.01 
Liver 3.02 ± 0.37 2.40 _+ 0.19 2.07 ± 0.17"* 1.99 ± 0.07** 
Thymus 0.06 ± 0.01 0.05 ± 0.01 0.05 ± 0.08 0.05 ± 0.01 

Female  

n 10 10 10 10 
Necropsy body wt.. 48.3 _+ 3.4 46.7 ± 2.5 49.5 ± 2.2 42.0 _+ 2.3 

Brain 0.47 ± 0.00 0.47 ± 0.01 0.47 -+ 0.01 0.48 _+ 0.01 
Kidney 0.23 _+ 0.01 0.26 _+ 0.01 0.26 ± 0.01 0.26 + 0.01 
Liver 1.69 ± 0.10 1.64 ± 0.07 1.70 ± 0.13 1.48 _+ 0.06 
Thymus 0.05 ± 0.00 0.04 ± 0.08 0.05 ± 0.01 0.04 ± 0.00 

** Significantly different (P_<0.01) from the control group by Dunn's or Shirley's test 
a Organ weights are given in grams. Mean _+ standard error 

TABLE I 1 6  

O r g a n - W e i g h t - t o - B o d y - W e i g h t  R a t i o s  f o r  M i c e  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  a 

f o r  C h l o r a m i n a t e d  W a t e r  S t u d i e s  

0 p p m  50 p p m  100 p p m  200 p p m  

Male  

n 10 10 10 9 
Necropsy body wt. 51.1 ± 0.6 49.6 ± 1.0 46.3 ± 1.3"* 46.4 + 0.9** 

Brain 8.94 _ 0.13 9.46 ± 0.18 9.93 -e 0.28** 10.03 ± 0.22** 
Kidney 8.15 ± 0.24 8.72 ± 0.20* 9.20 ± 0.19"* 9.29 _+ 0.18"* 
Liver 59.4 _+ 7.67 48.4 ± 3.76 44.5 ± 3.20* 42.8 _+ 1.09" 
Thymus 1.08 ± 0.17 1.00 _+ 0.17 1.07 ± 0.10 1.00 + 0.11 

Female  

n 10 10 10 10 
Necropsy body wt. 48.3 ± 3.4 46.7 ± 2.5 49.5 _ 2.2 42.0 ± 2.3 

Brain 10.1 ± 0.83 10.3 _+ 0.49 9.60 ± 0.47 11.7 ± 0.69* 
Kidney 5.01 _ 0.28 5.65 + 0.28 5.35 ~- 0.17 6.34 _+ 0.24** 
Liver 35.4 _+ 1.08 35.6 _+ 1.46 34.1 ± 1.57 35.6 ± 0.86 
Thymus 0.95 _ 0.07 0.94 ± 0.10 1.04 __. 0.09 1.02 -4-_ 0.09 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_<0.01 
a Organ-weight-to-body-weight ratios given as mg organ weight/g body weight. Mean ± standard error 
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TABLE J t  

H e m a t o l o g y  D a t a  f o r  R a t s  a t  t h e  1 4 - W e e k  I n t e r i m  E v a l u a t i o n s  

in  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

Analysis 0 ppm 70 ppm 140 ppm 275 ppm 

Male 

n 10 10 9 10 
Hematocrit (%) 37.6 ± 1.4 38.6 ± 0.8 39.1 ± 0.9 38.1 ± 0.5 
Hemoglobin (g/d.L) 13.4 ± 0.4 13.9 ± 0.2 14.0 ± 0.2 13.6 ± 0.1 
Erythrocytes (106/aLL 8.35 ± 0.24 8.71 ± 0.06 8.79 ± 0.16 8.59 ± 0.06 
Mean cell volume (p") 45.0 ± 0.9 44.2 ± 0.7 44.7 ± 0.6 44.5 ± 0.6 
Mean cell hemoglobin (pg) 16.1 ± 0.1 15.9 + 0.1 15.9 ± 0.1 15.9 ± 0.1 
Mean cell hemoglobin 

concentrations (g/dL) 35.9 ± 0.7 36.0 ± 0.5 35.9 ± 0.5 35.8 ± 0.5 
Platelets (10~/~L) 534.3 ± 15.1 518.1 ± 24.4 488.3 ± 23.2 498.3 ± 17.1 
Reticulocytes (~%) 2.5 ± 0.6 1.5 ± 0.3 1.2 ± 0.2 1.4 ± 0.2 
Leukocytes (10~/~L) 3.43 ± 0.16 3.19 ± 0.25 3.58 ± 0.15 3.35 ± 0.15 
Segmented neutrophils (%) 19.10 ± 1.70 16.80 ± 2.48 20.56 ± 3.44 21.90 ± 2.54 
Bands (%) 0.20 ± 0.13 0.20 ± 0.20 0.33 ± 0.24 0.00 ± 0.00 
Lymphocytes (%) 79.50 _ 1.96 82.00 ± 2.56 77.89 ± 3.36 76.90 ± 2.42 
Atypical lymphocytes (%) 0.40 - 0.31 _b 0.33 - 0.24 0.20 ± 0.13 
Monocytes (%) 0.10 ± 0.10 0.30 _+ 0.30 0.33 ± 0.17 0.50 ± 0.22 
Eosinophils (%) 0.70 ± 0.26 0.70 ± 0.26 0.56 ± 0.29 0.50 ± 0.17 
Nucleated erythrocytes 

(/100 leukocytes) 0.70 ± 0.42 0.20 ± 0.13 0.67 ± 0.24 0.10 ± 0.10 

Female 

n 10 9 
Hen~iocrit (%) 37.4 ± 1.0 38.2 ± 0.8 
Hemoglobin (g/d.L) 13.4 ± 0.4 13.8 ± 0.3 
Erythrocytes (106/~L~ 7.81 ± 0.20 8.04 ± 0.15 
Mean cell volume (p~  47.9 ± 0.6 47.6 ± 0.7 
Mean cell hemoglobin (pg) 17.2 ± 0.1 17.1 ± 0.1 
Mean cell hemoglobin 

concentration~ (g/dL) 35.9 +_ 0.5 36.1 _+ 0.5 
Platelets (10"//~L) 514.9 ± 15.2 c 511.4 ± 28.4 
Reticulocytes ( ~ )  1.5 ± 0.3 1.3 ± 0.2 
Leukocytes (10"/~L) 2.21 ± 0.23 2.52 ± 0.17 
Segmented neutrophils (%) 21.40 ± 1.93 23.44 ± 2.53 
Bands (%) 0.20 ± 0.13 0.33 ± 0.24 
Lymphocytes (%) 77.30 ± 2.04 75.56 ± 2.58 
Atypical lymphocytes (%) 0.10 ± 0.10 0.11 ± 0.11 
Monocytes (%) 0.20 ± 0.20 0.00 ± 0.00 
Eosinophils (%) 0.80 ± 0.25 0.56 + 0.24 
Nucleated e~ythrocytes 

(,fl00 leukocytes) 0.20 ± 0.20 0.22 ± 0.22 

10 10 
37.9 ± 0.7 38.6 ± 0.5 
13.8 ± 0.1 13.7 ± 0.1 
8.03 ± 0.06 8.02 ± 0.08 
47.3 ± 0.6 48.2 ± 0.5 
17.2 ± 0.1 17.1 ± 0.1 

36.5 ± 0.7 35.5 ± 0.2 
531.7 ± 12.0 c 539.0 ± 32.8 

1.4 ± 0.2 1.4 ± 0.2 
2,59 ± 0.18 2.66 ± 0.15 

22.10 ± 2.93 23.40 ± 1.84 
0.40 ± 0.31 0.20 ± 0.13 

76.40 ± 2.89 74.50 ± 2.05 
0.10 ± 0.10 0.30 ± 0.21 
0.30 ± 0.21 0.50 ± 0.31 
0.70 ± 0.37 1.10 ± 0.2.3 

0.30 ± 0.15 

a Mean ± standard error. 
b Insufficient data 
¢ nffi8 

Differences from the control group are not significant by Dunn's or Shirley's test. 
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TABLE J 2  

H e m a t o l o g y  D a t a  f o r  R a t s  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  

i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

Analysis 0 ppm 70 ppm 140 ppm 275 ppm 

Male  

n 8 9 10 9 
Hematocrit (%) 44.8 ± 1.3 45.4 4- 1.6 43.9 4- 0.8 43.9 ± 0.5 
Hemoglobin (g/dL) 15.4 ± 0.4 15.7 ± 0.5 15.3 ± 0.2 15.0 ± 0.2 
Etythrocytes (106/~L~ 9.23 ± 0.23 9.37 ± 0.27 9.04 ± 0.16 8.86 ± 0.18 
Mean cell volume (po,) 48.6 4- 0.4 48.0 4- 0.2 48.7 ± 0.6 49.7 ± 0.7 
Mean cell hemoglobin (pg) 16.7 ± 0.1 16.7 ± 0.1 16.9 ± 0.2 17.0 ± 0.2 
Mean cell hemoglobin 

concentration 34.3 ÷ 0.2 34.6 ± 0.2 34.9 ± 0.3 . (g/dL) _ 34.2 ± 0.2 
Platelets (10°/~L) 547.1 ± 37.6 581.4 ± 31.7 603.1 ± 18.5 562.3 + 23.3 
Reticulo6'ytes (~%) 0.5 ± 0.1 0.5 ± 0.0 0.5 ± 0.0 0.6 ± 0.0 
Leukocyte~ (10"/~L) 4.06 __. 0,29 4.87 ± 0.40 4.57 ± 0.25 4.38 ± 0.20 
Segmented neutrophils (%) 29.88 4- 1.96 36.89 ± 3.19 38.20 ± 2.43 33.67 ± 2.30 
Bands (%) 0.00 ± 0.00 0.11 ± 0.11 0.00 ± 0.00 0.11 ± 0.11 
Lymphocytes (%) 65.88 ± 2.02 58.78 ± 3.28 57.70 ± 2.43 62.44 ± 1.80 
Atypical lymphocytes (%) 0.88 ± 0.40 1.00 + 0.37 1.20 ± 0.49 0.22 ± 0.22 
Monocytes (%) 2.00 _+ 0.57 1.89 ± 0.31 1.80 ± 0.39 1.78 ± 0.66 
Eosinophils (%) 1.25 _ 0.56 1.33 ± 0.33 1.10 ± 0.28 1.78 4- 0.52 
Nucleated et~ythrocytes 

(/100 leukocytes) 2.50 ± 0.78 1.78 4- 0.52 2.00 ± 0.63 3.11 ± 0.95 

F e m a l e  

n 10 10 9 9 
Hematocrit (%) 44.2 ± 1.1 44.0 ± 0.5 42.8 ± 0.6 43.6 ± 1.0 
Hemoglobin (g/d.L) 15.3 ± 0.4 15.2 ± 0.1 15.0 ± 0.2 15.2 ± 0.3 
Erythrocytes (106/iLL 8.54 ± 0.20 8.42 ± 0.09 8.37 ± 0.10 8.34 ± 0.20 
Mean cell volume C °) 51.8 ± 0.3 52.2 ± 0.1 51.2 ± 0.3 52.4 ± 0.4 
Mean cell hemoglobin (pg) 17.9 ± 0.2 18.0 ± 0.1 17.9 ± 0.1 18.2 ± 0.1 
Mean cell hemoglobin 

concentrati~on (g/dL) 34.7 ± 0.3 34.5 ± 0.1 35.1 _ 0.3 34,9 ± 0.2 
Platelets (10°/~L) 443.5 ± 30.0 507.8 ± 11.3 408.7 ± 13.0 511.3 ± 28.2 
Reticulocytes ( ~ )  0.5 ± 0.0 0~4 4- 0.0 0.4 ± 0.0 0.5 ± 0.1 
Leukocytes (10"/~L) 2.44 ± 0.27 2.62 4- 0.15 2.28 ± 0.07 2.37 _ 0.19 
Segmented neutrophils (%) 34.20 _ 4.24 35.80 ± 3.66 32.56 ± 1.84 30.44 -4- 3.44 
Bands (%) 0.10 ± 0.10 0.00 ± 0.00 0.00 _ 0.00 0.11 + 0.11 
Lymphocytes (%) 61.20 ± 4.55 60.50 ± 3.88 63.89 ± 2.62 65.89 ± 3.42 
Atypical lymphocytes (%) 1.60 ± 0.40 1.30 4- 0.40 1.44 ± 1.00 1.11 ± 0.31 
Monocytes (%) 1.40 ± 0.60 1.10 ± 0.43 0,67 ± 0.33 0.78 ± 0.47 
Eosinophils (%) 1.50 _+ 0.34 1.30 ± 0.40 1.44 ± 0.41 1.67 + 0.50 
Nucleated erythrocytes 

(/100 leukocytes) 3.10 ± 0.60 1.80 4- 0.39 2.56 ± 0.60 2.44 ± 0.50 

a Mean ± standard error. Differences from the control group are not significant by Dunn's or Shirley's test. 
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TA~L~ J3 
Hematology Data for Rats at the 14-Week Interim Evaluations 
in the 2.Year Chioramlnated Water Studies a 

Analysis 0 ppm S0 ppm 100 ppm 200 ppm 

Male 

n 10 10 10 10 
Hematocrit (%) 37.6 ± 1.4 38.5 ± 0.5 38.9 ± 0.9 39.3 ± 0.9 
Hemoglobin (g/d,L) 13.4 ± 0.4 13.8 ± 0.1 13.9 ± 0.2 13.9 ± 0.2 
Erythrocytes (106/~L~ 8.35 ± 0.24 8.64 ± 0.08 8.69 ± 0.11 8.72 ± 0.10 
Mean cell volume 0c') 45.0 ± 0.9 44.7 ± 0.8 44.8 ± 0.7 45.1 ± 0.8 
Mean cell hemoglobin (pg) 16.1 ± 0.1 16.0 ± 0.1 15.9 ± 0.1 15.9 ± 0.1 
Mean cell hemoglobin 

concentration (g/dL) 35.9 ± 0.7 35.9 ± 0.4 35.7 ± 0.5 35.5 ± 0.6 
Platelets (10"fisL) 534.3 ± 15.1 514.2 ± 14.2 511.2 ± 17.1 481.6 ± 12.6'* 
Reticulocytes ( ~ )  2.5 ± 0.6 1.7 ± 0.3 1.4 ± 0.2 1.5 ± 0.2 
Leukocy~es (10"/~tL) 3.43 ± 0.16 3.49 4- 0.14 3.20 4- 0.13 3.68 ± 0.17 
Segmented neutrophils (%) 19.10 ± 1.70 18.20 ± 1.60 19.00 ± 0.67 18.10 ± 1.81 
Bands (%) 0.20 ± 0.13 0.40 ± 0.16 0.10 ± 0.10 0.10 ± 0.10 
Lymphocytes (%) 79.50 ± 1.96 79.40 ± 1.75 79.30 ± 0.98 80.50 ± 1.78 
Atypical lymphocytes (%) 0.40 ± 0.31 0.10 ± 0.10 0.10 ± 0.10 0.20 ± 0.13 
Monocytes (%) 0.10 ± 0.10 0.60 ± 0.31 0.40 + 0.16 0.40 ± 0.16 
Eosinophils (%) 0.70 ± 0.26 1,30 ± 0.37 1.10 ± 0.48 0.70 ± 0.26 
Nucleated erythrocytes 

(/100 ieukocytes) 0.70 ± 0.42 0.40 ± 0.27 0.20 ± 0.13 0.30 ± 0.21 

Female 

n 

Hematocrit (%) 
Hemoglobin (g/d.L) 
Ery~hroeytes (106/~L~ 
Mean cell volume 0c') 
Mean cell hemoglobin (pg) 
Mean cell hemoglobin 

concentration (g/dL) 
Platelets (103/a.L) 
Reticulocytes (~) 
~ukocy~cs (I~/~,L) 
Segmented ncutrophils (%) 
Bands (%) 
Lymphocy~cs (%) 
Atypical lymphocytcs (%) 
Monocytcs (%) 
Eosinophils (%) 
Nucleated c~ythrocy~cs 
(/10o ieukocy~ea) 

10 8 9 10 
37.4 _ 1.0 38.2 ± 0.9 37.4 ± 0.6 38.6 _ 0.8 
13.4 ± 0,4 13.7 + 0.1 13,6 _ 0.1 13.8 4- 0.2 
7.81 + 0.20 8.06 ± 0.10 7.92 ± 0.09 8.13 ± 0.09 
47.9 ± 0.6 47.4 ± 0.8 47.2 ± 0.7 47.5 _ 0.8 
17.2 ± 0.1 17.1 ± 0.1 17.2 _ 0.1 17.0 ± 0.1 

35.9 - 0.5 36.1 ± 0.7 36.5 ± 0.6 35.9 ± 0.5 
514.9 ± 15.2 b 498.4 ± 25.0 479.6 ± 30.6 496.0 ± 28.4 b 

1.5 -+ 0.3 1.4 ± 0.2 1.7 -+ 0.2 1.5 ± 0.2 
2.21 ± 0.23 2.33 ± 0.16 2.57 ± 0.13 2.49 _ 0.14 

21.40 ± 1.93 26.13 ± 1.73 21.22 -+ 1.48 27.90 ± 2.11" 
0.20 ± 0.13 0.63 :t: 0.38 0.11 ± 0.11 0.40 ± 0.31 

77.30 ± 2.04 71.13 ± 1.77 76.33 - 1.69 70.20 ± 2.28 
0.10 ± 0.10 0.13 ± 0.13 0.11 ± 0.11 0.10 ± 0.10 
0.20 ± 0.20 0.88 ± 0.48 0.11 - 0.11 0.10 ± 0.10 

. . 

0.80 ± 0.25 1.13 ± 0.44 2.11 ± 0.42 1.30 _+ 0.34 

0.20 ± 0.20 0.25 ± 0.16 _c 0.10 ± 0,10 

* Significantly different (P_<0.05) from the control group by Dunn's or 
** P_<0.01 
a Mean ± standard error. 
b nffi8 
c Insufficient data 

Shirley's test 



Hematology 411 

TABLE J 4  

Hematology Data for Rats at the 66-Week Interim Evaluations 
in the 2-Year Chioraminated Water Studies a 

Analysis 0 ppm 50 ppm 100 ppm 200 ppm 

Male 

n 8 I0 8 9 
Hematocrit (%) 44.8 ± 1.3 45.1 ± 0.6 44.0 ± 0.8 44.1 ± 0.8 
Hemoglobin (g/dL) 15.4 ± 0.4 15.5 ± 0.2 15.1 ± 0.3 15.2 ± 0.3 
Ewthrocytes (106/~L~ 9.23 ± 0.23 9.26 ± 0.15 9.08 ± 0.23 8.93 ± 0.17 
Mean cell volume (p") 48.6 ± 0.4 48.6 ± 0.6 48.5 ± 0.3 49.1 ± 0.5 
Mean cell hemoglobin (pg) 16.7 ± 0.1 16.8 ± 0.2 16.6 ± 0.1 16.9 ± 0.3 
Mean cell hemoglobin 

concentration ~ (g/dL) 34.3 ± 0.2 34.4 ± 0.2 34.2 ± 0.2 34.3 ± 0.3 
Platelets (10"/~L) 547.1 ± 37.6 566.3 ± 17.8 577.7 ± 32.4 546.4 ± 20.3 
Reticulocytes ( ~ )  0.5 ± 0.1 0.5 ± 0.0 0.5 ± 0.0 0.5 _+ 0.1 
Leukocytes (10"/~L) 4.06 ± 0.29 4.61 ± 0.38 4.48 ± 0.28 4.48 ± 0.25 
Segmented neutrophils (%) 29.88 ± 1.96 39.10 ± 3.44 32.25 ± 3.66 35.44 _+ 2.48 
Bands (%) 0.00 ± 0.00 0.20 ± 0.13 0.00 ± 0.00 0.11 ± 0.11 
Lymphocytes (%) 65.88 ± 2.02 55.70 ± 4.23 64.63 ± 3.56 61.44 _+ 2.30 
Atypical lymphocytes (%) 0.88 ± 0.40 1.00 ± 0.37 0.25 ± 0.16 0.89 ± 0.61 
Monocytes (%) 2.00 ± 0.57 2.20 ± 1.18 1.75 ± 0.49 0.89 ± 0.26 
Eosinophils (%) 1.25 ± 0.56 1.80 ± 0.29 1.13 ± 0.35 1.22 ± 0.55 
Nucleated erythrocytes 

(/100 leukocytes) 2.50 ± 0.78 2.10 ± 0.57 0.25 ± 0.16" 1.56 ± 0.63 

Female 

n 10 8 10 10 
Hematocrit (%) 44.2 _+ 1.1 44.9 _ 1.4 45.4 ± 1.5 43.5 + 0.9 
Hemoglobin (g/d.L) 15.3 _ 0.4 15.6 ± 0.5 15.8 _+ 0.5 15.0 ± 0.3 
Erythrocytes (106/~L~ 8.54 ± 0.20 8.63 ± 0.25 8.75 ± 0.28 8.28 ± 0.16 
Mean cell volume (p") 51.8 _ 0.3 52.0 ± 0.4 51.8 ± 0.2 52.3 ± 0.3 
Mean cell hemoglobin (pg) 17.9 ± 0.2 18.0 ± 0.1 18.1 ± 0.1 18.2 ± 0.1 
Mean cell hemoglobin 

concentration (g /d  34.7 ± 0.3 34.7 ± 0.2 34.8 ± 0.2 34.6 ± 0.2 
Platelets (103/~L) L) 443.5 ± 30.0 450.1 4- 30.4 463.8 _+ 32.2 483.8 ± 26.2 
Reticulocytes (.%) 0.5 _+ 0.0 0.5 _ 0.0 0.4 ± 0.0 0.4 ± 0.0 
Leukocytes (10~//~L) 2.44 _+ 0.27 2.23 ± 0.10 2.42 _ 0.19 2.34 ± 0.10 
Segmented neutrophils (%) 34.20 + 4.24 27.75 ± 2.38 33.20 ± 2.55 29.30 _ 2.74 
Bands (%) 0.10 _ 0.10 0.13 + 0.13 0.00 ± 0.00 0.20 ± 0.13 
Lymphocytes (%) 61.20 ± 4.55 68.13 ± 2.63 61.70 ± 2.86 67.30 ± 3.21 
Atypical lymphocytes (%) 1.60 ± 0.40 0.63 ± 0.38 1.90 ± 0.61 0.40 ± 0.27* 
Monocytes (%) 1.40 ± 0.60 1.75 ± 0.77 1.80 ± 0.42 1.10 ± 0.41 
Eosinophils (%) 1.50 ± 0.34 1.63 ± 0.46 1.40 ± 0.31 1.70 ± 0.47 
Nucleated erythrocytes 

(/100 leukocytes) 3.10 ± 0.60 3.00 ± 0.80 1.80 ± 0.47 2.00 ± 0.49 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
a Mean ± standard error. 
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TABLE J $  

Hemato logy  Data  for Mice  a t  t h e  l $ - W e e k  I n t e r i m  E v a l u a t i o n s  

in  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d i e s  a 

Analysis 0 ppm 70 ppm 140 ppm 275 ppm 

Male 

n 7 
Hematocrit (%) 37.8 ± 
Hemoglobin (g/alL) 12.9 ± 
Etythrocyte* (106/iLL 8.69 ± 
Mean cell volume 0t") 43.6 ± 
Mean cell hemoglobin (pg) 14.8 ± 
Mean cell hemoglobin 

concentration ~ (g/dL) 34.1 ± 
Platelets (IO°/uL) 598.0 ± 
Reticulocyte* ( ~ )  1.2 ± 
Leukocyte* (10°/uL) 1.47 ± 
Segmented neutrophils (%) 16.57 ± 
Bands (%) 0.29 ± 
Lymphocyte* (%) 79.29 _+ 
Atypical lymphocyte, (103/t,L) 2.14 +_ 
Monocyte, (%) 0.14 ± 
Eo~inophils (%) 1.57 ± 

8 10 10 
0.8 37.6 ± 0.9 38.5 ± 0.5 36.7 ± 0.8 
0.4 12.9 ± 0.4 13,4 ± 0.2 12.6 ± 0.4 
0.17 8.69 ± 0.21 9.01 ± 0.09 8.57 ± 0.20 
0.4 43.3 ± 0.4 42.7 ± 0.6 42.7 ± 0.4 
0.2 14.8 ± 0.1 14.9 ± 0.1 14.7 ± 0.2 

0.6 34.2 ± 0.5 34.9 ± 0.5 34.3 + 0.5 
40.7 648~ ± 50.7 686.4 ± 36.5 570.7 ± 61.9 b 
0.2 1.5 ± 0.2 c 1.2 ± 0.1 1.4 ± 0.1 
0.30 1.31 ± 0.37 1.52 ± 0.41 1.47 ± 0.22 
1.90 19.13 ± 2.75 22.40 ± 4.58 23.20 ± 2.54 
0.29 0.25 ± 0.16 0.60 + 0.34 0.60 + 0.34 
1.27 77.25 ± 2.77 73.10 ± 4.34 73.40 ± 2.72 
0.88 2.50 ± 0.73 2.40 ± 0.56 1.50 ± 0.60 
0.14 0.25 ± 0.16 0.80 ± 0.25 0.20 ± 0.20 
0.72 0.63 ± 0.18 0.70 ± 0.30 1.10 ± 0.57 

Female 

n 10 9 10 10 
Hematocrit (%) 35.6 ± 1.2 36.2 ± 1A d 34.1 ± 1.0 35.9 ± 0.6 
Hemoglobin (g/alL) 12.4 ± 0.5 12.7 ± 0.5 d 12.1 ± 0.3 12.6 ± 0.2 
Erythrocyte* (106/~L~ 8.24 ± 0.30 8.46 ± 0.33 d 8.01 ± 0.21 8.39 ± 0.11 
Mean cell volume 0t °) 43.3 _+ 0.4 42.8 ± 0.3 d 42.5 ± 0.5 42.6 ± 0~6. 
Mean cell hemoglobin (pg) 15.1 ± 0.2 15.0 ± 0.2 d 15.1 ± 0.2 15.0 ± 0.2 
Mean cell hemoglobin 

concentration (g/alL) 34.9 ± 0.5 35.1 ± 0.5 d 35.4 ± 0.4 35.2 ± 0.3 
Platelets (10~/uL) 598.7 ± 37.3 624.5 ± 41.8 d 657.1 ± 22.6 d 598.4 ± 37.0 
Reticulocytes (~%) 1.4 ± 0.2 1.4 ± 0.2 1.4 ± 0.2 2.7 ± 0.9 
Leukocyte* (10~//~L) 1.04 ± 0.11 1.11 ± 0.11 d 1.06 ± 0.09 i.39 ± 0.18 
Segmented neutrophils (%) 18.10 _+ 2.42 22.00 + 5.65 19.60 ± 3.48 14.90 ± 2.08' 
Bands (%) 0.40 ± 0.22 0.00 ± 0.00 0.30 ± 0.21 0.00 ± 0.00 
Lymphocyte* (%) 77.10 ± 2.75 74.89 ± 5.65 77.50 ± 3.41 80.20 ± 2.57 
Atypical lymphocyte, (103/~L) 2.60 _ 0.73 1.44 + 0.53 1.90 ± 0.66 2.60 ± 0.99 
Monocyte* (%) 0.20 ± 0.20 0.11 ± 0.11 0.20 ± 0.13 1.00 ± 0.52 
Eosinophils (%) 1.60 ± 0.69 1.56 ± 0.63 0.50 ± 0.27 1.30 _ 0.40 

a Mean ± standard error. Differences from the control group are not significant by Dunn's or Shirley's test. 
b n=9 
c n=7 
d n=8 
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Hematology Data for Mice at the 66-Week Interim Evaluations 
in the 2-Year Chlorinated Water Studies a 

Analysis 0 ppm 70 ppm 140 ppm 275 ppm 

Male  

n 10 10 10 9 
Hematocrit (%) 35.6 ± 1.2 33.1 ± 0.9 33.2 ± 1.7 34.2 ± 0.5 
Hemoglobin (g/d~,) 14.1 ± 0.4 13.3 ± 0.3 13.3 ± 0.7 13.6 ± 0.2 
Etythrocytes (10~'/#L~ 9.49 ± 0.45 8.89 ± 0.26 8.85 ± 0.58 9.04 ± 0.11 
Mean cell volume (p") 37.8 ± 0.7 37.4 ± 0.8 38.0 ± 0.8 37.9 ± 0.6 
Mean cell hemoglobin (pg) 15.0 ± 0.3 15.0 ± 0.2 15.1 ± 0.3 15.1 ± 0.2 
Mean cell hemoglobin 

concentrati~on (g/dL) 39.7 ± 0.4 40.2 ± 0.4 40.0 ± 0.4 39.9 ± 0.3 
Platelets (10~/#L!6 1,103 ± 59 1,209 ± 76 1,177 ± 56 1,159 ± 59 
Reticulocytes (1~0/~L) 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.1 b 0.4 ± 0.0 
Leukocytes (10"/#L) 2.04 ± 0.38 1.52 ± 0.18 1.40 ± 0.36 1.72 ± 0.33 
Segmented neutrophils (%) 31.30 ± 3.84 34.90 ± 4.50 35.10 ± 5.03 36.56 ± 2.39 
Bands (%) 0.00 ± 0.00 0.40 ± 0.40 0.10 ± 0.10 0.44 ± 0.29 
Lymphocytes (%) 67.50 _+ 3.53 64.10 ± 4.47 64.20 ± 5.00 62.11 ± 2.39 
Atypical lymphocytes (%) 0.60 + 0.43 0.10 ± 0.10 0.20 ± 0.13 0.33 ± 0.17 
Monocytes (%) 0.10 ± 0.10 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Eosinophils (%) 0.50 _ 0.22 0.40 ± 0.22 0.40 ± 0.16 0.56 ± 0.18 

F e m a l e  

n 
Hematocrit (%) 
Hemoglobin (g/dL) 
Erythrocytes (106/~L1 
Mean cell volume (p~  
Mean cell hemoglobin (pg) 
Mean cell hemoglobin 

concentrati~on (g/dL) 
Platelets (10'~/~L)s 
Reticulocytes (I~O°//~L) 
Leukocytes (10"/~L) 
Segmented neutrophils (%) 
Bands (%) 
Lymphocytes (%) 
Atypical lymphocytes (%) 
Monocytes (%) 
Ecsinophils (%) 

10 9 10 10 
34.5 ± 0.5 35.9 ± 0.8 34.0 ± 0.5 34.3 ± 1.1 
13.7 ± 0.2 13.9 ± 0.2 13.5 ± 0.3 13.4 ± 0.3 
9.01 ± 0.10 8.94 ± 0.12 8.70 ± 0.21 8.78 ± 0.26 
38.4 ± 0.3 40.1 ± 0.6 39.1 ± 0.5 39.0 ± 0.5 
15.3 ± 0.2 15.5 ± 0.1 15.5 ± 0.1 15.3 ± 0.2 

39.8 - 0.4 38.8 ± 0.5 39.7 _ 0.4 39.3 ± 0.8 
868.0 ± 30.4 873.6 ± 26.6 908.3 _ 37.2 854.4 ± 35.5 

0.4 ± 0.0 0.4 ± 0.0 b 0.4 + 0.0 b 0.4 ± 0.0 b 
1.06 ± 0.12 1.19 - 0.24 0.83 - 0.04 1.10 -+ 0.25 

25.80 ± 4.90 30.11 ± 4.38 34.40 _+ 3.77 25.80 + 2.49 
0.30 ± 0.15 0.22 ± 0.22 0.00 ± 0.00 0.20 ± 0.20 

71.80 + 4.87 68.33 ± 4.21 64.50 ± 3.72 73.10 - 2.41 
1.20 ± 0.53 0.67 ± 0.33 0.60 ± 0.40 0.50 ± 0.22 
0.10 ± 0.10 0.00 ± 0.00 0.10 ± 0.10 0.00 ± 0.00 
0.80 ± 0.29 0.67 ± 0.29 0.40 ± 0.16 0.40 ± 0.16 

a Mean ± standard error. Differences from the control group are not significant by Dunn's or Shirley's test. 
b nffi8 
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T ~ L E  J7 
Hematology Data for Mice at the 15-Week Interim Evaluations 
in the 2-Year Chloraminated Water Studies a 

Analysis . 0  ppm 50 ppm 100 ppm 200 ppm 

Male  

n 

Hematocrit (%) 
Hemoglobin (g/dL) 
E~ythrocytes (106/~L) 
Mean cell volume (p") 
Mean cell hemoglobin (pg) 
Mean cell hemoglobin 

concentration , (g/dL) 
Platelets (10"/~L) 
Reticulocytes (.%) 
Lcukocyte~ (10"S/uL) 
Segmented neutrophils (%) 
Bands (%) 
Lymphocytes (%) 
Atypical lymphocytes (103/~L) 
Monocytes (%) 
Eosinophils (%) 

7 9 10 9 
37.8 ± 0,8 34,9 + 1,1 34~ ± 1.2 37,4 ± 0.5 
i2;9 ± 0.4 12,0 ± 0,6 12,2 ± 0,5 12,9 ± 0,2 
8,69 ± 0,17 8,20 ± 0,27 8,18 ± 0,28 8,75 ± 0,09 
43.6 ± 0,4 42,7 ± 0,5 42.6 ± 0.4 42.8 ± 0,3 
14.8 ± 0,2 14,5 ± 0,4 14,9 ± 0,2 14,8 ± 0.2 

34,1 ± 0.6 
598,0 ± 40.7 

1,2 ± 0,2 
1,47 _+ 0,30 

16,57 ± 1.90 
0,29 ± 0,29 

79,29 ± 1,27 
2,14 ± 0.88 
0,14 ± 0.14 
1,57 ± 0,72 

34.2 ± 1,1 35,0 ± 0.6 34,5 + 0-~ 
637,7 ± 38,0 650,6 ± 31.3 662,1 ± 47,7 

1,2 ± 0,1 1,6 ± 0,3 b 1,3 + 0,2 ¢ 
0.92 ± 0,17 1,01 _+ 0,17 1,09 ± 0.20 

24,89 ± 4,24 25,60 ± 4.29 19,78 ± 3,47 
0,33 ± 0,17 0.30 ± 0,21 0.67 ± 0.24 

71,44 ± 3,80 70,70 ± 3.89 77,78 ± 3,23 
1,78 ± 0,52 2,10 ± 0.89 1,22 ± 0.55 
0,67 ± 0,33 0,30 ± 0.15 0,11 ± 0.11 
0.89 ± 0.26 1.00 ± 0.68 0.44 ± 0.24 

Female  

n 

Hematocrit (%) 
Hemoglobin (g/d.L) 
Etythrocytes (106/aLL 
Mean cell volume (0t °) 
Mean ceilhemoglobin (pg) 
Mean cell hemoglobin 

concentration (g/dL) 
Platelets (10"~/~L) 
Reticulocytes (,%) 
Leukocyte~ (10"~/uL) 
Segmented neutrophils (%) 
Bands (%) 
Lymphocytes (%) 
Atypical lymphocytes (103/~L) 
Monocytes (%) 
Eosinophils (%) 

35.6 
12,4 
8,24 
43.3 
15.1 

10 
± 1.2 
± 0.5 
± 0.30 
± 0.4 
± 0.2 

34.9 ± 0.5 
598~7 ± 37.3 

1.4 ± 0.2 
1.04 ± 0.11 

18.10 ± 2.42 
0.40 ± 0.22 

77.10 ± 2.75 
2.60 ± 0.73 
0.20 ± 0.20 
1.60 ± 0.69 

10 9 9 
37,5 ± 0.9 37,6 ± 0.5 33,3 ± 1,7 
13.1 ± 0,4 13.2 ± 0.2 1L7 ± 0.7 
8.55 ± 0,23 8,75 ± 0,12 7.76 ± 0,39 
43.8 ± 0,5 43,1 ± 0.4 42,9 ± 0,4 
15,3 ± 0,2 15,0 ± 0.1 15,1 ± 0.2 

34.9 ± 0.5 35.0 ± 0.5 35.1 ± 0.5 
676.3 ± 22.2 586.7 ± 64.0 577.9 ± 50.9 

1.9 ± 0.2 1,8 ± 0.2 1.5 ± 0.2 
1.12 ± 0.17 1.00 ± 0.12 1.02 ± 0.14 

12.40 ± 1.20 11.78 ± 1.50 21.11 ± 2.60 
0.40 ± 0.31 0.33 ± 0.17 0.22 ± 0.15 

83.70 ± 1.25 84.11 ± 2.18 74.67 ± 2.35 
2.00 ± 0.60 2.44 ± 0.85 1.44 ± 0.34 
0.60 ± 0.27 0.44 ± 0.24 0.89 ± 0.66 
0.90 ± 0.23 0.89 ± 0.46 1.67 ± 0.44 

a Mean ± standard error. Differences from the control group are not significant byDunn's or Shirley's test. 
b n ~ 9  
¢ nffi8 
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H e m a t o l o g y  D a t a  f o r  M i c e  a t  t h e  6 6 - W e e k  I n t e r i m  E v a l u a t i o n s  

i n  t h e  2 - Y e a r  C h l o r a m i n a t e d  W a t e r  S t u d i e s  a 

Analysis 0 ppm $0 ppm 100 ppm 200 ppm 

Male  

n 

Hematocrit (%) 
Hemoglobin (g/dL) 
Et~ythrocytes (106/iLl  
Mean cell volume H") 
Mean cell hemoglobin (pg) 
Mean cell hemoglobin 

concentration ~ (g/dL) 
Platelets (10"/~L) 
Reticulocytes (~%) 
Leukocytes (10"/#L) 
Segmented neutrophils (%) 
Bands (%) 
Lymphocytes (%) 
Atypical lymphocytes (%) 
Monocytes (%) 
Eosinophils (%) 

10 10 10 9 
3.5.6 ± 1.2 34.9 ± 1.2 33.9 ± 0.6 34.2 ± 0.7 
14.1 ± 0.4 13.9 4- 0.5 13.7 ± 0.2 13.6 ± 0.3 
9.49 ± 0.45 9.16 ± 0.47 8.92 _+ 0.16 8.79 ± 0.18 
37.8 + 0.7 38.3 ± 0.8 38.2 ± 0.5 39.0 ± 0.5 
15.0 ± 0.3 15.2 ± 0.2 15.3 ± 0.2 15.5 ± 0.1 

39.7 + 0.4 39.8 + 0.4 40.3 4- 0.3 39.9 ± 0.5 
1,i03 ± 59 1,057 ± 37 1,046 _+ 34 1,139 ± 37 

0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 
2.04 ± 0.38 1.79 ± 0.23 1.06 ± 0.22 1.61 ± 0.25 

31.30 ± 3.84 25.20 ± 3.17 33.40 ± 5.43 34.56 ± 6.62 
0.00 ± 0.00 0.20 ± 0.13 0.30 ± 0.30 0.33 ± 0.24 

67.50 4- 3.53 73.40 ± 3.06 65.80 ± 5.52 63.78 ± 6.55 
0.60 ± 0.43 0.60 ± 0.27 0.30 ± 0.15 0.56 ± 0.24 
0.10 ± 0.10 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
0.50 ± 0.22 0.60 4- 0.22 0.20 ± 0.13 0.78 ± 0.22 

Female 

n 10 9 
Hematocrit (%) 34.5 ± 0.5 34.5 ± 0.8 
Hemoglobin (g/dL) 13.7 ± 0.2 13.6 ± 0.2 
Erythrocytes (106/~L~ 9.01 ± 0.10 8.70 ± 0.11 
Mean cell volume H") 38.4 ± 0.3 39.7 ± 0.7 
Mean cell hemoglobin (pg) 15.3 ± 0.2 15.6 _ 0.1 
Mean cell hemoglobin 

concentration (g /dL)  39.8 ± 0.4 39.4 ± 0.8 
Platelets ( 1 0 3 / # L )  868.0 ± 30.4 873.3 _.+ 29.1 
Reticulocytes (.%) 0.4 ± 0.0 0.4 ± 0.0 
Leukocytes (10~/aL) 1.06 + 0.12 1.22 ± 0.15 
Segmented neutrophils (%) 25.80 ± 4.90 33.11 ± 6.86 
Bands (%) 0.30 ± 0.15 0.11 ± 0.11 
Lymphocytes (%) 71.80 _+ 4.87 66.00 ± 6.86 
Atypical lymphocytes (%) 1.20 ± 0.53 0.44 4- 0.18 
Monocytes (%) 0.10 ± 0.10 0.00 ± 0.00 
Eosinophils (%) 0.80 ± 0.29 0.33 ± 0.24 

9 10 
34.7 ± 0.5 35.0 ± 0.9 
13.6 ± 0.2 13.8 ± 0.3 
8.84 ± 0.10 8.98 ± 0.17 
39.3 ± 0.6 38.9 ± 0.5 
15.4 _+ 0.2 15.4 ± 0.1 

39.2 ± 0.6 39.5 ± 0.5 
879.9 ± 84.3 869.2 ± 23.4 

0.4 ± 0.0 0.4 ± 0.0 
0.91 ± 0.15 1.35 ± 0.18 

25.44 ± 3.15 27.10 ± 2.52 
0.00 ± 0.00 0.00 ± 0.00" 

73.56 ± 3.20 70.90 ± 2.71 
0.67 ± 0.44 0.80 ± 0.36 
0.00 ± 0.00 0.00 ± 0.00 
0.33 ± 0.24 1.20 ± 0.36 

* Significantly different (P~0.05) from the control group by Dunn's or Shirley's test 
a Mean ± standard error. 
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P R O C U R E M E N T  AND C H A R A C T E R I Z A T I O N  OF C H L O R I N E  
Two 18.1 kg cylinders of chlorine gas from the same lot (lot no. A081584) and a third cylinder from a 
different lot (lot no. 12152-5) were obtained from Air Products (Lenexa, KS). Purity and identity 
analyses were conducted by the analytical chemistry laboratory, Midwest Research Institute (MRI), 
Kansas City, MO. 

The chemical was identified as chlorine by infrared spectroscopy and physical appearance. The infrared 
spectrum was consistent with those expected for the structure of chlorine and with an available literature 
reference, Sadtler Standard Spectra, (Figure K1). Gas chromatography indicated that hexachloroethane 
and hexachlorobenzene, possible impurities, were not present at a concentration greater than 0.01%. 
Purity determinations on these samples of chlorine were similar and were consistent with those of 
batches of chlorine previously analyzed by MRI (99.5% pure). 

P R E P A R A T I O N  AND ANALYSIS OF D O S E  F O R M U L A T I O N S  
Dose formulations for chlorinated and chloraminated water were prepared from a stock solution of 
buffered sodium hypochlorite. This stock solution was prepared by bubbling chlorine gas into charcoal 
filtered, deionized water until the solution obtained a deep greenish-yellow color. The concentration of 
available atomic chlorine in the solution was determined by titration with 0.0028 N ferrous ammonium 
sulfate (FAS) using N,N.-diethyl-p-phenyldiamine (DPD) as an indicator and adding an equivalent weight 
of sodium hydroxide. The solution was then buffered to approximately pH 9 with bicarbonate- 
carbonate buffer solution (Table K1). The buffers were 0.045 M in carbonate. 

Chlorinated dose formulations, as sodium hypochlorite (NaOCI) solutions, were prepared by mixing the 
appropriate volume of the buffered sodium hypochlorite stock solution with sodium chloride and 
bicarbonate-carbonate buffer solutions, then diluting with charcoal filtered, deionized water to a final 
concentration of 0.022 M in carbonate and 0.035 M in sodium at pH 9. Dose concentrations were 
expressed as ppm of available atomic chlorine. Chloraminated dose formulations were prepared by 
mixing the appropriate volume of the buffered sodium hypochlorite stock solution with sodium chloride 
and bicarbonate-carbonate buffer solutions, and adding the resulting solution to a dilute ammonium 
hydroxide solution to generate monochloramine. The final solution was 0.022 M in carbonate and 
0.035 M in sodium at pH 9. Dose concentrations were expressed as ppm of chloramine. 
Monochloramine and dichloramine concentrations were then confirmed by titration with.FAS using 
potassium iodide as an indicator. Control drinking water was prepared by diluting the sodium chloride 
and bicarbonate-carbonate buffer solutions with charcoal filtered, deionized water to final concentrations 
of 0.022 M in carbonate and 0.035 M in sodium and a pH of approximately 9. 

Stability studies performed by the analytical chemistry laboratory on buffered hypochlorite stock solution 
indicated approximately 96% retention of the original concentration after storage of the solution for 7 
days at 5* C. For chlorinated water, dose levels of approximately 70, 140, and 275 ppm available atomic 
chlorine retained respective averages of 95%, 90%, 85%, and 85% of their original concentrations after 
1, 2, 3, and 4 days storage in rat-cage water bottles. Based on these findings, the buffered hypochlorite 
stock solution was stored at 5* C for no longer than 7 days and the dose formulations were stored at 
room temperature for no longer than 48 hours. For chloraminated water, dose levels of approximately 
50, 100, and 200 ppm chloramine retained 95% to 97% of the original concentration after 24 hours and 
91% to 94% after 48 hours. A stability study was also performed at the study laboratory and verified 
that the dose formulations were stable under the storage conditions used in the toxicology studies. 
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Chlorinated dose formulations were analyzed for available atomic chlorine after each mixing by titration 
with 0.0028 N FAS using DPD as an indicator. The concentration of available atomic chlorine (ppm) 
was determined using the following equation: 

available atomic chlorine (ppm) = mL FAS x N of FAS x 35.45 x 1000. 
sample volume (mL) 

Chloraminated dose formulations and buffered deionized water control solutions were analyzed for 
available atomic chlorine after each mixing by titration with 0.0(~28 N FAS using DPD as an indicator, 
and for monochloramine and dichloramine by FAS titration using potassium iodide (KI) as an indicator. 
The concentration of chloramine (ppm) was determined using the following equation: 

chloramine (ppm) = mL FAS x N of FAS x 51.48 x 1000. 
sample volume (mL) 

Results of analyses were within the acceptable range (within 10% of the target concentrations), with the 
exception of a 50 ppm chloramine solution analyzed on April 17, 1985, at 112% of the target 
concentration, and a 70 ppm chlorine solution released for study on April 19, 1985, at 114% of target 
concentration. Monthly averages are shown in Tables K2 and K3. Animal room samples from each 
chlorine group were analyzed for available atomic chlorine and trihalomethanes (Tables K4, K5, K8, and 
K9). Animal room samples from each chloramine dose group and the buffered deionized water control 
group were analyzed monthly in duplicate for available atomic chlorine, monochloramine, dichloramine, 
and trihalomethanes (Tables K6, K7, K10, and Kll) .  The method for trihalomethane determination 
involved extraction of the animal room drinking water samples with pentane or isooctane and injection 
of the extracts into a gas chromatograph equipped with an electron capture detector. A 1.8 m × 
2.0 mm ID glass column packed with 1% SP-1000 on Carbopack B, a column temperature of 120 ° C, 
and a N2 carrier flow rate of 30 mL/minute were used. 
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TABLE KI 
Preparation and Storage of Dose Formulations in the Chlorinated and Chloraminated 
Water Studies 

Preparation of Stock Solution 
Buffered sodium hypochlorite stock solution was prepared by bubbling chlorine gas into charcoal 
filtered, deionized water until saturation (the appearance of a deep greenish-yellow color). The 
concentration of available atomic chlorine was determined by titration with 0.0028 N ferrous ammonium 
sulfate (FAS) using N,N-diethyl-p-phenyldiamine (DPD) as indicator, and an equivalent weight of 
sodium hydroxide was added. Sodium bicarbonate and sodium carbonate monohydrate were added to a 
molar concentration of 0.045 and the preparation was stirred until the added reagents were in solution. 
The sodium hypochlorite stock solution was stored at approximately 5 ° C until preparation of the 
chloramine and chlorine dose formulations. 

Preparation of Dose Formulations 
The concentration of available atomic chlorine in the sodium hypochlorite stock solution was determined 
by titration with 0.0028 N FAS using DPD as indicator prior to preparation of the dose formulations. 
Chlorinated dose formulations were prepared by diluting the stock solution to the desired available 
atomic chlorine concentrations with sodium chloride and bicarbonate-carbonate buffer solutions and 
charcoal filtered, deionized water. The available atomic chlorine concentrations wcrc again determined 
by titration with FAS and DPD prior to use. Chloraminated dose formulations wcrc prepared by 
diluting the stock solution with sodium chloride and bicarbonate-carbonate buffer solutions and charcoal 
filtered, deionizcd water. To the resulting solution was added a dilute solution of ammonium hydroxide 
to generate monochloramine. Monochloramine concentration was then confirmed by FAS titration using 
potassium iodide as an indicator. All final dose formulations were 0.022 M in carbonate and 0.035 M in 
sodium at pH 9. 

Concentration 
Chlorine: 70 ppm (2 mM chlorine), 140 ppm (4 mM chlorine), or 275 ppm (8 mM chlorine). 
Chloramine: 50 ppm (1 mM chlorine), 100 ppm (2 mM chlorine), or 200 ppm (4 mM chlorine). 
Control groups received charcoal filtered, deionized water with 0.022 M in carbonate and 0.035 M in 
sodium buffered at pH 9. 

Storage Conditions 
Polypropylene bottles at room temperature 

Maximum Storage Time 
48 hours 

Study Laboratory 
Southern Research Institute 
Birmingham, AL 

Referee Laboratory 
Midwest Research Institute, Kansas City, MO 
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TABLE K 2  

R e s u l t s  o f  A n a l y s i s  o f  C h l o r i n a t e d  W a t e r  D o s e  F o r m u l a t i o n s  f o r  R a t s  a n d  M i c e  

i n  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h i o r a m i n a t e d  W a t e r  S t u d i e s  ~ 

T a r g e t  C h l o r i n a t e d  W a t e r  b 

D o s e  S a m p l e s  M e a n  

C o n c e n t r a t i o n  (n)  +_ 

( p p m )  S.E. 

D e c e m b e r  1984 
70 19 70.0 ± 0.32 

140 19 139.9 ± 0.60 
275 19 271.0 ± 0.88 

J a n u a r y  1985 
70 17 68.5 ± 0.39 

140 17 137.3 __ 0.82 
275 17 263.6 ± 1.36 

F e b r u a r y  1985 
70 16 70.7 ± 0.58 

140 16 140.5 ± 1.05 
275 16 272.2 _+ 1.95 

M a r c h  1985 
70 18 70.5 ± 0.55 

140 18 139.3 ± 0.93 
275 18 268.9 ± 1.52 

Apri l  1985 
70 17 71.0 ± 0.82 

140 17 138.9 + 1.32 
275 17 270.3 ± 2.14 

M a y  198~ 
70 18 70.6 ± 0.39 

140 18 139.9 ± 0.81 
275 18 273.6 ± 1.19 

June 1985 
70 17 68.7 ± 0.55 

140 17 137.1 ± 0.94 
275 17 268.8 ± 2.09 

July 1985 
70 18 70.4 ± 0.48 

140 18 140.1 ± 0.95 
275 18 272.3 ± 2.13 

August 1985 
70 18 72.3 ± 0.27 

140 18 143.4 ± 0.66 
275 18 278.6 ± 1.59 

6 6 . 8 -  72.8 
135.0 - 146.1 
266.0 - 280.4 

6 6 . 3 -  71.1 
133.0 - 143.0 
255.0 - 277.0 

6 6 . 7 -  74.1 
133.0 - 147.0 
259.0 - 283.0 

6 7 . 6 -  75.0 
134.0 - 147.0 
255.0 - 281.0 

6 6 . 9 -  79.7 
132.0 - 152.0 
254.0 - 287.0 

6 7 . 9 -  72.5 
135.0 - 147.0 
265.0 - 282.0 

6 4 . 8 -  72.0 
129.0 1 145.0 
250.0 - 286.0 

6 6 . 6 -  73.5 
134.0 - 147.0 
257.0 - 285.0 

6 8 . 9 -  74.0 
136.0 - 147.0 
254.0 - 286.0 
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TABLE K 2  

R e s u l t s  o f  A n a l y s i s  o f  C h l o r i n a t e d  W a t e r  D o s e  F o r m u l a t i o n s  f o r  R a t s  a n d  M i c e  

i n  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

T a r g e t  C h l o r i n a t e d  W a t e r  
D o s e  S a m p l e s  M e a n  

C o n c e n t r a t i o n  (n)  _ 
( p p m )  S.E.  

S e p t e m b e r  198~ 
70 17 72.5 ± 0.29 

140 17 144.3 ± 0.65 
275 17 277.9 ± 1.45 

O c t o b e r  198~ 
70 17 72.6 ± 0.29 

140 17 144.5 ± 0.72 
275 17 278.9 ± 1.62 

N o v e m b e r  1985 
70 18 72.5 +_ 0.36 

140 18 143.7 ± 0.85 
275 18 281.9 ± 1.45 

D e c e m b e r  1985 
70 17 72.5 ± 0.33 

140 17 143.0 ± 0.72 
275 17 278.6 ± 1.08 

J a n u a r y  1986 
70 18 72.2 ± 0.51 

140 18 142.7 ± 0.57 
275 18 280.1 ± 1.39 

F e b r u a r y  1986 
70 16 72.9 ± 0.43 

140 16 142.7 ± 0.44 
275 16 284.3 ± 1.62 

M a r c h  1986 
70 18 73.0 ± 0.54 

140 18 144.1 _+ 1.02 
275 18 295.6 ± 5.66 

Apr i l  1986 
70 17 72.1 _+ 0.32 

140 17 144.0 ± 0.82 
275 17 286.4 ± 1.06 

May 1986 
70 18 71.7 _+ 0.26 

140 18 143.1 + 0.72 
275 18 285.8 ± 1.36 

7 0 . 9 -  75.0 
141.0 - 150.0 
267.0 - 290.0 

7 0 . 5 -  75.0 
140.0 - 149.0 
260.0 - 288.0 

7 0 . 0 -  75.5 
138.0 - 151.0 
274.0 - 296.0 

7 0 . 5 -  75.4 
139.0 - 149.0 
272.0 - 286.0 

6 5 . 0 -  74.5 
139.0 - 150.0 
270.0 - 292.0 

6 9 . 3 -  75.0 
140.0 - 145.0 
273.0 - 294.0 

6 9 . 2 -  76.0 
138.0 - 154.0 
278.0 - 388.0 

6 9 . 9 -  74.5 
137.0 - 149.0 
280.0 - 297.0 

6 9 . 4 -  74.0 
138.0 - 149.0 
274.0 - 296.0 
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TABLE K 2  

R e s u l t s  o f  A n a l y s i s  o f  C h l o r i n a t e d  W a t e r  D o s e  F o r m u l a t i o n s  f o r  R a t s  a n d  M i c e  

i n  t h e  2 . Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

Ta rge t  Chlor ina ted  W a t e r  
Dose Samples  M e a n  

Concen t r a t i on  (n)  _ 
(ppm) S.E. 

June 1986 
70 17 72.5 ± 0.49 6 7 . 9 -  76.1 

140 17 143.5 -+ 1.05 135.0-153.0 
275 17 283.4 + 1.83 272 .0 -  296.0 

July 1986 
70 17 73.5 + 0.41 7 1 . 0 -  75.6 

140 17 144.4 _+ 0.85 138.0-153.0 
27/5 17 283.9 ± 1.88 275 .0 -  301.0 

Augus t  1986 
70 18 72.4 ± 0.36 6 9 . 7 -  74.5 

140 18 143.3 ± 0.68 137.0-148.0 
275 18 287.6 ± 1.34 278 .0 -  296.0 

S e p t e m b e r  1986 
70 17 72.9 ± 0.44 6 9 . 2 -  76.1 

140 17 144.2 ± 1.08 135.0-151.0 
275 17 286.2 ± 1.58 272 .0 -  296,0 

October  1986 
70 18 71.9 ± 0.47 6 8 . 4 -  75.0 

140 18 143.6 ± 1.12 135 .0 -  150.0 
275 18 281.8 ± 1.53 272 .0 -  291.0 

November 1986 
70 17 72.9 ± 0.30 7 0 . 9 -  75.0 

140 17 144.9 ± 0.87 138 .0-  152.0 
275 17 285.9 ± 1.74 271 .0 -  302.0 

December 1986 
70 18 73.5 ± 0.38 7 0 . 3 -  76.1 

140 18 143.6 ± 0.87 137 .0-  149.0 
275 18 283.0 ± 1.81 272 .0 -  299.0 

J a n u a r y  1987 
70 19 72.7 ± 0.44 6 8 . 9 -  75.5 

140 19 143.1 ± 0.89 137.0-150.0 
275 19 282.2 ± 1.14 273 .0 -  291.0 

The analysis of dose formulations for rats and mice began on 28 January 1985 and ended on 2 February 1987. A total of 
2,670 analyses were performed to determine chlorine concentrations of the dose formulations given to the rats on these studies. 
This table presents monthly averages for dose formulation samples obtained prior to administration. The NTP Archives 
maintain the complete data for dose formulation analyses performed during the 2-year studies. 
The concentrations are reported as ppm of available atomic chlorine. 
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TABLE K 3  

R e s u l t s  o f  A n a l y s i s  o f  C h l o r a m i n a t e d  W a t e r  D o s e  F o r m u l a t i o n s  f o r  R a t s  a n d  M i c e  

i n  t h e  2 . Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  a 

Ta rg e t  M o n o c h i o r a m i n e  (ppm) Dich lo ramine  (Imm) 
Dose  Sample s  M e a n  Ra nge  Sa mple s  M e a n  

Concen t r a t ion  (n) ± (n) _+ 
(ppm)  S.E. S.E. 

Decem b er  1984 
50 19 51.0 + 0.29 4 9 . 4 -  54.4 19 2.53 _+ 0.20 

100 19 99.7 ± 0.48 96.9 - 104.5 19 2.97 ± 0.16 
200 19 195.9 ± 1.39 187 .0 -  214.0 19 3.07 ± 0.23 

J a n u a r y  198~ 
50 17 50.4 ± 0.34 4 7 . 9 -  52.6 17 2.41 ± 0.24 

100 17 98.6 ± 0.55 94.1 - 104.0 17 2.49 ± 0.13 
200 17 190.7 ± 1.06 184 .0-  201.0 17 2.49 ± 0.18 

Februa ry  1985 
50 16 51.6 ± 0.39 48.1 - 53.2 16 1.28 ± 0.14 

100 16 101.1 ± 0.84 95.0 - 106.0 16 1.28 ± 0.14 
200 16 194.7 ± 1.63 180.0 - 205.0 16 1.53 ± 0.23 

M a r c h  1985 
50 18 52.6 ± 0.35 5 0 . 0 -  55.1 18 0.97 ± 0.15 

108 18 101.3 ± 0.53 97.5 - 107.0 18 1.20 ± 0.14 
200 18 194.9 ± 1.07 187.0 - 206.0 18 1.14 ± 0.13 

April 1985 
50 17 51.3 ± 0.68 4 7 . 0 -  56.0 17 1.14 ± 0.20 

100 17 100.6 ± 1.10 93.4 - 109.0 17 1.42 ± 0.16 
200 17 196.2 ± 1.71 185.0 - 209.0 17 1.58 ± 0.18 

May  1985 
50 18 51.6 ± 0.43 4 7 . 9 -  53.7 18 1.13 ± 0.07 

100 18 100.3 ± 0.77 94.2 - 105.0 18 1.34 ± 0.10 
200 18 197.7 ± 1.19 187 .0-  206.0 18 1.48 ± 0.21 

J u n e  198~ 
50 17 50.5 _+ 0.55 4 6 . 7 -  54.1 17 1.14 _ 0.07 

100 17 99.5 _+ 0.86 94.9 - 107.0 17 1.15 ± 0.13 
200 17 193.1 ± 1.51 183.0 - 203.0 17 1.08 ± 0.10 

Ju ly  1985 
50 18 51.0 ± 0.33 4 8 . 8 -  53.3 18 0.94 ± 0.14 

100 18 101.3 ± 0.58 97.5 - 105.0 18 1.08 ± 0.12 
200 18 197.7 ::t: 1.60 187 .0 -  209.0 18 1.23 ± 0.07 

August 1985 
50 18 52.5 ± 0.28 5 0 . 4 -  54.9 18 1.24 ± 0.01 

100 18 104.8 _+ 0.61 96.4 - 107.0 18 1.24 ± 0.01 
200 18 204.3 ± 1.31 188 .0 -  213.0 18 1.24 ± 0.01 

1.10 - 4.20 
2.10 - 4.40 
1.10 - 4.40 

0 . 0 0 -  4.20 
2 . 1 0 -  3.20 
1 . 1 0 -  3.20 

0 . 0 0 -  2.10 
0 . 0 0 -  2.10 
0 . 0 0 -  3.20 

0 . 0 0 -  2.10 
0 . 0 0 -  2.10 
0 . 0 0 -  2.10 

0 . 0 0 -  2.50 
0 . 0 0 -  2.50 
0 . 0 0 -  2.50 

0 . 0 0 -  1.20 
1 . 2 0 -  2.50 
1 . 2 0 -  4.90 

0 . 0 0 -  1.30 
0 . 0 0 -  2.50 
0 . 0 0 -  1.30 

0 .00-  1.30 
0 .00 -  1.30 
0 . 0 8 -  1.30 

1 . 2 0 -  1.30 
1 . 2 0 -  1.30 
1 . 2 0 -  1.30 



426 Chlo r ina ted  a nd  C h i o r a m i n a t e d  Wate r ,  N TP  T R  392 

TABLE K 3  

R e s u l t s  o f  A n a l y s i s  o f  C h l o r a m i n a t e d  W a t e r  D o s e  F o r m u l a t i o n s  f o r  R a t s  a n d  M i c e  

i n  t h e  2 , Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

Ta rg e t  M o n o c h l o r a m i n e  (ppm) D i c h i o r a m i n e  (ppm)  
Dose  Sample s  M e a n  R a n g e  S a m p l e s  M e a n  

Concen t r a t i on  (n) ± (n) ± 
(ppm) S.E. S.E. 

Sep t em b e r  198~ 
50 17 52.5 ± 0.28 5 0 . 8 -  54.5 17 1.09 ± 0.10 
I00 17 105.1 ± 0.42 102.0 - 107.0 17 1.16 ± 0.07 
200 17 206.8 +_ 1.10 199 .0 -  218.0 17 1.23 ± 0.01 

October  1 9 ~  
50 17 52.7 ± 0.39 4 8 . 6 -  54.5 17 1.28 ± 0.08 

100 17 104.6 ± 0.69 97.9 - 109.0 17 1.20 ± 0.00 
200 17 205.0 ± 1.02 194 .0 -  211.0 17 1.20 ± 0.00 

November  1985 
50 18 52.6 ± 0.40 4 9 . 3 -  55.2 18 1.08 ± 0.09 

100 18 105.0 _+ 0.79 98.5 - 109.0 18 1.16 ± 0.07 
200 18 202.7 ± 1.18 197 .0 -  216.0 18 1.16 ± 0.07 

Decem b er  198~ 
50 17 51.9 +_ 0.37 4 9 . 6 -  55.1 17 1.22 ± 0.08 

100 17 103.7 ± 0.57 98.5 - 108.0 17 1.30 _+ 0.00 
200 17 202.6 ± 1.28 191 .0 -  211.0 17 1.30 ± 0.00 

J a n u a r y  1986 
50 18 52.9 _ 0.24 5 0 . 7 -  54.5 18 1.06 ± 0.12 

108 18 104.6 ± 0.52 99.9 - 108.0 18 1.13 -+ 0.10 
200 18 202.9 _+ 1.00 196 .0 -  213.0 18 1.20 +- 0.07 

Feb ru a ry  1986 
50 16 52.0 _+ 0.31 4 9 . 7 -  53.7 16 0.61 ± 0.16 

108 16 103.1 ± 0.64 97.9 - 107.0 16 0.76 ± 0.15 
200 16 202.6 ± 1.34 195 .0 -  216.0 16 0.76 ± 0.15 

M a r c h  1986 
50 18 52.2 ± 0.34 4 9 . 3 -  54.5 18 0.47 ± 0.14 

100 18 102.9 ± 0.48 101.0 - 109.0 18 0.47 ± 0.14 
200 18 202.4 +- 1.02 195 .0 -  213.0 18 0.54 ± 0.15 

April  1986 
50 17 51.7 ± 0.32 4 8 . 9 -  53.4 17 0.49 _ 0.15 

100 17 101.9 +_ 0.53 97.1 - 105.0 17 0.56 _+ 0.15 
200 17 202.5 ± 1.41 188 .0 -  211.0 17 0.56 ± 0.15 

May  1986 
50 18 51.3 ± 0.46 4 8 . 2 -  54.5 18 0.81 -+ 0.14 

100 18 101.6 ± 0.54 97.9 - 107.0 18 0.54 ± 0.15 
200 18 200.8 ± 1.26 190 .0 -  215.0 18 0.54 _+ 0.15 

J u n e  1986 
50 17 52.3 ± 0.26 5 0 . 4 -  54.1 17 0.81 + 0.14 

100 17 102.9 +_ 0.71 98,5 - 109.0 17 0.54 ± 0.15 
200 17 202.8 ± 1.28 192 .0 -  209.0 17 0.36 ± 0.14 

0 . 0 0 -  1.30 
0 . 0 8 -  1.30 
1 . 2 0 -  1.30 

1 . 2 0 -  2.50 
1 . 2 0 -  1.20 
1 . 2 0 -  1.20 

0 . 0 0 -  1.30 
0 . 0 0 -  1.30 
0 . 0 0 -  1.30 

0 . 0 0 -  1.30 
1 . 3 0 -  1.30 
1 . 3 0 -  1.30 

0 . 0 8 -  1.30 
0 . 0 8 -  1.30 
0.00- 1.30 

0 . 0 0 -  1.30 
0 . 0 0 -  1.30 
0 . 0 0 -  1.30 

0 . 0 8 -  1.30 
0 . 0 0 -  1.20 
0 . 0 8 -  1.30 

0 . 0 0 -  1.20 
0 . 0 0 -  1.20 
0 . 0 8 -  1.20 

0 . 0 0 -  1.30 
0 . 0 0 -  1.30 
0 . 0 0 -  1.30 

0 . 0 0 -  1.30 
0 . 0 0 -  1.30 
0 . 0 8 -  1.30 
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TABLE K 3  

R e s u l t s  o f  A n a l y s i s  o f  C h i o r a m i n a t e d  W a t e r  D o s e  F o r m u l a t i o n s  f o r  R a t s  a n d  M i c e  

i n  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

T a r g e t  M o n o c h i o r a m i n e  ( p p m )  D i c h l o r a m i n e  ( p p m )  
D o s e  S a m p l e s  M e a n  R a n g e  S a m p l e s  M e a n  

C o n c e n t r a t i o n  (n)  :t: (n)  ± 
(ppm) S.E. S.E. 

July 1986 
50 17 52.2 ± 0.27 5 0 . 4 -  54.9 17 0.58 ± 0.15 0 . 0 0 -  1.30 

100 17 103.2 -+ 0.61 99.3 - 108.0 17 0.57 _+ 0.15 0.00 - 1.30 
200 17 203.6 ± 1.34 1 9 2 . 0 -  218.0 17 0.36 ± 0.14 0 . 0 0 -  1.30 

August 1986 
50 18 52.4 ± 0.36 4 9 . 9 -  54.5 18 0.36 ± 0.14 0 . 0 0 -  1.30 

100 18 103.1 ± 0.47 100.0 - 107.0 18 0.36 ± 0.14 0.00 - 1.30 
200 18 205.6 ± 1.82 188.0 - 219.0 18 0.14 ± 0.10 0.00 - 1.30 

S e p t e m b e r  1986  
50 17 52.6 ± 0.43 4 8 . 2 -  54.9 17 0.29 ± 0.13 0 . 0 0 -  1.30 

100 17 102.9 ± 0.60 100.0 - 107.0 17 0.64 ± 0.15 0.00 - 1.30 
200 17 205.0 ± 1.55 1 9 3 . 0 -  215.0 17 0.29 ± 0.13 0 . 0 0 -  1.30 

O c t o b e r  1986  
50 18 51.6 ± 0.38 4 8 . 2 -  54.9 18 0.54 ± 0.18 0 . 0 0 -  2.50 

100 18 102.4 ± 0.77 94.1 - 107.0 18 0.47 ± 0.14 0.00 - 1.20 
200 18 203.8 ± 1.58 187.0 - 215.0 18 0.40 ± 0.14 0.00 - 1.20 

N o v e m b e r  1986  
50 17 52.7 ± 0.41 4 9 . 6 -  54.9 17 0.37 ± 0.14 0 .04)-  1.30 

100 17 103.0 ± 0.45 99.3 - 107.0 17 0.45 ± 0.15 0.00 - 1.30 
200 17 203.4 ± 1.14 1 9 4 . 0 -  213.0 17 0.29 ± 0.17 0 . 0 0 -  2.50 

D e c e m b e r  1986  
50 18 52.1 ± 0.34 50.1 - 55.2 18 0.36 ± 0.14 0 . 0 0 -  1.30 

100 18 103.1 ± 0.41 101.0 - 107,0 18 0.50 ± 0.15 0.00 - 1.30 
200 18 201.4 ± 1.24 1 9 2 . 0 -  213.0 18 0.57 ± 0.18 0 . 0 0 -  2.50 

January 1987 
50 19 51.8 _+ 0.37 50.1 - 54.5 19 0.38 ± 0.16 0 . 0 0 -  2.50 

100 19 101.8 ± 0.42 99.4 - 106.0 19 0.32 ± 0.12 0.00 - 1.20 
200 19 201.4 ± 1.19 1 8 9 . 0 -  212.0 19 0.38 ± 0.13 0 . 0 0 -  1.20 

The  analysis of  dose formulations for rats and mice began on 28 January 1985 and ended on 2 February 1987. A total of  
2,670 analyses were performed to determine monochloramine and dichloramine concentrations of  the dose formulations. This 
table presents  monthly averages for dose formulation samples obtained prior to administration. The  NTP ,Archives maintain the 
complete data for dose formulation analyses performed during the 2-year studies. 
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TAaLE K 4  

R e s u l t s  o f  A n a l y s i s  o f  C h l o r i n a t e d  W a t e r  D o s e  F o r m u l a t i o n s  f r o m  R a t  A n i m a l - R o o m  S a m p l e s  

i n  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  a 

Date  P repa red  Date  Analyzed 
Targe t  D e t e r m i n e d  

Concen t r a t i on  b C o n c e n t r a t i o n  
(ppm) (ppm) 

% Difference 
f rom Targe t  

11 February 1985 

16 March 1985 

13 April 1985 

11 May 1985 

8 June 1985 

6 July 1985 

17 August 1985 

14 September 1985 

12 October 1985 

9 November 1985 

7 December 1985 

11 January 1986 

13 February 1985 

18 March 1985 

15 April 1985 

13 May 1985 

10 June 1985 

8 July 1985 

19 August 1985 

16 September 1985 

14 October 1985 

11 November 1985 

9 December 1985 

13 January 1986 

70 65.8 - 6  
140 134 - 4  
275 269 - 2  

70 65.4 - 7  
140 133 - 5  
275 264 - 4  

70 66.4 - 5  
140 135 - 4  
275 251 - 9  

70 64.9 - 7  
140 131 - 6  
275 268 - 3  

70 56.7 - 1 9  
140 135 - 4  
275 266 - 3  

70 60.3 - 1 4  
140 130 - 7  
275 253 - 8  

70 71.5 +2  
140 141 < + 1  
275 278 + 1 

70 70.9 +1 
140 132 - 6  
275 270 - 2  

70 61.7 - 1 2  
140 137 - 2  
275 269 - 2  

70 64.4 - 8  
140 137 - 2  
275 274 - 1  

70 66.7 - 5  
140 144 +3 
275 280 +2  

70 67.2 - 4  
140 134 - 4  
275 270 - 2  
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TABLE K4 
Results  of  Analysis of  Chlorinated Water Dose  Formulations from Rat Animal-Room Samples 
in the 2-Year Chlorinated and Chloraminated Water Studies (continued) 

Date Prepared  Date Analyzed 
Target  Determined  

Concentration Concent ra t ion  
(ppm) (ppm) 

% Difference 
f rom Target  

8 February 1986 10 February 1986 

8 March 1986 10 March 1986 

12 April 1986 14 April 1986 

10May1986 12May1986 

7 June 1986 9 June 1986 

12 July 1986 14 July 1986 

70 72.5 +4 
140 140 0 
275 273 - 1 

70 68.3 - 2  
140 137 - 2  
275 280 +2 

70 70.0 0 
140 137 - 2  
275 277 +1 

70 69.9 - 1 
140 137 - 2  
275 282 +3 

70 67.3 - 4  
140 137 - 2  
275 267 - 3  

70 72.0 +3 
140 140 0 
275 276 + 1 

9 August 1986 11 August 1986 70 69.7 
140 136 
275 278 

8 September 1986 

13 October 1986 

6 September 1986 

11 October 1986 

15 November 1986 

6 December 1986 

17 November 1986 

8 December 1986 

10 January1987 12 January1987 

- 1  
- 3  
÷1 

70 71.3 +2 
140 142 +1 
275 279 + 1 

70 71.5 +2 
140 147 +5 
275 290 +5 

70 71.9 +3 
140 142 +1 
275 286 +4 

70 69.9 - 1  
140 137 - 2  
275 271 - 1  

70 71.0 +1 
140 143 +2 
275 278 + 1 

a Results of all vehicle analyses were below the limit of detection and are not included in the table. 
b Concentrations are reported as ppm of available atomic chlorine. 
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TABLE K S  

R e s u l t s  o f  T r i h a l o m e t h a n e  A n a l y s i s  a f r o m  C h l o r i n a t e d  W a t e r  A n i m a l . R o o m  S a m p l e s  f o r  R a t s  

i n  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h i o r a m i n a t e d  W a t e r  S t u d i e s  

T r i h a l o m e t h a n e  C o n c e n t r a t i o n  (ppb)  
Da te  Da te  Targe t  Bromodi -  Chlorodi -  
Mixed Analyzed Conc. b Ch lo ro fo rm c h l o r o m e t h a n e  b r o m o m e t h a n e  B r o m o f o r m  

11 February 1985 15 February 1985 Control 1.1 <1.0 ND 
Vehicle < 1.0 ND ND 
70 ppm 91.5 2.4 ND 

140 ppm 111.5 2.0 ND 
275 ppm 74.5 ND ND 

16 March 1985 19 March 1985 Control <1.0 ND ND 
Vehicle c < 1.0 ND ND 
70 ppm 48.5 ND ND 

140 ppm 42.0 ND ND 
275 ppm 70.0 ND ND 

13 April 1985 16 April 1985 Control ND ND ND 
Vehicle < 1.0 ND ND 
70 ppm 23.5 1.9 <1.0 

140 ppm 35.5 2.9 1.3 
275 ppm 42.0 3.6 1.2 

11 May 1985 14 May 1985 Control <1.0 ND ND 
Vehicle ¢ < 1.0 ND ND 
70 ppm 36.5 1.5 < 1.0 

140 ppm 45.5 1.5 <1.0 
275 ppm 35.0 <1.0 ND 

8 June 1985 12 June 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 56.0 2.6 <1.0 

140 ppm 19.5 <1.0 <1.0 
275 ppm 44.0 1.4 <1.0 

6 July 1985 9 July 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 22.0 <1.0 ND 

140 ppm 31.5 <1.0 ND 
275 ppm 53.0 <1.0 ND 

17 August 1985 22 August 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 27.4 2.9 <1.0 

140 ppm 22.1 1.1 ND 
275 ppm 22.2 1.1 ND 

14 September 1985 17-18 September 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 47.4 2.1 ND 

140 ppm 62.0 1.7 ND 
275 ppm 46.7 <1.0 ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
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TABLE K $  

R e s u l t s  o f  T r i h a l o m e t h a n e  A n a l y s i s  f r o m  C h l o r i n a t e d  W a t e r  A n i m a l . R o o m  S a m p l e s  f o r  R a t s  

in  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h i o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

Tr iha lomethane  Concent ra t ion  (ppb) 
Date Date Target  Bromodi-  Chlorodi-  
Mixed Analyzed Conc. Chloroform ch loromethane  b r o m o m e t h a n e  Bromoform 

12 October 1985 17-18 October 1 9 8 5  Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 56.2 1.3 ND 

140 ppm 49.0 <1.0 ND 
275 ppm 45.0 <1.0 ND 

9 November 1985 13-15 November 1985  Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 100.8 4.8 <1.0 

140 ppm 39.1 3.4 < 1.0 
275 ppm 37.0 2.7 ND 

7 December 1985 10-11 December 1985  Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 39.4 2.7 ND 

140 ppm 62.1 2.6 <1.0 
275 ppm 74.3 2.3 ND 

11 January 1986 15-16 January 1986 Control 1.8 1.2 <3.0 
Vehicle 1.1 1.2 < 3.0 
70 ppm 176.3 7.1 <3.0 

140 ppm 137.8 5.3 <3.0 
275 ppm 157.9 5.5 <3.0 

8 February 1986 11-12 February 1986 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 88.6 4.7 ND 

140 ppm 135.8 5.2 ND 
275 ppm 98.9 3.6 ND 

8 March 1986 11-12 March 1986 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 149.5 3.7 ND 

140 ppm 175.0 3.0 ND 
275 ppm 213.3 2.4 ND 

12 April 1986 15 April 1986 Control 1.8 ND ND 
Vehicle 1.4 ND ND 
70 ppm 97.4 1.6 ND 

140 ppm 103.7 1.3 <1.0 
275 ppm 91.3 <1.0 ND 

10 May 1986 13-14 May 1986 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 43.4 1.3 ND 

140 ppm 34.7 < 1.0 ND 
275 ppm 44.1 <1.0 ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
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TABIJ~ K~ 
Results  o f  Trihalomethane Analysis from Chlorinated Water Animal .Room Samples for Rats 
in the 2-Year Chlorinated and Chloraminated Water Studies (continued) 

Tr iha lomethane  Concent ra t ion  (ppb) 
Date Date Target Bromodi- Chlorodi- 
Mixed Analyzed Conc. Chloroform chloromethane bromomethane Bromoform 

7 June 1986 12-13 June 1986 

12 July 1986 15-16 July 1986 

9 August 1986 12-13 August 1986 

6 September 1986 9-10 September 1986 

11 October 1986 14-15 October 1986 

15 November 1986 18-21 November 1986 

6 December 1986 12-13 December 1986 

10 January 1987 14 January 1987 

Control <1.0 ND ND ND 
Vehicle <1.0 ND ND ND 
70 ppm 48.6 2.4 < 1.0 ND 

140 ppm 54.6 1.7 ND ND 
275 ppm 80.9 1.6 ND ND 

Control <1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 48.6 1.9 <1.0 ND 

140 ppm 125.0 2.4 1.5 ND 
275 ppm 57.9 1.6 1.9 ND 

Control 1.1 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 35.6 2.4 ND ND 

140 ppm 46.2 2.2 ND ND 
275 ppm 43.4 1.9 ND ND 

Control <1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 24.1 1.5 < 1.0 ND 

140 ppm 14.9 <1.0 ND ND 
275 ppm 11.5 <1.0 ND ND 

Control < 1.0 ND 1.7 ND 
Vehicle < 1.0 ND 1.8 ND 
70 ppm 50.9 1.7 1.8 ND 

140 ppm 58.3 1.7 1.8 ND 
275 ppm 36.2 <1.0 1.8 ND 

Control 1.2 < 1.0 10.9 3.3 
Vehicle < 1.0 < 1.0 6.3 2.0 
70 ppm 70.9 2.4 2.4 1.0 

140 ppm 133.5 2.8 2.7 1.0 
275 ppm 65.4 < 1.0 1.9 < 1.0 

Control 7.5 ND 1.0 ND 
Vehicle 5.2 ND < i.0 4.4 
70 ppm 126.8 4.6 1.1 ND 

140 ppm 164.5 3.3 ND ND 
275 ppm 134.5 2.5 <1.0 ND 

Control < 1.0 < 1.0 ND ND 
Vehicle <1.0 ND ND <1.0 
70 ppm 136.0 6.4 1.1 <1.0 

140 ppm 109.0 4.1 <1.0 <1.0 
275 ppm 83.5 2.7 < 1.0 < 1.0 

ND Not detected 
a Results of duplicate analyses except where noted 
b Control sample was deionized water and represents an analysis control, not an animal-room sample. Vehicle was deionized 

water that was used in the animal room. Concentrations are reported as ppm of available atomic chlorine. 
c n = l  
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TABLE K6 
Resu l t s  o f  Analys i s  o f  Chloraminated  Water  D o s e  Formula t ions  from Rat  ~ i m a I . R o o m  Samples  
in the  2 .Year  Chlor inated .and Chloraminated  Water  Studies* 

Date Prepared Date Analyzed 
Target 

Concentration b 
(ppm) 

Determined Concentration c (ppm) 
Monochloramine Dichloramine 

11 February 1985 13 February 1985 

16 March 1985 18 March 1985 

13 April 1985 15 April 1985 

11 May 1985 13 May 1985 

8 June 1985 10 June 1985 

6 July 1985 8 July 1985 

17 August 1985 19 August 1985 

14 September 1985 

12 October 1985 

9 November 1985 

7 December 1985 

11 January 1986 

16 September 1985 

14 October 1985 

50 48.1 (+4) 1.1 
100 95.0 ( -5)  1.1 
200 179 (-11) 2.1 

50 49.4 ( -1 )  7.1 
100 98.8 ( - 1 )  1.1 
200 182 ( - 9 )  1.1 

50 46.0 (-s) 0.0 
100 96.4 (-4) 1.2 
200 172 (-14) 1.2 

50 46.4 ( -7)  1.2 
100 91.3 ( -9)  1.2 
200 176 (-12) 1.2 

50 48.9 ( - 2 )  0.0 
100 92.7 ( -7)  1.2 
200 174 (-13) 1.2 

50 44.2 ( -12)  1.3 
100 92.2 ( -8 )  1.3 
200 174 ( -13)  1.3 

50 50.4 (+1) 1.2 
100 97.9 ( -2)  1.2 
200 190 (-5)  1.2 

50 50.8 (+2) 1.2 
100 102 (+2) 1.2 
200 195 ( -3)  1.2 

50 48.5 ( - 3 )  1.2 
100 99.3 C-1) 1.2 
20o 187 ( - 7 )  1.2 

11 November 1985 50 49.3 ( -1)  0.0 
100 95.7 ( -4)  1.2 
200 180 (-10) 1.2 

9 December 1985 

13 January 1986 

50 52.0 (+4) 1.3 
100 100 (0) 1.3 
200 193 ( -4)  1.3 

50 49.2 ( -2 )  1.3 
100 96.9 ( - 3 )  1.3 
20O 182 ( - 9 )  1.3 
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TABLE K6 
Resu l t s  o f  Analysis  of  C h i o r a m i n a t e d  W a t e r  Dose  F o r m u l a t i o n s  f rom R a t  A n i m a l - R o o m  Samples  

in the  2-Year  Ch lo r ina t ed  and  C h l o r a m i n a t e d  W a t e r  S tudies  (continued) 

Date Prepared Date Analyzed 
Target 

Concentration 
(ppm) 

Determined Concentration (ppm) 
Monochloramine Dichloramine 

8 February 1986 10 February 1986 

8 March 1986 10 March 1986 

50 47.4 ( - 5 )  1.2 
100 93.4 ( - 7 )  1.2 
200 192 ( - 4 )  1.2 

50 46.2 ( -8)  0.0 
100 93.8 ( -6)  0.0 
200 172 (-14) 0.0 

12 April 1986 14 April 1986 50 44.3 ( -11)  0.0 
100 9O.0 ( - lO)  1.2 
200 182 ( -9 )  0.0 

10 May 1986 12 May 1986 

7 June 1986 9 June 1986 

12 July 1986 14 July 1986 

50 50.4 (+1) 1.2 
100 95.6 (-4) 0.0 
200 188 (-6)  0.0 

50 48.9 ( -2)  1.3 
100 94.0 ( -6)  1.3 
200 179 (-11) 1.3 

5o 49.7 (-1) o.o 
100 101 (+1) 0.0 
200 202 (+I) 0.0 

9 August 1986 11 August 1986 50 45.3 ( -9)  0.0 
100 95.1 ( -5)  0.0 
200 198 ( -1)  0.0 

8 September 1986 

13 October 1986 

17 November 1986 

8 December 1986 

12 January 1987 

6 September 1986 

11 October 1986 

15 November 1986 

6 December 1986 

10 January 1987 

50 51.4 (+3) 0.0 
100 97.4 ( -3)  0.0 
200 195 (-2)  0.0 

50 48.9 ( -2 )  0.0 
100 100 (0) 0.0 
e00 204 (+2)  0.0 

50 49.6 ( -1)  1.3 
100 98.5 ( -1)  1.3 
200 186 ( -7)  1.3 

50 49.6 ( -1)  1.3 
100 98.5 ( -2)  1.3 
200 179 (-11) 1.3 

50 48.6 (--3) 0.0 
lOO 10o (o) 0.0 
200 187 (--7) 0.0 

a Results of all vehicle analyses were below the limit of detection and are not included in the table. 
b Concentrations are reported as ppm chloramine. 
c The numbers in parentheses are the percent differences from target concentration. 
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TABLE K 7  

R e s u l t s  o f  T r i h a l o m e t h a n e  A n a l y s i s  a f r o m  C h l o r a m i n a t e d  W a t e r  A n i m a l - R o o m  S a m p l e s  f o r  RaGs 

in  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  

Tr iha lomethane  Concent ra t ion  (ppb) 
Date Date Target Bromodi- Chiorodi- 
Mixed Analyzed Conc. b Chloroform chloromethane bromomethane B ~ o ~ o ~ o ~  

11 February 1985 15 February 1985 Control 1.1 <1.0 ND 
Vehicle < 1.0 ND ND 
50 ppm 2.2 ND ND 

100 ppm 2.5 ND ND 
200 ppm 3.2 ND ND 

16 March 1985 19 March 1985 Control <1.0 ND ND 
Vehicle c < 1.0 ND ND 
50 ppm d <1.0 ND ND 

100 ppm < 1.0 ND ND 
200 ppm <1.0 ND ND 

13 April 1985 16 April 1985 Control ND ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm < 1.0 ND ND 
200 ppm <1.0 ND ND 

11 May 1985 14 May 1985 Control <1.0 ND ND 
Vehicle c < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm < 1.0 ND ND 
200 ppm <1.0 ND ND 

8 June 1985 12 June 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm <1.0 ND ND 
200 ppm <1.0 ND ND 

6 July 1985 9 July 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm <1.0 ND ND 
200 ppm < 1.0 ND ND 

17 August 1985 22 August 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm 1.2 ND ND 
200 ppm 2.0 ND ND 

i4 September 1985 17-18 September 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm < 1.0 ND ND 
200 ppm 1.2 ND ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
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TABLE K 7  

R e s u l t s  o f  T r i h a l o m e t h a n e  A n a l y s i s  f r o m  C h l o r a m i n a t e d  W a t e r  A n i m a l - R o o m  S a m p l e s  f o r  R a t s  " 

i n  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

Trihalomethane Concentration (wb)  
Date  Da te  Ta rge t  Bromodi -  Chlorodi -  
Mixed Analyzed Conc. Ch lo ro fo rm c h i o m m e t h a n e  b r o m o m e t h a n e  Bromofom 

12 October 1985 17-18 October 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm 1.7 ND ND 
100 ppm 2.6 ND ND 
200 ppm 3.1 ND ND 

9 November 1985 13-15 November 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm <1.0 ND ND 
200 ppm < 1.0 < 1.0 ND 

7 December 1985 10-11 December 1985 Control <1.0 ND ND 
Vehicle <1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm 1.3 ND ND 
200 ppm 1.8 ND ND 

11 January 1986 15-16 January 1986 Control 1.8 1.2 <3.0 
Vehicle 1.1 1.2 <3.0 
50 ppm 1.2 1.2 <3.0 

100 ppm 1.3 1.2 <3.0 
200 ppm 2.1 <1.0 ND 

8 February 1986 11-12 February 1986 Control <1.0 ND ND 
Vehicle <1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm <1.0 ND ND 
200 ppm 1.5 ND ND 

8 March 1986 11-12 March 1986 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm 1.2 ND ND 
200 ppm 2.7 ND ND 

12 April 1986 15 April 1986 Control 1.8 ND ND 
Vehicle 1.4 ND ND 
50 ppm 2.0 ND ND 

100 ppm 2.1 ND ND 
200 ppm 2.8 < 1.0 ND 

10 May 1986 13-14 May 1986 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm 2.9 ND ND 

100 ppm 2.1 ND ND 
200 ppm 2.8 ND ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 

ND 
NO 
NO 
NO 
NO 

ND 
NO 
NO 
NO 
ND 

NO 
ND 
ND 
ND 
NO 

NO 
ND 
NO 
ND 
NO 
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TAnLE K 7  

R e s u l t s  o f  T r t h a l o m e t h a n e  A n a l y s i s  f r o m  C h o r a m i n a t e d  W a t e r  A n i m a l - R o o m  Samples f o r  R a t s  

i n  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

Trihaiomethane Concentration (ppb) 
Date Date  Target  Bromodi-  Chlorodi-  
Mixed Analyzed Cone. Chloroform ch loromethane  b r o m o m e t h a n e  Bromoform 

7 June 1986 12-13 June 1986 

12 July 1986 15-16 July 1986 

9 August 1986 12-13 August 1986 

6 September 1986 9-10 September 1986 

11 October 1986 14-15 October 1986 

15 November 1986 18-21 November 1986 

6 December 1986 12-13 December 1986 

10 January 1987 14 January 1987 

Control <1.0 ND ND ND 
Vehicle <1.0 ND ND ND 
50 ppm < 1.0 ND ND ND 

100 ppm < 1.0 ND ND ND 
200 ppm <1.0 ND ND ND 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
50 ppm <1.0 ND ND ND 

100 ppm <1.0 ND ND ND 
200 ppm <1.0 ND ND ND 

Control 1.1 ND ND ND 
Vehicle < 1.0 ND ND ND 
50 ppm 1.4 ND ND ND 

100 ppm 2.0 ND ND ND 
200 ppm 1.9 ND ND ND 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
50 ppm <1.0 ND ND ND 

100 ppm <1.0 ND ND ND 
200 ppm <1.0 ND ND ND 

Control < 1.0 ND 1.7 ND 
Vehicle < 1.0 ND 1.8 ND 
50 ppm <1.0 ND 1.8 ND 

100 ppm 1.1 ND 2.4 ND 
200 ppm 2.2 ND ND ND 

Control 1.2 <1.0 10.9 3.3 
Vehicle < 1.0 < 1.0 6.3 2.0 
50 ppm <1.0 <1.0 2.5 1.1 

100 ppm 1.1 < 1.0 2.4 1.3 
2oo ppm 1.4 < 1.0 2.4 1.1 

Control 7.5 ND 1.0 ND 
Vehicle 5.2 ND < 1.0 4.4 
50 ppm 5.1 ND ND <1.0 

100 ppm 5.7 <1.0 ND ND 
200 ppm 7.7 < 1.0 ND ND 

Control < 1.0 < 1.0 ND ND 
Vehicle < 1.0 ND ND < 1.0 
50 ppm 1.3 <1.0 ND <1.0 

100 ppm 2.2 ND ND <1.0 
200 ppm 3.9 <1.0 ND <1.0 

ND Not detected 
a Results of duplicate analyses except where noted 
b Control sample was deionized water and represents an analysis control, not an animal-room sample. Vehicle was deionized 

water that was used in the animal room. Concentrations are reported as ppm chloramine. 
c n----1 
d The samples were pooled. 
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TABLE K8 
Results  o f  Analysis of  Chlorinated Water Dose  Formulat ions from Mouse  Animal -Room Samples 
in the 2-Year Chlorinated and Chioraminated Water Studies a 

Targe t  De te rmined  % Difference 
Date  P r e p a r e d  Da te  Analyzed Concen t r a t ion  b Concen t r a t i on  f rom Targe t  

(ppm) (ppm) 

26 December 1984 28 December 1984 70 43.6 - 3 8  
140 134 - 4  
275 259 - 6  

31 December 1984 2 January 1985 70 ¢ 48.8 - 3 0  
70 67.7 - 3  
70 65.5 -6 
70 63.7 - 9  
70 66.8 - 5  
70 67.7 - 3  

14 January 1985 16 January 1985 70 62.8 - 1 0  
140 132 - 6  
275 273 - 1  

11 February 1985 13 February 1985 70 d 56.2 - 2 0  
70 64.1 - 8  

140 136 - 3  
275 264 - 4  

16 March 1985 18 March 1985 70 68.5 - 2  
140 133 - 5  
275 254 - 8  

13 April 1985 15 April 1985 70 66.9 - 4  
140 134 - 4  
275 255 - 7  

11 May 1985 13 May 1985 70 60.3 - 1 4  
140 132 - 6  
275 272 - 1  

8 June 1985 10 June 1985 70 62.3 - 1 1  
140 135 - 4  
275 263 - 4  

6 July 1985 8 July 1985 70 55.1 -21  
140 128 - 9  
275 251 - 9  

17 August 1985 19 August 1985 70 69.9 - 1  
140 143 +2 
275 280 +2  

14 September 1985 16 September 1985 70 72.0 +3 
140 137 - 2  
275 271 - 1  

12 October 1985 14 October 1985 70 66.3 - 5  
140 137 - 2  
275 269 - 2  

9 November 1985 11 November 1985 70 67.9 - 3  
140 128 - 9  
275 271 - 1  
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TABLE K8 
Results of Analysis of Chlorinated Water Dose Formulations from Mouse Animal-Room S a ~ e ~  
in the 2-Year Chlorinated and Chioraminated Water Studies (continued) 

Target  Determined  % D~ffege~ce 
Date  P repared  Date  Analyzed Concentra t ion Concentra t ion  a f rom Tair~et 

(ppm) (ppm) 

7 December 1985 9 December 1985 

11 January 1986 13 January 1986 

8 February 1986 10 February 1986 

8 March 1986 10 March 1986 

12 April 1986 14 April 1986 

10 May 1986 12 May 1986 

7 June 1986 9 June 1986 

12 July 1986 14 July 1986 

9 August 1986 11 August 1986 

70 72.1 +3 
140 143 +2 
275 283 +3 

70 67.7 - 3  
140 135 - 4  
275 271 - 1  

70 71.0 +1 
140 139 - 1  
275 274 - 1  

70 68.3 - 2  
140 136 - 3  
275 278 +1 

70 69.0 - 1  
140 145 +4 
275 280 +2 

70 69.9 - 1  
140 135 - 4  
275 282 +3 

70 66.8 - 5  
140 137 - 2  
275 268 - 3  

70 69.9 - 1  
140 138 - 1  
275 274 - 1 

70 67.6 - 3  
140 133 - 5  
275 280 +2 

6 September 1986 8 September 1986 70 70.3 +1 
140 144 +3 
275 279 + 1 

11 October 1986 13 October 1986 

17 November 1986 15 November 1986 

70 71.0 + 1 
140 146 +4 
275 289 +5 

70 71.9 +3 
140 138 - 1  
275 288 +5 

a Results of all vehicle analyses were below the limit of detection and are not included in the table. 
b Concentrations are reported as ppm of available atomic chlorine. 
c Samples from the 70 ppm chlorine dose level were reanalyzed due to previous low values. 
d Sample was reanalyzed due to low value. 
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TABLE K 9  

R e s u l t s  o f  T r i h a l o m e t h a n e  A n a l y s i s  a f r o m  C h l o r i n a t e d  W a t e r  A n i m a l - R o o m  S a m p l e s  f o r  M i c e  

in  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h i o r a m i n a t e d  W a t e r  S t u d i e s  

Date Date  Target  
Mixed Analyzed Cone. b Chloroform 

Trihalomethane Concentration (orb) 
Bromodi- Chlorodi- 

chloromethane bromomethane Bromofom 

26 December 1984 29 December 1984 Control <1.0 <1.0 ND 
Vehicle < 1.0 < 1.0 ND 
70 ppm NA NA NA 

140 ppm NA NA NA 
275 ppm NA NA NA 

14 January 1985 22 January 1985 Control <1.0 ND ND 
Vehicle <1.0 ND ND 
70 ppm 256.0 5.2 2.8 

140 ppm 386.0 4.5 <1.0 
275 ppm 415.0 2.8 ND 

11 February 1985 15 February 1985 Control 1.1 <1.0 ND 
Vehicle < 1.0 ND ND 
70 ppm 59.0 1.7 c < 1.0 c 

140 ppm 51.5 1.1 <1.0 
275 ppm 62.5 < 1.0 < 1.0 

16 March 1985 19 March 1985 Control <1.0 ND ND 
Vehicle <1.0 ND ND 
70 ppm 29.5 ND ND 

140 ppm 28.5 ND ND 
275 ppm 28.5 ND ND 

13 April 1985 16 April 1985 Control ND ND ND 
Vehicle < 1.0 ND ND 
70 ppm d 24.0 1.8 1.2 

140 ppm 24.5 1.8 ND 
275 ppm 35.0 1.9 ND 

11 May 1985 14 May 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 63.0 < 1.0 < 1.0 

140 ppm 25.5 <1.0 <1.0 
275 ppm 26.0 ND ND 

8 June 1985 12 June 1985 Control <1.0 biD ND 
Vehicle < 1.0 ND ND 
70 ppm 39.5 1.8 <1.0 

140 ppm 26.0 <1.0 <1.0 
275 ppm 29.5 < 1.0 < 1.0 

6 July 1985 9 July 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 19.5 <1.0 ND 

140 ppm 26.0 < 1.0 ND 
275 ppm 22.5 <1.0 ND 

17 August 1985 22 August 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
70 ppm 17.9 1.4 ND 

140 ppm 16.2 1.2 ND 
275 ppm 15.5 <1.0 ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND c 

ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
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TABLE K 9  

R e s u l t s  o f  T r i h a l o m e t h a n e  A n a l y s i s  f r o m  C h l o r i n a t e d  W a t e r  A n i m a l - R o o m  S a m p l e s  f o r  M i c e  

in  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h i o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

Trihalomethane Concentration (ppb) 
Date  Date  Target  Bromodi-  Chlorodi-  
Mixed Analyzed Cone.. Chloroform ch loromethane  b romomethane  Bromoform 

14 September 1985 17-18 September 1985 

12 October 1985 1%18 October 1985 

9 November 1985 13-15 November 1985 

7 December 1985 10-11 December 1985 

11 January 1986 15-16 January 1986 

8 February 1986 11-12 February 1986 

8 March 1986 11-12 March 1986 

12 April 1986 15 April 1986 

Control < 1.0 ND ND ND 
Vehicle <1.0 ND ND ND 
70 ppm 33.4 1.2 ND ND 

140 ppm 30.5 <1.0 ND ND 
275 ppm 24.0 <1.0 ND ND 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 22.7 <1.0 ND ND 

140 ppm 21.7 <1.0 ND ND 
275 ppm 17.8 <1.0 ND ND 

Control < 1.0 ND ND ND 
Vehicle < 1.0 < 1.0 ND ND 
?0 ppm 2,3.7 1.8 < 1.0 ND 

140 ppm 25.8 2.0 <1.0 ND 
2?5 ppm 21.4 1.7 ND ND 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
?0 ppm 10.7 1.6 ND ND 

140 ppm 18.6 1.? ND ND 
275 ppm 18.2 <1.0 ND ND 

Control 1.8 1.2 < 3.0 <5.0 
Vehicle < 1.0 1.1 <3.0 <5.0 
70 ppm 69.5 2.4 <3.0 <5.0 

140 ppm 70.3 2.2 <3.0 <5.0 
275 ppm 52.8 2.1 ND <5.0 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 40.2 3.4 ND ND 

140 ppm 47.8 3.1 ND ND 
275 ppm 40.6 2.9 ND ND 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 70.6 2.5 ND ND 

140 ppm 69.2 2.3 ND ND 
275 ppm 96.9 2.2 ND ND 

Control 1.8 ND ND ND 
Vehicle 1.4 ND ND ND 
70 ppm 51.8 <1.0 ND ND 

140 ppm 40.6 <1.0 <1.0 ND 
275 ppm 43.9 <1.0 ND ND 
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TABLE K 9  

R e s u l t s  o f  T r i h a l o m e t h a n e  A n a l y s i s  f r o m  C h l o r i n a t e d  W a t e r  A n i m a l - R o o m  Samples for Mice 
~n ~he 2-Year Chlorinated and Chloraminated Water Studies (continued) 

Trihalomethane Concentration (ppb) 
Dam Date  Target  Bromodi-  Chiorodi-  
Mixed Analyzed Coned Chloroform chloromethane bromomethane Bromoform 

10 May 1986 13-14 May 1986 

7 June 1986 12-13 June 1986 

12 July 1986 15-16 July 1986 

9 August 1986 12-13 August 1986 

6 September 1986 9-10 September 1986 

11 October 1986 14-15 October 1986 

15 November 1986 18-21 November 1986 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 31_5 1.2 ND ND 

140 ppm 25.9 <1.0 ND ND 
275 ppm 35.0 <1.0 ND ND 

Control <1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 25.3 1.7 <1.0 ND 

140 ppm 28.4 1.4 ND ND 
275 ppm 38.9 1.2 ND ND 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 40.5 1.7 1.5 ND 

140 ppm 44.5 1.5 < 1.0 ND 
275 ppm 35.5 1.4 1.5 ND 

Control 1.1 ND ND ND 
Vehicle 1.1 ND ND ND 
70 ppm 25.1 2.2 ND ND 

140 ppm 33.2 1.9 ND ND 
275 ppm 28.5 1.7 ND ND 

Control < 1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
70 ppm 8.7 < 1.0 < 1.0 ND 

140 ppm 7.8 <1.0 ND ND 
275 ppm 10.0 <1.0 ND ND 

Control < 1.0 ND 1.7 ND 
Vehicle < 1.0 ND 2.0 ND 
70 ppm 26.8 1.4 1.8 ND 

140 ppm 36.1 1.2 1.7 ND 
275 ppm 23.1 <1.0 1.7 ND 

Control 1.2 < 1.0 10.9 
Vehicle < 1.0 < 1.0 7.1 
70 ppm 45.5 1.5 2.4 

140 ppm 47.3 1.1 2.3 
275 ppm 56.6 <1.0 2.4 

3.3 
3.2 
1.1 
1.1 
1.0 

NA Not Analyzed 
ND Not Detected 
a Results of duplicate analyses except where noted 
b Control sample was deionized water and represents an analysis control, not an animal-room sample. Vehicle was deionized 

water that was used in the animal room. Concentrations are reported as ppm of available atomic chlorine. 
c n--l;  the second sample was spilled during dilution process. 
d n= l ;  the second sample was lost during exlraction. 
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TABLE KI0 
Results of  Analysis of  Chioraminated Water Dose Formulations from Mouse Animal-Room Samples 
in the 2-Year Chlorinated and Chloraminated Water Studies a 

Date Prepared Date Analyzed 
Target 

Concentration b 
(ppm) 

Determined Concentration ¢ (ppm) 
Monochloramine Dichioramine 

26 December 1984 28 December 1984 

14 January 1985 16 January 1985 

11 February 1985 13 February 1985 

16 March 1985 18 March 1985 

13 ,April 1985 15 April 1985 

11 May 1985 13 May 1985 

8 June 1985 10 June 1985 

6 July 1985 8 July 1985 

17 August 1985 19 August 1985 

14 September 1985 

12 October 1985 

9 November 1985 

7December1985 

16 September 1985 

14 October 1985 

11 November 1985 

9 December 1985 

5o 45.6 ( -9)  2.1 
lo0 89.9 (-10) 2.1 
200 169.0 (-16) 2.1 

50 48.8 ( -2)  2.1 
100 95.6 ( -4)  2.1 
200 175.0 (-13) 3.2 

50 50.0 ( -0)  1.1 
i0o 93.7 ( -6)  1.1 
200 175 (-13) 1.1 

50 49.4 ( -1)  1.1 
lo0 95.6 ( -4)  1.1 
2o0 178 (-11) 1.1 

50 45.2 (-10) 1.2 
100 95.6 ( -4)  2.5 
200 167 (-17) 1.2 

50 45.6 ( -9)  1.2 
lo0 90.5 (-10) 1.2 
200 172 (-14) 1.2 

50 48.2 ( -4)  0.0 
lo0 91.2 ( -9)  1.2 
200 171 (-15) 1.2 

50 45.0 (-10) 1.3 
lo0 89.9 (-10) 1.3 
200 169 (-15) 1.3 

50 48.9 (-2) 1.2 
100 96.4 (-4) 1.2 
200 189 (-6) 1.2 

50 50.0 (0) 1.2 
lo0 101 (+1) 1.2 
200 192 (-4)  1.2 

50 47.0 (-6)  1.2 
100 97.0 ( -3)  1.2 
200 181 (-10) 1.2 

50 47.9 ( -4)  0.0 
lo0 95.7 (-4)  1.2 
200 179 (-11) 1.2 

50 51.2 (+2) 1.3 
100 101 (+1) 1.3 
200 187 (-7)  1.3 
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TABLE K I 0  
Resul t s  of Analys is  of Ch lo r amina t ed  W a t e r  Dose F o r m u l a t i o n s  from Mouse  A n i ma l - R oom Samples  
in  the  2-Year Ch lo r ina ted  and  Ch lo ramina t ed  W a t e r  Studies  (continued) 

Date Prepared Date Analyzed 
Target 

Concentration 
(ppm) 

Determined Concentration (ppm) 
Monocldor~mine Dichloramine 

11 January 1986 

8 February 1986 

13 January 1986 

10 February 1986 

8 March 1986 10 March 1986 

12 April 1986 14 April 1986 

10 May 1986 12 May 1986 

7 June 1986 9 June 1986 

12 July 1986 14 July 1986 

9 August 1986 11 August 1986 

6 September 1986 

11 October 1986 

15 November 1986 

8 September 1986 

13 October 1986 

17 November 1986 

50 49.2 (-2)  1.3 
lOO sT.s ( - 1 2 ) ,  1.3 
2oo 176 (-12) 1.3 

5o 47.4 ( -5 )  1.2 
loo 95.6 ( -4 )  1.2 
20O 190 ( -5 )  1.2 

50 46.2 ( -8 )  0.0 
loo 91.6 ( -8 )  0.0 
200 170 ( -15)  0.0 

50 48.6 (-3)  1.2 
loo 88.6 (-11) 1.2 
20O 179 (-10 1.2 

50 50.4 (+1) 0.0 
loo 92.7 (-7)  1.2 
200 183 ( -8)  1.2 

50 48.1 ( -4)  1.3 
100 94.7 (-5)  1.3 
200 177 (-12) 1.3 

50 48.9 (-2)  1.2 
100 98.6 ( -1)  0.0 
2oo 199 (-1)  0.0 

50 45.3 ( -9)  0.0 
100 95.1 (-5)  0.0 
200 192 (-4)  0.0 

50 52.1 (+4) 0.0 
100 98.1 ( -2)  0.0 
2o0 196 (-2)  0.0 

50 49.7 (-1)  0.0 
100 99.3 (-1)  1.2 
20o 2o2 (+1) 1.2 

50 48.1 (-4)  1.3 
100 96.2 ( -4)  1.3 
200 185 (-7)  1.3 

a Numbers specify 50, I00, and 200 ppm chloramine. Results of all vehicle analyses were below the limit of detection and are not 
included in the table. 

b Concentrations are reported as ppm of chloramine 
c The numbers in parentheses are the percent differences from target concentration 
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TABLE K I I  
Resu l t s  o f  T r i h a i o m e t h a n e  Analysis  a f rom C h l o r a m i n a t e d  W a t e r  A n i m a l . R o o m  Samples  for  Mice  

in the  2 .Year  Ch lo r ina t ed  and  C h i o r a m i n a t e d  W a t e r  S tudies  

Tr~alomethane Concentration (ppb) 
Date Date Target Bromodi- Chlorodi- 
Mixed Analyzed Cone- b Chloroform chloromethane bromomethane Bromoform 

26 December 1984 29 December 1984 Control <I.0 41.0 ND 
Vehicle < 1.0 < 1.0 ND 
50 ppm <1.0 41.0 ND 
100 ppm <1.0 41.0 ND 
200 ppm < 1.0 < 1.0 ND 

14 January 1985 22 January 1985 Control <1.0 ND ND 
Vehicle <1.0 biD ND 
50 ppm <1.0 ND ND 

100 ppm 1.6 ND ND 
200 ppm 2.3 ND ND 

11 February 1985 15 February 1985 Control 1.1 <1.0 ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm 1.2 ND ND 
200 ppm 1.3 ND ND 

16 March 1985 19 March 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm < 1.0 ND ND 
100 ppm <1.0 ND ND 
200 ppm <1.0 ND ND 

13 April 1985 16 April 1985 Control ND ND ND 
Vehicle < 1.0 ND ND 
50 ppm < 1.0 ND ND 
100 ppm < 1.0 ND ND 
200 ppm <1.0 ND ND 

11 May 1985 14 May 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm < 1.0 ND ND 
100 ppm < 1.0 ND ND 
200 ppm < 1.0 ND ND 

8 June 1985 12 June 1985 Control < 1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 
100 ppm <1.0 ND ND 
200 ppm <1.0 ND ND 

6 July 1985 9 July 1985 Control <1.0 ND ND 
Vehicle < 1.0 ND ND 
50 ppm <1.0 ND ND 

100 ppm < 1.0 ND ND 
200 ppm <1.0 ND ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
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TABLE K I I  

Results of  Trihalomethane Analysis from Chioramlnated Water Animal-Room Samples for Mice 
in the 2-Year Chlorinated and Chioraminated Water Studies (continued) 

Date Date Target 
Mixed Analyzed Cone. Chloroform 

Trihalomethane Concentration (nob) 
Bromodi- Chlorodi. 

chloromethane bromomethane Bromoform 

17 August 1985 22 August 1985 

14 September 1985 17-18 September 1985 

12 October 1985 17-18 October 1985 

9 November 1985 13-15 November 1985 

7 December 1985 10-11 December 1985 

11 January 1986 15-16 January 1986 

8 February 1986 11-12 February 1986 

8 March 1986 11-12 March 1986 

Control < 1.0 
Vehicle < 1.0 
50 ppm < 1.0 

100 ppm <1.0 
200 ppm 1.2 

Control <1.0 
Vehicle < 1.0 
50 ppm <1.0 
100 ppm <1.0 
200 ppm <1.0 

Control < 1.0 
Vehicle < 1.0 
50 ppm <1.0 

100 ppm 1.5 
200 ppm 2.3 

Control < 1.0 
Vehicle < 1.0 
50 ppm <1.0 

100 ppm <1.0 
200 ppm < 1.0 

Control <1.0 
Vehicle < 1.0 
50 ppm <1.0 

100 ppm <1.0 
200 ppm < 1.0 

Control 1.8 
Vehicle < 1.0 
50 ppm < 1.0 

100 ppm <1.0 
200 ppm 1.1 

Control < 1.0 
Vehicle < 1.0 
50 ppm < 1.0 
100 ppm <I.0 
200 ppm <1.0 

Control < 1.0 
Vehicle <1.0 
50 ppm < 1.0 

100 ppm < 1.0 
200 ppm <1.0 

ND ND ND 
ND ND ND 
ND ND ND . 
ND ND ND 
ND ND ND 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

ND ND ND 
<I,0 ND ND 
ND ND ND 
ND ND ND 
<1.0 ND ND 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

1.2 <3.0 <5.0 
1.1 <3.0 <5.0 
1.2 <3.0 <5.0 
1.2 <3.0 <5.0 

<1.0 ND <5.0 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
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TABLE K I I  

R e s u l t s  o f  T r i h a l o m e t h a n e  A n a l y s i s  f r o m  C h l o r a m i n a t e d  W a t e r  A n i m a l - R o o m  S a m p l e s  f o r  M i c e  

in  t h e  2 - Y e a r  C h l o r i n a t e d  a n d  C h l o r a m i n a t e d  W a t e r  S t u d i e s  (continued) 

Tr iha lomethane  Concentra t ion  (ppb) 
Date  Date  Target  Bromodl .  Chlorodi-  
Mixed Analyzed Cone.. Chloroform ch loromethane  b romomethane  Bromoform 

12 April 1986 15 April 1986 Control 1.8 HI) ND ND 
Vehicle 1.4 ND ND ND 
50 ppm 1.8 ND ND ND 

100 ppm 2.1 < 1.0 ND N-D 
200 ppm 2.3 ND ND ND 

10 May 1986 13-14 May 1986 Control <1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
50 ppm <1.0 ND ND ND 

100 ppm 1.3 ND ND ND 
200 ppm 2.5 ND ND ND 

7 June 1986 12-13 June 1986 Control <1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
50 ppm <1.0 ND ND ND 

100 ppm <1.0 ND ND ND 
200 ppm < 1.0 ND ND ND 

12 July 1986 15-16 July 1986 Control <1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
50 ppm <1.0 ND ND ND 

100 ppm <1.0 ND ND ND 
200 ppm <1.0 ND ND ND 

9 August 1986 12-13 August 1986 Control 1.1 ND ND ND 
Vehicle 1.1 ND ND ND 
50 ppm 1.1 ND ND ND 

100 ppm 1.5 ND ND ND 
200 ppm 1.7 ND ND ND 

6 September 1986 9-10 September 1986 Control <1.0 ND ND ND 
Vehicle < 1.0 ND ND ND 
50 ppm <1.0 ND ND ND 

100 ppm <1.0 ND ND ND 
200 ppm <1.0 ND ND ND 

11 October 1986 14-15 October 1986 Control <1.0 ND 1.7 ND 
Vehicle < 1.0 ND 2.0 ND 
50 ppm < 1.0 ND < 1.0 ND 

100 ppm <1.0 ND <1.0 ND 
200 ppm 1.1 ND < 1.0 ND 

15 November 1986 18-21 November 1986 Control 1.2 <1.0 10.9 3.3 
Vehicle < 1.0 < 1.0 7.1 3.2 
50 ppm < 1.0 < 1.0 2.4 1.2 

100 ppm <1.0 <1.0 2.5 1.2 
200 ppm < 1.0 < 1.0 2.4 1.2 

ND Not Detected 
a Results of duplicate analyses except where noted 
b Control sample was deionized water and represents an analysis control, not an animal-room sample. Vehicle was deionized 

water that was used in the animal room. Concentrations are reported as ppm chioramine, 



449 

APPENDIX L 
WATER AND COMPOUND CONSUMPTION 

BY RATS AND MICE 
IN THE 2-YEAR DRINKING WATER STUDIES 

TASLE L I  

TABLE L2 

TABLE L3 

TABLE L4 

TABLE L$ 

TABLE L6 

TABLE L7 

TABLE L8 

Water  
in the 
Water  
in the 
Water  
in the 
Water  
in the 
Water  
in the 
Water  
in the 
Water  
in the 
Water  
in the 

and Compound Consumption by Male Rats  
2-Year Chlorinated Water  Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,50 
and Compound Consumption by Female Rats  
2-Year Chlorinated Water  Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45I  
and Compound Consumption by Male Rats  
2-Year Chloraminated Water  Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  452 
and Compound Consumption by Female Rats  
2-Year Chloraminated Water  Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4~3 
and Compound Consumption by Male Mice 
2-Year Chlorinated Water  Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  454 
and Compound Consumption by Female Mice 
2-Year Chlorinated Water  Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  455 
and Compound Consumption by Male Mice 
2-Year Chioraminated Water  Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  456 
and Compound Consumption by Female Mice 
2-Year Chioraminated Water  Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4~7 
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TAnLE L I  

W a t e r  a n d  C o m p o u n d  C o n s u m p t i o n  by  M a l e  R a t s  a in  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d i e s  

Week 

0 ppm 70 ppm 140 ppm 275 ppm 
Water Body Water Body Dose/ Water Body D e N  Water Bedy Dese/ 

(g/day) b WL (g) (g/day) b WL (g) Day ¢ (g/day) b WL (g) DwJ c (g/day) b WL (g) Day c 

1 20.0 119,4 18.8 120.4 10.9 17.1 119.2 20.1 15.5 116.7 36.6 
2 23.1 159,1 21.7 161.6 9,4 19.4 159.4 17.0 17.7 157.8 30.8 
3 23.7 194,5 22.1 198,8 7.8 19.5 194.4 14.0 17.6 193.0 25.0 
4 24.1 221.6 22.4 226.5 6.9 20.3 224.5 12.6 18.8 220.3 23.5 
5 25.2 249.7 22.0 252.8 6.1 21.6 250~ 12.0 20.2 245.2 22.7 
6 22.7 270.2 21.2 275.6 5.4 20.9 270.4 10.8 18.0 265.5 18.6 
7 22.2 288.5 20.7 293.0 5.0 19.6 290.1 9.4 17.1 283.9 16.6 
8 22.8 303.1 20.4 305.5 4.7 19.9 303.2 9.2 17.9 299.0 16.5 
9 23.4 317.8 21.1 322.5 4.6 20.7 317,6 9.1 18.6 312.0 16.4 

10 21.6 330.8 19.5 334.5 4.1 18.7 330~ 7.9 18.0 323.5 15.3 
11 20.8 340.3 18.3 344.3 3.7 18.4 337,3 7.6 17.5 332.4 14.5 
12 21.6 349.4 18.5 352.8 3.7 17.9 350.1 7.2 16.9 344.4 13.5 
13 20.7 359.0 19.5 362.2 3.8 18.3 359.5 7.1 17.2 353.0 13.4 
17 21.0 387.7 19.1 394.0 3,4 18.3 391.3 6,5 17.8 382.0 12.8 
21 20.9 402.9 18.8 407.3 3.2 18.3 408.1 6.3 16.9 396.0 11.7 
25 20.0 422.8 19.6 427.1 3.2 17.9 427,8 5.9 17.8 416.7 11.7 
29 21.8 434.9 18.8 442.2 3.0 18.3 439.5 5.8 16.3 433.1 10.4 
33 19.5 450.3 18.6 454.8 2.9 17.1 454.6 5.3 16.9 443.2 10.5 
37 20.9 457.0 17.7 463.3 2.7 17.4 460.2 5.3 16.7 447.4 10.3 
41 19.7 465.2 18.8 468.1 2.8 18.5 468.8 5.5 17.3 459.3 10.3 
45 22.2 468.3 20.9 474.9 3.1 19.4 474.2 5.7 17.9 463.1 10.7 
49 21.6 474.7 20.2 484.0 2.9 18.8 482.3 5.5 17.5 473.5 10.1 
53 20.9 480.1 19.4 485.4 2.8 18.1 483.0 5.2 17.9 472.2 10.4 
57 22.6 489.0 20.7 493.9 2.9 19.2 495.1 5.4 18.0 480.0 10.3 
61 23.1 492.0 21.0 495.2 3.0 18.7 495.1 5.3 16.7 485.9 9.4 
65 23.4 495.7 22.4 498.1 3.1 20.2 498.4 5.7 18.1 490.1 10.1 
69 26.1 492.8 23.1 491.9 3.3 19.9 489.7 5.7 18.4 483.2 10.5 
73 27.2 490,7 26.6 489.3 3.8 22.2 495.1 6.3 21.3 481.0 12.2 
77 28.3 493.0 26.4 487.8 3.8 23.5 492.5 6.7 23.5 483.8 13.4 
81 30.4 487.1 28.2 468.0 4.2 25.1 480.5 7.3 24.9 485.4 14.1 
85 32.8 486.1 32.2 454.5 5.0 27.0 472.8 8.0 26.8 471.8 15.6 
89 34.3 473.2 37.6 449.7, 5.8 29.4 458.5 9.0 24.2 469.2 14.2 
93 39.0 469.1 42.9 443.3 6.8 30.8 444.0 9.7 28.4 457.1 17.1 
97 38.5 463.0 52.7 428.6 8.6 33.3 439.2 10.6 32.1 450.7 19.6 

101 44.5 470.6 54.8 425.1 9.0 38.6 422.8 12.8 37.5 431.5 23.9 

Mean for Weeks 
1-13 22.4 269.5 20.5 273.1 5.8 19.4 269.7 11.1 17.8 265.1 20.3 

14-52 20.8 440.4 19.2 446.2 3.0 18.2 445.2 5.8 17.2 434.9 10.9 
53-101 30.1 483.3 31.4 470.1 4.8 25.1 474.4 7.5 23.7 472.5 13.9 

a Includes interim evaluation animals 
b Grams of water consumed per animal per day 
c. Estimated milligrams of available atomic chlorine consumed per day per kilogram of body weight 



Water  and  Compound  Consumpt ion  451 

TABLE L2 

W a t e r  a n d  C o m p o u n d  C o n s u m p t i o n  by F e m a l e  R a t s  a in  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d i e s  

Week 

0 ppm 70 ppm 140 ppm 275 ppm 
Water Body Water Body Dose/ Water Bedy Dose/ Water Body Den/  

(g/day) b WL (g) (g/day) b WL (g) Day ¢ (g/day) b Wt  (g) Day c (g/day) b WL (g) Day c 

1 17.9 100.2 15.9 98.4 11.3 14.9 98.9 21.1 13.0 99.0 36.1 
2 19.4 128.0 17.6 129.0 9.5 15.9 128.5 17.3 13.9 128.7 29.6 
3 18.7 145.4 16.1 143.6 7.8 14.9 147.0 14.7 13.2 144.1 25.1 
4 18.1 155.9 17.1 154.7 7.7 15.2 154.9 13.7 12.8 154.0 22.8 
5 18.1 165.4 16.2 164.1 6.9 14.8 164.0 12.6 12.9 163.4 21.7 
6 18.7 173.2 15.2 171.6 6.2 14~3 171.4 11.7 12.6 170.0 20.4 
7 17.3 181.3 15.2 180.4 5.9 14.1 180.0 11.0 12.2 178.0 18.8 
8 16.9 186.3 15.0 185.5 5.7 13.8 184.4 10.5 12.4 183.3 18.5 
9 15.9 191.8 14.5 190.1 5.3 13.6 188.8 10.1 11.9 187.9 17.5 

10 15.8 195.2 14.0 195.6 5.0 12.9 193.9 9.3 11.7 191.6 16.7 
11 15.1 198.4 13.6 199.2 4.8 12.9 197.6 9.1 12.0 195.1 16.9 
12 15.3 201.6 13.5 203.2 4.7 12.7 200.2 8.9 11.8 198.0 16.3 
13 14.7 203.8 13.7 204.9 4.7 13.1 203.2 9.0 12.0 199.7 16.6 
17 14.4 218.1 13.5 219.8 4.3 12.6 217.6 8.1 11.5 213.6 14.8 
21 15.2 225.9 14.1 226.5 4.4 13.1 224.1 8.2 11.7 220.9 14.5 
25 14.7 233.5 13.8 234.0 4.1 13.8 231.9 8.3 12.2 227.8 14.7 
29 15.4 245.8 13.6 245.4 3.9 12.9 244.3 7.4 11.5 237.7 13.3 
33 15.0 249.5 13.2 250.8 3.7 12.5 247.2 7.1 11.6 244.3 13.1 
37 14.3 256.6 14.7 255.8 4.0 13.2 252.9 7.3 11.3 246.8 12.6 
41 15.7 259.9 13.8 263.7 3.7 13.1 261.4 7.0 12.1 253.9 13.1 
45 15.2 271.4 14.8 271.9 3.8 13.4 270.9 6.9 12.3 261.0 13.0 
49 15.6 281.4 14.6 281.2 3.6 14.1 279.2 7.1 12.8 269.0 13.1 
53 15.1 283.3 14.9 289.4 3.6 14.0 286.3 6.9 13.1 277.6 12.9 
57 16.5 299.0 15.7 298.2 3.7 14.5 298.4 6.8 13.6 287~8 13.0 
61 15.7 306.1 14.7 306.9 3.4 13.4 307.6 6.1 12.7 296.5 11.8 
65 16.7 317.9 15.6 314.6 3.5 14.2 317.1 6.3 13.5 306.9 12.1 
69 18.0 326.8 15.8 323.4 3.4 15.6 327.7 6.7 14.2 312.3 12.5 
73 18.5 327.1 17.5 332.3 3.7 16.0 335.6 6.7 14.4 320.1 12.4 
77 19.7 339.3 17.5 337.6 3.6 16.1 341.7 6.6 14.5 323.7 12.3 
81 20.7 343.6 18.2 344.2 3.7 17.1 347.0 6.9 16.6 330.3 13.8 
85 22.3 347.1 18.7 342.1 3.8 16.4 345.1 6.7 16.4 329.9 13.7 
89 23.0 346.0 17.5 347.7 3.5 18.2 348.1 7.3 16.1 330.3 13.4 
93 22.5 339.1 20.3 350.7 4.0 17.5 348.7 7.0 17.0 332.4 14.0 
97 25.6 352.2 22.9 352.5 4.5 19.4 351.7 7.7 18.7 336.5 15.3 

101 25.8 347.6 23.3 352.7 4.6 18.8 351.6 7.5 17.8 335.3 14.6 

Mean for Weeks 
1-13 17.1 171.3 15.2 170.8 6.6 14.1 169.8 12.2 12.5 168.7 21.3 

14-52 15.1 249.1 14.0 249.9 3.9 13.2 247.7 7.5 11.9 241.7 13.6 
53-101 20.0 328.9 17.9 330.2 3.8 16.3 331.3 6.9 15.3 316.9 13.2 

a Includes interim evaluation animals 
b Grams of water consumed per animal per day 
c Estimated milligrams of available atomic chlorine consumed per day per kilogram of body weight 



452 Chlor inated and  Chioramina ted  Water ,  NTP TR 392 

TABLE L 3  

W a t e r  a n d  C o m p o u n d  C o n s u m p t i o n  by  M a l e  R a t s  a in  t h e  2 - Y e a r  C h i o r a m i n a t e d  W a t e r  S t u d i e s  

Week 

0 ppm 50 ppm 100 ppm 200 ppm 
Water Body Water Body Dose/ Water Body Dese/ Water Body Dese/ 

(g/day) b Wl. (g) (g/day) b Wt  (g) Day c (g/day) b Wk (8) DaY c (g/day) b W t  (g) Day c 

1 20.0 119.4 16.5 116.1 7.1 12.6 118.7 10.6 8.4 118.5 14.1 
2 23.1 159.1 19.2 159.0 6.0 16.5 156.4 10.5 13.4 144.9 18.6 
3 23.7 194.5 20.0 193.7 5.2 16.3 190.8 8.6 13.9 176.7 15.7 
4 24.1 221.6 19.6 223.1 4.4 17.0 218.1 7.8 15.1 203.7 14.8 
5 25.2 249.7 21.3 248.7 4.3 17.5 244.3 7.2 14.9 228.5 13.0 
6 2?.7 270.2 20.3 267.3 3.8 17.3 265.4 6.5 14.1 249.3 11.3 
7 22.2 288.5 18.7 288.7 3.2 16.0 283.8 5.6 14.3 266.2 10.7 
8 22.8 303.1 19.3 302.4 3.2 17.1 296.9 5.8 15.3 282.2 10.9 
9 23.4 317.8 20.0 315.5 3.2 17.4 311.7 5.6 15.1 295.3 10.2 

10 21.6 330.8 19.2 328.0 2.9 17.1 323.6 5.3 15.1 305.8 9.9 
11 20.8 340.3 18.9 337.9 2.8 16.8 334.6 5.0 14.8 316.7 9.3 
12 21.6 349.4 19.0 348.6 2.7 16.8 344.1 4.9 14.5 325.7 8.9 
13 20.7 359.0 18.6 357.4 2.6 17.3 352.5 4.9 15.2 333.4 9.1 
17 21.0 387.7 18.5 388.0 2.4 17.9 381.3 4.7 15.1 362.5 8.3 
21 20.9 402.9 18.2 405.0 2.2 16.7 395.2 4.2 15.5 379.3 8.2 
25 20.0 422.8 18.7 424.3 2.2 17.2 418.8 4.1 15.4 397.0 7.8 
29 21.8 434.9 19.0 437.8 2.2 17.5 431.4 4.1 15.6 413.4 7.5 
33 19.5 450.3 18.3 453.0 2.0 16.7 447.1 3.7 14.7 424.8 6.9 
37 20.9 457.0 18.8 456.3 2.1 16.2 453.5 3.6 14.1 431.0 6.6 
41 19.7 465.2 18.7 467.8 2.0 16.8 462.1 3.6 15.6 441.5 7.1 ' 
45 22.2 468.3 19.8 474.5 2.1 17.6 466.8 3.8 15.4 444.1 7.0 
49 21.6 474.7 19.3 479.7 2.0 17.5 475.3 3.7 15.6 450.5 6.9 
53 20.9 480.1 18.9 484.4 2.0 17.4 480.3 3.6 15.8 454.9 7.0 
57 22.6 489.0 19.4 489.1 2.0 18.7 491.1 3.8 16.0 466.5 6.9 
61 23.1 492.0 18.9 490.9 1.9 17.8 490.6 3.6 15.5 469.8 6.6 
65 23.4 495.7 19.8 497.0 2.0 18.8 498.9 3.8 17.6 473.8 7.4 
69 26.1 492.8 21.6 493.9 2.2 20.5 493.8 4.1 16.8 466.2 7.2 
73 27.2 490.7 22.1 503.1 2.2 20.7 498.3 4.2 17.8 466.1 7.6 
77 28.3 493.0 24.9 490.5 2.5 22.6 488.6 4.6 18.2 467.3 7.8 
81 30.4 487.1 23.1 485.1 2.4 22.6 479.5 4.7 19.9 459.6 8.7 
85 32.8 486.1 26.8 479.5 2.8 24.5 477.6 5.1 20.1 451.7 8.9 
89 34.3 473.2 32.4 465.5 3.5 29.0 464.6 6.2 22.1 437.7 10.1 
93 39.0 469.1 34.4 455.2 3.8 30.2 457.4 6.6 22.3 434.7 10.3 
97 38.5 463.0 33.7 449.1 3.8 30.4 448.1 6.8 23.4 428.7 10.9 

101 44.5 470.6 36.2 441.8 4.1 33.0 431.1 7.6 31.5 415.4 15.2 

Mean for Weeks 
1-13 22.4 269.5 19.3 268.2 4.0 16.6 264.7 6.8 14.2 249.8 12.1 

14-52 20.8 440.4 18.8 442.9 2.1 17.1 436.8 3.9 15.2 416.0 7.4 
53-101 30.1 483.3 25.6 478.9 2.7 23.6 476.9 5.0 19.8 453.3 8.8 

a Includes interim evaluation animals 
b Grams of water consumed per animal per day 
¢ Estimated milligrams of chloramine consumed per day per kilogram of body weight 



Water and Compound Consumption 4.53 

TABLE I A  

W a t e r  a n d  C o m p o u n d  C o n s u m p t i o n  by  F e m a l e  R a t s  a in  t h e  2 - Y e a r  C h l o r a m i n a t e d  W a t e r  S t u d i e s  

Week 

0 ppm 50 ppm 100 ppm 200 ppm 
Water Bedy Water Body Dose/ Water Body Dese/ Water Body Dese/ 

(g/day) b W~. (g) (g/day) b Wl. (g) Day ¢ (g/day) b WL (g) Day ¢ (g/day) b W~. (g) Day ¢ 

1 17.9 100.2 13.2 98.2 6.7 10.2 99.0 10.4 7.0 99=3 14.2 
2 19.4 128.0 15.3 127.6 6.0 12.8 125_~ 10.2 10.9 121.1 18.0 
3 18.7 145.4 14.8 143.5 5.1 11.9 141.3 8.4 10.2 136.1 15.0 
4 18.1 155.9 14.6 153.1 4.8 12.2 152.6 8.0 10.6 147.5 14=3 
5 18.1 165.4 14.6 162.7 4.5 12.5 162.0 7.7 10.8 156.8 13.8 
6 18.7 173.2 13.8 170.2 4.1 12.2 169.9 7.2 10.3 164.4 12.5 
7 17.3 181.3 13.7 178.8 3.8 11.7 178.6 6.6 9.7 171.5 11.3 
8 16.9 186.3 13.6 184.4 3.7 12.0 184.9 6.5 10.0 176.4 11.3 
9 15.9 191.8 13.1 188.9 3.5 11.7 189.0 6.2 9.8 181.3 10.8 

10 15~ 195.2 12.6 194.7 3.2 11.6 193.5 6.0 10.0 186.3 10.8 
11 15.1 198.4 12.5 197.7 3.2 11.6 196.9 5.9 10.1 190.5 10.6 
12 15.3 201.6 12.5 201.6 3.1 11.3 199.0 5.7 9.8 192.5 10.2 
13 14.7 203.8 12.8 203.6 3.1 12.0 202.0 5.9 10.0 195.6 10.2 
17 14.4 218.1 12.5 218.5 2.9 11.5 216.2 5.3 9.9 206.2 9.6 
21 15.2 225.9 12.8 226.6 2.8 12.7 223.2 5.7 9.8 213.7 9.1 
25 14.7 233.5 12.5 235.0 2.7 11.6 232.0 5.0 10.1 221.7 9.1 
29 15.4 245.8 12.5 245.4 2.5 11.9 242.5 4.9 10.4 228.1 9.1 
33 15.0 249.5 12.7 250.0 2.5 12.2 245.6 5.0 10.2 234.0 8.7 
37 14.3 256.6 12.4 255.9 2.4 11.8 252.4 4.7 10.3 235.8 8.7 
41 15.7 259.9 13.0 263.2 2.5 11.9 257.4 4.6 10.7 244.1 8.8 
45 15.2 271.4 13.6 270.4 2.5 12.9 266.2 4.8 10.9 250.2 8.7 
49 15.6 281.4 14.5 279.2 2.6 12.9 274.0 4.7 12.3 255.9 9.7 
53 15.1 283.3 13.9 288.0 2.4 13.2 280.7 4.7 12.3 267.1 9.2 
57 16.5 299.0 14.7 298.2 2.5 13.6 293.7 4.6 12.6 275.1 9.2 
61 15.7 306.1 13.8 307.8 2.2 12.9 300.8 4.3 11.1 282.7 7.9 
65 16.7 317.9 15.3 318.0 2.4 14.7 309.3 4.7 13.2 292.7 9.0 
69 18.0 326.8 15.3 330.9 2.3 14.1 319.6 4.4 12.5 294.8 8.5 
73 18.5 327.1 15.8 339.1 2.3 15.0 327.4 4.6 13.1 303.0 8.6 
77 19.7 339.3 16.1 342.1 2.4 15.2 336.4 4.5 12.7 309.4 8.2 
81 20.7 343.6 17.5 349.0 2.5 16.0 340.4 4.7 13.7 313=3 8.7 
85 22.3 347.1 17.4 348.8 2.5 16.5 339.2 4.9 14.1 316.4 8.9 
89 23.0 346.0 16.7 347.0 2.4 16.8 343.6 4.9 14.0 310.6 9.0 
93 22.5 339.1 19.0 347.5 2.7 19.5 339.6 5.7 14.9 310.6 9.6 
97 25.6 352.2 19.3 359.2 2.7 19.8 340.0 5.8 15.5 307.3 10.1 

101 25.8 347.6 20.5 363.2 2.8 21.7 345.7 6.3 18.4 307.0 12.0 

Mean for Weeks 
1-13 17.1 171.3 13.6 169.6 4.2 11.8 168.8 7.3 9.9 163.0 12.5 

14-52 15.1 249.1 12.9 249.4 2.6 12.1 245.5 5.0 10.5 232.2 9.0 
53-101 20.0 328.9 16.5 333.8 2.5 16.1 324.3 4.9 13.7 299.2 9.1 

a Includes interim evaluation animals 
b Grams of water consumed per animal per day 
c Estimated milligrams of chloramine consumed per day per kilogram of lxx~y weight 



454 Chlor inated and Chioramina ted  Water ,  NTP TR 392 

TABLE L$ 

W a t e r  a n d  C o m p o u n d  C o n s u m p t i o n  by  M a l e  M i c e  a in  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d i e s  

0 ppm 70 ppm 140 ppm 275 ppm 

Water Bedy Water Body Dose/ Water Body Dose/ Water Body Dose/ 
Week (g/day) b Weight (g) (g/day) b Weight (g) Day ¢ (g,/day) b Weight (g) Day c (g/day) b Weight (g) Day ¢ 

1 4.6 22~2 4.0 21.8 12.8 4.0 21.9 25.7 3.5 21.7 44.5 
2 4.7 24.4 4.2 24.3 12.1 3.9 24.5 22.1 3.5 23.8 40.2 
3 4.9 25.5 4.6 25.5 12.6 4.2 25.8 22.8 4.1 25.1 44.8 
4 4.3 26.6 4.3 26.9 11.3 4.2 26.8 21.8 3.8 25.9 40.0 
5 4.7 27.8 4.4 27.7 11.0 4.1 28.1 20.5 3.7 27.0 37.5 
6 5.1 29.3 4.5 29.2 10.7 4.3 29.4 20.3 3.8 28.3 36.6 
7 4.8 30.5 4.7 30.3 10.8 4.3 30.3 19.9 3.6 29.4 34.0 
8 4.9 31.5 4.7 31.2 10.5 4.3 31.3 19.4 3.9 30.0 35.9 
9 4.5 31.9 4.6 32.2 10.0 4.2 32.0 18.3 3.5 31.0 30.8 

10 4.4 33.0 4.5 33.6 9.3 4.2 33.3 17.7 3.5 32.0 29.9 
11 4.6 34.2 4.4 34.6 8.9 4.1 34.4 16.8 3.8 33.0 31.3 
12 4.7 35.1 4.5 35.3 8.9 4.1 35.1 16.4 3.5 33.6 28.8 
13 4~3 36.4 4.2 36.5 8.1 4.0 36.4 15.2 3.4 34.8 27.1 
17 4.2 39.4 4.0 39.9 7.0 3.8 39.5 13.6 3.4 38.0 24.9 
21 4.5 42.4 4.1 42.4 6.7 3.8 42.4 12.5 3.6 40.9 24.3 
25 4.2 45.0 4.2 44.8 6.6 3.7 44.8 11.5 3.3 43.6 21.1 
29 4.4 46.1 4.2 45.8 6.5 3.9 45.9 12.0 3.3 44.5 20.7 
33 4.3 46.2 4.1 45.8 6.2 3.8 45.8 11.5 3.1 44.5 19.5 
37 4.3 46.7 4.1 45.9 6.3 3.7 45.8 11.3 3.6 45.0 21.8 
41 4.6 46.9 4.3 46.5 6.5 3.9 46.2 11.8 3.4 45.3 20.8 
45 4.6 48,1 4.5 47.6. 6.7 4.0 47.2 12.0 3.5 46.0 21.0 
49 4.7 48.4 4.5 47.6 6.6 4.1 47.5 12.2 3.4 46,1 20.4 
53 5.0 49.0 4.7 48.0 6.9 4.3 47.8 12.6 3.8 46,4 22.2 
57 5.0 49.9 4.9 48.6 7.1 4.7 48.2 13.8 3.8 47.6 21.9 
61 5.2 49.8 5.2 48.2 7.5 4.6 48.0 13.3 3.7 46.7 21.6 
65 5.2 50.2 4.7 48.4 6.8 4.7 48.3 13.5 3.6 47.3 21.0 
69 5.1 50.9 4.6 48.7 6.6 4.9 48.2 14.3 3.7 47.4 21.3 
73 6.2 50.4 4.9 48.1 7.2 5.4 47,3 16.1 3.4 47.4 19.9 
77 5.7 50.3 5.0 49.0 7.1 4.8 47.5 14.1 3.9 47.4 22.6 
81 5.3 50.9 4.4 49.4 6.3 4.5 48,2 13.1 3.6 47.5 21.1 
85 5.4 50.6 5.2 48.6 7.5 4.6 48,4 13.3 4.0 47.4 23.3 
89 5.5 50.2 4.7 48.0 6.8 4.6 48.3 13.3 3.9 46.8 22.8 
93 5.7 49.6 5.2 48.7 7.5 5.1 47.8 14.9 4.0 46.5 23.7 
97 6.0 48.8 5.3 47,4 7.9 5.0 47.5 14.8 4.4 45.2 26.8 

101 6.8 48.8 5.3 47.0 7.9 4.9 47.0 14.7 4.0 44.9 24.7 

Mean for Weeks 
1-13 4.6 29.9 4.4 29.9 10,5 4.1 29.9 19.8 3.7 28.9 35.5 

14-52 4.4 45.5 4.2 45.1 6,6 3.9 45.0 12.0 3.4 43.8 21.6 
53-101 5.5 50.0 4.9 48.3 7.2 4.8 47.9 14.0 3.8 46.8 22.5 

a Includes interim evaluation animals 
b Grams of water consumed per animal per day 
¢ Estimated milligrams of available atomic chlorine consumed per day per kilogram of body weight 



Water and Compound Consumption 455 

TABLE L6 

W a t e r  a n d  C o m p o u n d  C o n s u m p t i o n  by  F e m a l e  M i c e  a i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d i e s  

0 ppm 70 ppm I40 ppm 275 ppm 

Water Body Water Body Dose/ Water Bedy Dose/ Water Body Dose/ 
Week (g/day) b Weight (g) (~day) b Weight (g) Day c (g/day) b Weight (g) Day c (g/day) b Weight (g) Day c 

1 4.3 18.0 3.9 17.8 15.3 3.7 17.5 29.7 3.3 17.7 51.8 
2 4.9 19.9 4.3 19.7 15.3 3.9 19.5 27.8 3.4 19~ 48.3 
3 5.2 20.6 5.1 20.8 17.2 4.8 20.5 32.6 4.1 20.5 55.0 
4 4.6 22.0 4.4 22.0 14.1 4.2 21.6 27.5 3.7 21.7 47.5 
5 5.1 23.1 4.8 22.9 14.6 4.4 22.8 26.9 3.6 22.6 44.4 
6 5.0 23.7 4.7 24.0 13.8 4.4 23.4 26.0 3.9 23.1 46.0 
7 5.0 24.4 4.8 24.7 13.7 4.4 24.1 25.5 3.7 23.9 42.6 
8 5.3 25.5 4.8 25.5 13.1 4.5 25.0 25.5 3.9 24.7 43.8 
9 5.0 26.3 4.8 26.3 12.8 4.3 25.6 23.6 3.6 25.1 39.0 

10 4.7 27.4 4.8 27.6 12.1 4.1 26.5 21.9 3.8 26.2 40.3 
11 4.8 28.2 4.6 28.6 11.3 4.2 27.7 21.5 3.7 27.1 37.2 
12 5.0 28.9 4.7 29.2 11.3 4.3 28.3 21.3 3.8 27.8 37.1 
13 4.8 30.0 4.5 30.2 10.5 4.1 29.2 19.6 3.6 28.7 34.3 
17 4.7 33.3 4.3 33.4 9.0 4.0 33.2 16.9 3.6 32.4 30.2 
21 4.3 36.7 4.3 37.1 8.1 3.9 36.6 14.9 3.4 35.5 26.2 
25 4.4 39.5 4.1 39.5 7.3 3.8 39.2 13.5 3.4 38.2 24.2 
29 4.4 41.6 4.3 41.1 7.3 3.9 41.1 13.1 3.4 39.7 23.3 
33 4.4 41.5 4.0 42.0 6.7 3.7 41.5 12.6 3.2 40.5 21.6 
37 4.4 43.0 4.4 42.8 7.2 3.8 42.5 12.4 3.2 41.5 21.5 
41 4.7 44.2 4.3 44.3 6.9 3.8 43.5 12.2 3.4 42.4 22.4 
45 4.4 46.4 4.1 46.0 6.3 3.8 45.2 11.7 3.2 43.9 20.3 
49 4.7 47.2 4.3 47.1 6.4 3.8 46.2 11.6 3.3 44.9 20.4 
53 4.9 51.0 4.5 50.0 6.2 4.0 48.4 11.7 3.5 48.2 20.0 
57 4.8 50.6 4.7 50.7 6.5 4.2 49.8 11.8 3.2 48.1 18.3 
61 4.8 50.7 4.8 51.0 6.6 4.2 50.1 11.7 3.7 48.3 20.8 
65 4.7 51.8 4.5 52.3 6.0 4.3 50.3 12.0 3.5 49.4 19.6 
69 4.7 53.9 4.4 52.6 5.9 4.2 51.6 11.5 3.6 51.2 19.1 
73 5.5 53.7 4.8 52.1 6.4 5.5 51.3 14.9 3.7 50.8 20.2" 
77 5.2 55.5 4.5 53.2 5.9 4.3 52.6 11.5 3.7 52.3 19.5 
81 4.7 55.2 4.3 53.3 5.6 4.4 52.4 11.6 3.8 52.2 19.8 
85 4.7 56.9 4.7 53.3 6.2 4.3 52.9 11.5 3.5 53.0 18.3 
89 5.0 56.3 4.2 53.7 5.5 4.3 53.3 11.2 3.5 53.2 18.3 
93 5.4 55.7 4.8 53.4 6.3 4.7 52.6 12.5 3.7 52.5 19.6 
97/ 5.2 55.8 5.2 51.8 7.0 4.5 52.6 12.0 4.2 51.7 22.2 

101 5.8 54.7 5.3 49.6 7.5 4.7 50.5 13.0 4.1 50.8 22.1 

Mean for Weeks 
1-13 4.9 24.5 4.6 24.6 13.5 4.3 24.0 25.3 3.7 23.7 43.6 

14-52 4.5 41.5 4.3 41.5 7.3 3.8 41.0 13.2 3.3 39.9 23.3 
53-101 5.0 54.0 4.7 52.1 6.3 4.4 51.4 12.1 3.7 50.9 19.8 

a Includes interim evaluation animals 
b Grams of water consumed per animal per day 
c Estimated milligrams of available atomic chlorine consumed per day per kilogram of body weight 



456 Chlor inated and  Chloramina ted  Water ,  NTP TR 392 

TABLE L7 

W a t e r  a n d  C o m p o u n d  C o n s u m p t i o n  by  M a l e  M i c e  a in  t h e  2 - Y e a r  C h i o r a m i n a t e d  W a t e r  S t u d i e s  

0 ppm 50 ppm 

Water Bedy Water Body Dose/ 
Week (g/day) b Weight (g) (g/day) b Weight (g) Day ¢ 

100 p p m  200 ppm 

Water Body Dose/ Water Bedy Deee/ 
(g/day) b Weight (g) Day c (g/day) b Weight (g) Day ¢ 

1 4.6 22.2 3.9 21.7 9.1 
2 4.7 24.4 4.0 24.3 8.3 
3 4.9 25.5 4.2 25.7 8.2 
4 4.3 26.6 3.9 27.0 7.2 
5 4.7 27.8 4.2 27.9 7.5 
6 5.1 29.3 4.4 29.4 7,4 
7 4.8 30.5 4.2 29.9 7,0 
8 4.9 31.5 4.4 31-5 6,9 
9 4-5 31.9 4.1 32.2 6-3 

10 4.4 33.0 4.2 33.5 6.3 
11 4.6 34.2 4.1 34.2 5.9 
12 4.7 35.1 4.2 35.1 6.0 
13 4.3 36.4 3.9 36.0 5.4 
17 4.2 39.4 3.8 39.4 4.8 
21 4.5 42.4 4.0 41.9 4.8 
25 4.2 45.0 3.9 44.6 4.4 
29 4.4 46.1 3.9 45.8 4.3 
33 4.3 46.2 3.8 45.7 4.1 
37 4.3 46.7 3.7 45.8 4.1 
41 4.6 46.9 4.1 46.1 4.4 
45 4.6 48.1 4.1 47.3 4.4 
49 4.7 48.4 4.0 47.5 4.2 
53 5.0 49.0 4.4 48.0 4.6 
57 5.0 49.9 4.4 48.5 4.5 
61 5.2 49.8 4.6 48.2 4.7 
65 5.2 50.2 4.3 48.5 4.5 
69 5.1 50.9 4.4 48.8 4.5 
73 6.2 50.4 4.6 48.2 4.8 
77 5.7 50.3 4.3 48.3 4.5 
81 5.3 50.9 4.5 48.6 4.6 
85 5.4 50.6 4.8 48.3 5.0 
89 5.5 50.2 4.5 48.0 4.7 
93 5.7 49.6 5.1 46.6 5.5 
97 6.0 48.8 5.3 45.2 5.8 

101 6.8 48.8 4.9 45.3 5.4 

3.3 21.6 15.1 2.4 22.2 21.4 
3,5 23.9 14.5 2.7 23-3 23.0 
3.7 25.1 14.8 2.8 24.6 22.5 
3-5 26.1 13.4 2.8 25,5 21.6 
3.8 27.5 13.8 2.8 26.6 21.3 
3.9 28.8 13.6 3.1 27.9 22.1 
3.8 29.8 12.7 2.9 28.4 20.4 
3.8 30.7 12.4 3.0 28.9 20.9 
3.8 31.5 12.0 3.1 29.9 20.5 
3.8 32.5 11.6 3.0 30.8 19.2 
3.7 33.3 11.1 2.9 31.6 18.2 
3.8 34.0 11.1 3.1 32.2 19.2 
3.7 35.2 10.6 2.9 33.2 17.2 
3.6 38.3 9.4 3.0 35.5 17.1 
3.5 40.9 8.6 3.3 39.1 17.1 
3.7 43.4 8.6 3.4 41.3 16.4 
3.5 44.2 8.0 3.2 42.5 14.9 
3.3 43.9 7.6 3.0 42.1 14.1 
3.5 44.3 7.9 3.4 42.0 16.1 
3.6 44.8 8.1 3.2 42.3 15.0 
3.6 45.6 8.0 3.4 42.7 15.7 
3.6 45.9 7.9 3.1 42.9 14.4 
3.9 46.5 8.4 3.1 43.5 14.4 
3.9 47.0 8.2 3.4 44.1 15.6 
3.9 47.0 8.2 3.2 43.7 14.5 
4.0 47.4 8.4 3.4 44.5 15.4 
3.7 48.0 7.7 2.9 44.8 13.0 
4.0 47.2 8.5 3.2 44.1 14.4 
3.8 47.9 8.0 3.3 44.3 14.7 
3.8 47.6 8.0 3.1 44.1 14.0 
3.8 48.2 7.9 3.1 43.8 14.1 
3.7 47.4 7.9 3.0 42.7 14.2 
4.0 46.3 8.6 3.2 42.4 15.1 
4.4 46.0 9.6 3.4 39.4 17.4 
4.3 45.6 9.3 3.2 38.1 16.8 

Mean for Weeks 
1-13 4.6 29.9 4.1 29.9 7.0 3.7 29.2 

14-52 4.4 45.5 3.9 44.9 4.4 3.6 43.5 
53-101 5.5 50.0 4.6 47.7 4.9 3.9 47.1 

12.8 2.9 28.1 20.6 
8.2 3.2 41.2 15,6 
8.4 3.2 43.0 14.9 

a Includes interim evaluation animals 
b Grams of water consumed per animal per day 
c Estimated milligrams of chloramine consumed per day per kilogram of body weight 
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TABLE L8 

W a t e r  a n d  C o m p o u n d  C o n s u m p t i o n  by  F e m a l e  M i c e  a in  t h e  2 - Y e a r  C h l o r a m i n a t e d  W a t e r  S t u d i e s  

0 ppm 50 ppm 100 ppm 200 ppm 

Water Body Water Body Dose/ 
Week (g/day) b Weight (g) (g/day) b Weigh! (g) Day c 

Water Body Dose/ Water Body Dose/ 
(g/day) b Weight (g) Day c (g/day) b Weighl (g) Day ¢ 

1 4.3 18.0 3.6 17.6 10.3 3.1 17.5 17.8 2.1 17.7 24.2 
2 4.9 19.9 4.1 19.7 10.4 3.3 19.6 16.8 2.5 18.8 27.1 
3 5.2 20.6 4.1 20.6 9.9 3.6 20.4 17.9 2.6 19.5 27.1 
4 4.6 22.0 3.9 21.8 9.0 3.6 21.6 16.7 2.6 20.6 25.4 
5 5.1 23.1 4.2 22.9 9.1 3.8 22.7 16-5 2.8 21.5 25.6 
6 5.0 23.7 4.3 23.4 9.1 3.7 22.9 16.3 3.0 22.0 27.3 
7 5.0 24.4 4.1 23.9 8.6 3.7 23.8 15.6 2.8 22.5 24.7 
8 5.3 25.5 4.4 24.7 8.9 3.9 24.6 16.0 2.9 22.9 25.5 
9 5.0 26.3 4.1 25.5 8.1 3.7 25.3 14.7 2.8 23.4 23.8 

10 4.7 27.4 4.1 26.5 7.8 3.8 26.2 14.4 2.8 24.1 23.5 
11 4.8 28.2 4.0 27.3 7.4 3.7 27.2 13.6 2.9 24.5 23.3 
12 5.0 28.9 4.1 27.9 7.4 3.8 27.7 13.8 2.9 24.7 23.6 
13 4.8 30.0 4.0 28.9 6.9 3.7 28.7 13.0 2.7 25.6 21.0 
17 4.7 33.3 3.7 32.3 5.7 3.4 31.9 10.6 2.7 27.8 19.5 
21 4.3 36.7 3.8 35.1 5.4 3.3 35.4 9.4 3.0 31.0 19.4 
25 4.4 39.5 3.6 37.6 4.8 3.5 38.2 9.2 2.9 33.4 17.3 
29 4.4 41.6 3.6 39.4 4.6 3.3 39.7 8.4 2.8 35.0 15.9 
33 4.4 41.5 3.4 40.1 4.3 3.2 40.0 8.0 2.7 35.1 15.2 
37 4.4 43.0 3.5 40.6 4.3 3.0 40.3 7.4 2.6 35.3 14.9 
41 4.7 44.2 3.7 42.0 4.4 3.3 41.2 8.0 2.7 35.3 15.5 
45 4.4 46.4 3.7 43.8 4.2 3.4 42.4 7.9 3.0 36.3 16.4 
49 4.7 47.2 3.7 44.4 4.2 3.3 43.4 7.7 2.9 37.0 15.5 
53 4.9 51.0 3.8 46.6 4.1 3.5 47.4 7.5 2.9 40.3 14.4 
57 4.8 50.6 4.1 47.2 4.3 3.6 46.0 7.8 3.2 38.9 16.7 
61 4.8 50.7 3.8 47.8 4.0 3.7 46.2 8.0 3.1 38.7 16.2 
65 4.7 51.8 4.2 48.7 4.3 3.6 46.6 7.8 3.3 39.3 16.6 
69 4.7 53.9 4.1 49.7 4.1 3.5 47.1 7.5 2.8 39.3 14.4 
73 5.5 53.7 4.4 49.5 4.4 3.7 46.6 7.9 3.0 38.6 15.4 
77 5.2 55.5 3.8 50.3 3.8 3.6 47.6 7.6 3.1 39.5 15.9 
81 4.7 55.2 3.9 50.5 3.9 3.6 48.5 7.4 3.1 39.5 15.7 
85 4.7 56.9 4.0 51.4 3.9 3.5 48.9 7.2 2.8 39.9 13.9 
89 5.0 56.3 3.8 51.4 3.7 3.4 49.0 6.9 2.7 39.2 13.8 
93 5.4 55.7 4.2 51.5 4.0 3.6 48.5 7.4 3.0 38.1 15.5 
97 5.2 55.8 4.5 50.9 4.4 4.0 47.2 8.4 3.2 36.7 17.4 

101 5.8 54.7 4.5 48.2 4.7 3.9 44.5 8.8 3.0 35.3 17.2 

Mean for Wee~  
1-13 4.9 24.5 4.1 23.9 8.7 3.7 23.7 15.6 2.7 22.1 24.8 

14-52 4.5 41.5 3.6 39.5 4.6 3.3 39.2 8.5 2.8 34.0 16.6 
53-101 5.0 54.0 4.1 49.5 4.1 3.6 47.2 7.7 3.0 38.7 15.6 

a Includes interim evaluation animals 
b 

Grams of water consumed per animal per day 
¢ Estimated milligrams of chloramine consumed per day per kilogram of body weight 
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460 Chlorinated and Chloraminated Water, NTP TR 392 

TABLE M1 

Ingred ien t s  of  NIH-07 Rat  and  M o u s e  Ra t ion  a 

Ingredients b Percent by Weight 

Ground #2 yellow shelled corn 24.50 
Ground hard winter wheat 23.00 
Soybean meal (49~ protein) 12.00 
Fish meal (60% protein) 10.00 
Wheat middlings 10.00 
Dried skim milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60% protein) 3.00 
Soy oil 2.50 
Dried brewer's yeast 2.00 
Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and minerai~ 0.25 

a NCI, 1976a; NIH, 1978 
b Ingredients ground to pass through a U.S. Standard Screen No, 16 before being mixed 

TAnLE M~ 

Vi tamins  and  M i n e r a l s  in NIH-07  R a t  and  M o u s e  Ra t ion  a 

Amount Source 

Vitamins 
A 5,500,000 IU 
D 3 4,600,000 IU 
K3 2.s g 
d~-Tocopheryl acetate 20,000 IU 
Choline 560.0 g 
Folic acid 2.2 g 
Niacin 30.0 g 
d-Pantothenic acid 18.0 g 
Riboflavin 3.4 g 
Thiamine 10.0 g 
B12 4,000 ~g 
Pyroxidine 1.7 g 
Biotin 140.0 mg 

Minerals 
Iron 120.0 g 
Manganese 60.0 g 
Zinc 16.0 g 
Copper 4.0 g 
Iodine 1.4 g 
Cobalt 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 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

a Per ton (2,000 Ib) of finished product 
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TASLE M 3  

N u t r i e n t  C o m p o s i t i o n  o f  N I H - 0 7  R a t  a n d  M o u s e  R a t i o n  

Mean ::t: Standard 
Nutrient  Deviation N u m b e r  of  Samples  

Protein (% by weight) 22.10 ± 0.47 
Crude fat (% by weight) 5.63 ± 0.41 
Crude fiber (% by weight) 3.39 ± 0.25 
Ash (% by weight) 6.46 ± 0.24 

Amino  Acids (% of  to ta l  diet)  
Arginine 1.320 ± 0.072 
Cystine 0.319 ± 0.088 
Glycine 1.146 ± 0.063 
Histidine 0.571 ± 0.026 
Isoleucine 0.914 ± 0.030 
Leucine 1.946 ± 0.056 
Lysine 1.280 ± 0.067 
Methionine 0.436 ± 0.165 
Phenylalanine 0.938 ± 0.158 
Threonine 0.855 ± 0.035 
Tryptophan 0.277 ± 0.221 
Tyrosine 0.618 ± 0.086 
Valine 1.108 ± 0.043 

Essen t ia l  Fa t ty  Acids (% of  to ta l  diet)  
Linoleic 2.290 ± 0.313 
Linolenic 0.258 ± 0.040 

Vi tamins  
Vitamin A (IU/kg) 8,375 + 2,725 
Vitamin D (IU/kg) 4,450 ± 1,382 
w-Tocopherol (ppm) 43.58 _+ 6.92 
Thiamine (ppm) 20.69 _+ 2.00 
Riboflavin (ppm) 7.60 + 0.85 
Niacin (ppm) 97.80 _ 31.68 
Pantothenic acid (ppm) 30.06 _ 4.31 
Pyridoxine (ppm) 7.68 + 1.31 
Folic acid (ppm) 2.62 + 0.89 
Biotin (ppm) 0.254 + 0.053 
Vitamin B12 (ppb) 24.21 __. 12.66 
Choline (ppm) 3,122 ± 416.8 

Mine ra l s  
Calcium (%) 1.14 + 0.09 
Phosphorus (%) 0.92 _+ 0.05 
Potassium (%) 0.900 ± 0.098 
Chloride (%) 0.513 ± 0.114 
Sodium (%) 0.323 ± 0.043 
Magnesium (%) 0.167 ± 0.012 
Sulfur (%) 0.304 ± 0.064 
Iron (ppm) 410.3 ± 94.04 
Manganese (ppm) 90.29 ± 7.15 
Zinc (ppm) 52.78 ± 4.94 
Copper (ppm) 10.72 ± 2.76 
Iodine (ppm) 2.95 ± 1.05 
Chromium (ppm) 1.85 ± 0.25 
Cobalt (ppm) 0.681 ± 0.14 

21.1-23.1 
4.7-6.4 
2.7-4.0 
6.1-7.0 

1.310-1.390 
0.218-0.400 
1.060-1.210 
0.531-0.603 
0.881-0.944 
1.850-1.990 
1.200-1.370 
0.306-0.699 
0.665-1.050 
0.824-0.898 
0.156-0.671 
0.564-0.769 
1.050-1.170 

1.830-2.520 
0.210-0.308 

4,700-15,000 
3,000-6,300 

31.1-48.0 
17.0-26.0 
6.10-8.20 
65.0-150.0 
23.0-34.0 
5.60--8.80 
1.80-3.70 
0.19-0.32 
10.6-38.0 

2,400-3,430 

0.98-1.41 
0.73-0.99 

0.772--0.971 
0.380-0.635 
0.258-0.371 
0.151-0.181 
0.268-0.420 
262.0-523.0 
81.70-99.40 
,46.10-58.20 
8.090-15.39 

1.52-3.82 
1.44-2.09 

0.490-0.780 

26 
26 
26 
26 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

26 
4 
5 

26 
5 
5 
5 
5 
5 
5 
5 
5 

26 
26 
3 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
4 
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TASLE M 4  

C o n t a m i n a n t  L e v e l s  i n  N I H - 0 7  R a t  a n d  M o u s e  R a t i o n  

M e a n  :t: S t a n d a r d  
Deviat ion a R a n g e  N u m b e r  o f  S a m p l e s  

C o n t a m i n a n t s  
Arsenic (ppm) 0.72 ± 0.21 
Cadmium (ppm) <0.10 
I.~ad (ppm) 0.46 _ 0.28 
Mercury (ppm) <0.05 
Selenium (ppm) 0.35 _+ 0.08 
Atlatoxins (ppb) <5.0 
Nitrate nitrogen (ppm) 17.69 _ 7.62 
Nitrite nitrogen (ppm) 0.41 ± 0.71 
BHA (ppm)." 2.54 ± 1.03 
BHT (ppm) b 1.62 ± 0.98 
Aerobic plate count (CFU/g) c 34,760 ± 40,712 
Coliform (MPN/g) d 5.81 ± 7.95 
E. coli (MPN/g) e 3.04 ± 0.20 
Total nitrosamines (ppb) f 8.05 +_ 3.29 
N-Nitrceodimethylamine (ppb) f 6.87 _+ 3.10 
N-Nitrosopyrrolidin¢ (ppb)"  1.18 _+ 0.55 

Pest ic ides  ( p p m )  
a-BHC g <0.01 
a-BHC <0.02 
~-BHC <0.01 
~-BHC <0.01 
Heptachlor < 0.01 
Aldrin <0.01 
Heptachlor epeodde <0.01 
DDE <0.01 
DDD <0.01 
DDT <0.01 
HCB <0.01 
Mirex <0.01 
MethoxTchlor <0.05 
Dieldrin <0.01 
Endrin <0.01 
Telodrin <0.01 
Chlordane < 0.05 
Toxaphene <0.1 
Estimated PCBs <0.2 
Ronnel <0.01 
Ethion < 0.02 
Trithion <0.05 
Diazinon < 0.1 
Methyl parathion <0.02 
Ethyl parathion <0.02 
Malathion u 0.10 ± 0.13 
Endosulfan I <0.01 
Endosulfan II <0.01 
Endosulfan sulfate <0.03 

0.18-1.07 26 
- 26 

0 . 0 5 - 1 . 3 2  26 
- 26 

0.17--0.48 26 
- 26 

0.10-41.0 26 
0.10-2.60 26 
2.00-5.00 26 
1.00-4.00 26 
770-130,000 26 

3.00-43.0 26 
3.00-4.00 26 
3.80-16.00 26 
2.80-15.00 26 
1.00-3.40 26 

0.05-0.69 

a For values less than the limit of detection, the detection limit is given for the mean. 
b Source of contamination: soy oil and fish meal 
c CFU ffi colony forming unit 
d MPN = most probable number 
e One lot milled 17 October 1984 had a value of 4.0 MPN. 
f All values were corrected for percent recovery. 
g BHC ffi hexachlorocyclohexane or benzene hexachloride 
h Nine lots contained more than 0.05 ppm. 
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T A m ~  MS 
Wate r  Analyses  a Per formed D u r i n g  the 2.Year Chlor ina ted  a nd  Ch lo ramina t ed  Wa t e r  Studies  

Analysis Levels 

pH 7.9 

Hardness, as calcium carbonate 83.0 mg/L 
Alkalinity, as calcium carbonate 

Total 35 mg/L 

Free carbon dio~dde 0.4 mg/L 

Total iron 0.01 mg/L 
Manganese <0.001 mg/L 
Nitrate nitrogen 0.10 mg/L 
Chloride 4 mg/L 
Sulfate 45 mg/L 
Fluoride 1.46 mg/L 
Calcium 23 mg/L 
Magnesium 4 mg/L 
Sodium 5 mg/L 
Copper <0.1 mg/L 
Zinc 0.01 mg/L 
Cadmium <0.01 mg/L 
Arsenic <0.001 mg/L 
Chromium <0.001 mg/L 
Mercu~ < 0.0001 mg/L 
I.~ad <0.001 mg/L 
Barium <0.01 mg/L 
Selenium <0.001 mg/L 
Silver <0.001 mg/L 

Chlorine residual b 1.20 mg/L 
Trihalomethane c 0.019 mg/L 

Chlorinated hydrocarbons 
Endrin <0.0001 ~g/L 
Lindane <0.001 ~,g/L 
Methoxychlor <0.01 ~g/L 
Toxaphene <0.001 ~g/L 

Chlorophenoxys 
2,4-D (2,4-Dichlorophenoxy acetic acid) <0.01 ~g/L 
2,4,5-TP silvex <0.001 ~g/L 

Bacteria count b 
Coliform 0/100 mL 
Other 0/1 mL 

Analyses were performed on water collected 23 April 1984 by the Alabama Department of Environmental Management, Water 
Supply Division (Lab ID: 20024), Montgomery, AL. Source of raw water was Cahaba River and Lake Purdy; purification facility 
was Shades Mountain Filter Plant. 
Analyses were performed by Birmingham Water Works (Lab ID: 30010), Birmingham, AL. 
Sample taken on 23 April 1984 at the grocery store in Shannon, AL, and analyzed by the Alabama Department of 
Environmental Management (Lab No. 84-667). 



464 Chlorinated and Chloraminated Water, NTP TR 392 

T~O~LE MS 
W a t e r  Analyses  a Per formed D u r i n g  the 2-Year Chlor ina ted  a nd  Ch l o r a mi na t e d  W a t e r  Studies  
(continued) 

Analysis Levels 

pH s.4 

Hardness, as calcium carbonate 74.0 mg/L 
Alkalinity, as calcium carbonate 

Total 46 mg/L 

Free carbon dioxide <0.1 mg/L 

Total iron 0.01 mg/L 
Manganese <0.001 mg/L 
Nitrate nitrogen 0.40 mg/L 
Chloride 4 mg/L 
Sulfate 40 mg/L, 
Fluoride 0.92 mg/L 
Calcium 146 mg/L 
Magnesium 31 mg/L 
Sodium 5 mg/L 
Copper <0.1 mg/L 
Zinc <0.01 mg/L 
Cadmium <0.01 mg/L 
Arsenic <0.001 mg/L 
Chromium <0.001 mg/L 
Mercury <0.0001 mg/L 
Lead <0.001 mgfL 
Barium <0.01 mg/L 
Selenium <0.001 mg/L 
Silver <0.001 mg/L 

Chlorine residual b 1.20 mg/L 
Trihalomethane c 0.049 mg/L 

Chlorinated hydrocarbons 
Endrin <0.0001 ~g/L 
Lindane <0.001 ~g/L 
Metboxychlor <0.01 ~g/L 
Toxaphene <0.001 ~g/L 

Chlorophenc0qn~ 
2,4-D (2,4-Dichlorophenoxy acetic acid) <0.01 ~g/L 
2,4,5-TP silvex <0.001 t~g/L 

Bacteria count b 
Coliform 0/100 mL 
Other 0/1 mL 

Analyses were performed on water collected 4 March 1985 by the Alahamaa Department of Environmental Management, Water 
Supply Division (Lab ID: 20024), Montgomery, AL. ~ Source of raw water was Cahaba River and Lake Purdy; purification facility 
was Shades Mountain Filter Plant. 
Analyses were performed by Birmingham Water Works (Lab ID: 30010), Birmingham, AL. 
Sample taken on 30 May 1985 at the grocery store in Shannon, AL, and analyzed by the Alabama Department of Environmental 
Management (Lab No. 85~72). 
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466 Chlor inated and Chloramina ted  Water ,  NTP TR 392 

TABLE NI 
Feed Consumption* by Male Rats in the 2.Year Chlorinated Water Study 

Study Week 0 ppm 70 ppm 140 ppm 275 ppm 

1-4 16.0 16.5 16.0 16.1 
15.7 b 16.0 16.0 15,7 

5-8 17.9 18.2 18.4 18.1 
19.3 b 18.4 16.3 17.1 

9-12 19.9 19.7 20.1 19.8 
19.5 b 21.2 18.7 18.3 

13--16 17.7 17.5 17.5 16.9 
16.2 b 20.2 17.5 15.9 

17-20 19.0 17.9 17.5 17.6 
21-24 17.7 18.1 17.6 17.3 
25-28 17.9 18.6 17.5 18.6 
29-32 17.5 17.1 17.6 16.5 
33-36 17.2 17.5 17.1 17.4 
37-40 17.7 18.1 17.8 ~ 18.5 
41-44 17.9 18.4 17.7 17.2 
45-48 16.7 16.2 16.3 16.7 
49-52 18.9 18.3 17.5 17.0 
53-56 18.5 18.4 18.3 18.6 
57-60 18.3 18.7 18,2 18.7 
61-64 18.4 19.2 18,5 18.5 
65-.68 17.5 17.8 16.8 16.8 
69-72 18.0 16.8 17.1 16.7 
73-76 18.0 18.1 17.1 17.6 
77-80 17.7 17.7 17.4 17.1 
81-84 16.9 17.2 18.1 17.4 
85-88 17.0 17.7 16.3 17.0 
89-92 19.0 18.0 16.9 16.1 
93-96 19.4 18.1 16.9 17.0 

97-100 16.6 18.2 15.9 17.4 
101-104 18.1 19.9 16.1 17.8 

Mean for weeks 
1-52 18.0 18.7 17.1 16.9 

53-104 17.9 18.0 17.5 17.5 

a Feed consumption is given in grams per animal day for the given time period. 
b Interim evaluation animals 
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TASLE N 2  

F e e d  Consumption a by F e m a l e  R a t s  i n  t h e  2 . Y e a r  C h l o r i n a t e d  W a t e r  S t u d y  

Study Week 0 ppm 70 ppm 140 ppm 275 ppm 

1-4 12.5 12.9 12.5 12.2 
12.8 b 13.0 13.7 12.6 

5-8 11.5 11.2 11.4 11.1 
12.1 b 11.3 11.2 12.0 

9-12 11.3 11.4 11.4 11.2 
11.4 b 11.8 11.4 11.3 

13-16 11.1 10.7 11.1 10.8 
17-20 11.3 11.1 11.1 11.1 
21-24 11.0 11.0 11.2 10.8 
25-28 11.2 11.4 11.8 11.1 
29-32 11.2 10.9 11.2 10.8 
33-36 11.5 11.7 11.6 10.9 
37-40 11.1 11.2 11.3 11.1 
41-44 11.9 11.7 11.6 11.5 

: 

45-48 12.2 11.8 11.9 11.4 
49-52 11.9 11.7 11.9 12.0 
53-56 13.4 12.4 13.1 11.9 
57-60 12.5 12.6 12.3 12.1 
61-64 13.1 12.1 12.5 12.6 
65-68 12.7 13.0 12.6 12.2 
69-72 13.3 13.2 12.9 12.4 
73-76 13.9 13.3 14.0 12.6 
77-80 13.4 13.4 13.1 12.7 
81-84 13.3 13.8 13.6 13.1 
85-88 14.2 13.4 13.1 12.4 
89-92 12.8 12.6 12.6 12.0 
93-96 14.1 13.7 14.1 12.6 

97-100 14.3 13.6 12.8 13.1 
101-104 12.8 12.3 13.8 12.3 

Mean for weeks 
1-52 11.9 11.9 11.9 11.9 

53-104 12.3 12.1 12.2 11.8 

a Feed consumption is given in grams per animal day for the given time period. 
b Interim evaluation animals 



468 Ch lo r ina t ed  an d  C h i o r a m i n a t e d  Wate r ,  N T P  T R  392 

TAeL~ N 3  

F e e d  C o n s u m p t i o n  a b y  M a l e  R a t s  i n  t h e  2 - Y e a r  C h i o r a m i n a t e d  W a t e r  S t u d y  

Study Week 0 ppm 50 ppm 100 ppm 200 ppm 

1-4 16.0 16.4 15.7 13.7 
15.7 b 16.0 16.5 13.4 

5-8 17.9 18.1 17A 16.1 
19.3 b 18.0 17.6 17.8 

9-12 19.9 19.1 18.6 18.7 
19.5 b 17.7 20.3 18.1 

13-16 17.7 17.7 16.7 16.7 
16.2 b 17.0 16.7 14.3 

17-20 19.0 18.0 18.1 17.2 
21-24 17.7 17.3 17.0 17.5 
25-28 17.9 18.6 17.3 17.2 
29-32 17.5 17.6 16.7 17.1 
33-36 17.2 17.5 17.1 16.7 
37-40 17.7 18.2 17.7 17.5 
41-44 17.9 17.8 17.4 17.3 
45-48 16.7 15.8 15.1 14.8 
49-52 18.9 18.2 17.5 17.3 
53-56 18.5 18.3 18.2 18.2 
57-60 18.3 18.6 17.9 17.9 
61-64 18.4 17.9 18.4 17.5 
65-68 17.5 17.5 16.7 17.1 
69-72 18.0 18.1 17.6 16.8 
73-76 18.0 17.2 16.9 17.2 
77-80 17.7 17.6 17.4 15.3 
81-84 16.9 16.7 17.3 16.7 
85-88 17.0 16.6 16.6 16.8 
89-92 19.0 17.7 16.7 16.8 
93-96 19.4 17.8 17.5 16.8 

97-100 16.6 17.8 16.2 16.1 
101-104 18.1 18.1 16.3 18.7 

Mean for weeks 
1-52 18.0 17.2 18.0 16.2 

53-104 17.9 17.7 17.2 16.9 

a Feed comumption is given in grams per animal day for the given time period. 
b Interim evaluation animals 
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TAmJ~ N 4  

F e e d  C o n s u m p t i o n  a b y  F e m a l e  R a t s  i n  t h e  2 - Y e a r  C h l o r a m i n a t e d  W a t e r  S t u d y  

Study Week  0 ppm ~0 p p m 100 p p m 200 p p m 

1-4 12.5 12.7 12.1 12.2 
12.8 b 12.2 13.7 12.8 

5-8 11.5 11.4 113 11.2 
12.1 b 11.8 11.7 11.7 

9-12 11.3 11.5 11.4 10.9 
11.4 b 11.2 11.3 11.0 

13-16 11.1 11.3 10.8 10.4 
17-20 11.3 11.5 11.0 11.0 
21-24 11.0 11.0 10.9 10.6 
25-28 11.2 11.3 11.1 10.9 
29-32 11.2 11.0 10.4 10.8 
33-36 11.5 11.5 11.6 11.1 
37-40 11.1 11.2 11.2 11.5 
41-44 11.9 11.6 11.5 11.4 
45-48 12.2 12.0 11.9 11.4 
49-52 11.9 12.1 12.0 11.8 
53-56 13.4 12.3 12.6 12.1 
57-60 12.5 12.7 12.3 12.0 
61-64 13.1 12.6 12.7 11.3 
65-68 12.7 13.2 12.5 12.0 
69-72 13.3 12.9 14.0 12.1 
73-76 13.9 13.0 13.1 12.1 
77-80 13.4 12.5 13.0 12.8 
81-84 13.3 13.3 12.7 11.9 
85-.88 14.2 13.7 12.8 11.8 
89-92 12.8 11.3 12.7 11.4 
93-96 14.1 13.0 13.9 14.2 

97-100 14.3 13.2 14.0 12.2 
101-104 12.8 12.9 11.4 11.6 

Mean for weeks 
1-52 11.9 11.7 12.1 11.7 

53-104 12.3 12.1 12.0 11.6 

a Feed consumption is given in grams per animal day for the given time period. 
b Interim evaluation animals 
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TABLE N 5  

F e e d  C o n s u m p t i o n  a b y  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y  

Study Week  0 ppm 70 p p m 140 p p m 275 p p m 

1-4 5.0 5.0 5.1 5.1 
4.5 b 4.8 4.4 4.8 

5-8 4.7 4.8 4.9 4.8 
4.7 b 4.8 5.6 5.4 

9-12 4.8 5.0 4.8 5.0 
5.0 b 5.1 5.1 5.0 

13-16 5.3 5.3 5.2 5.3 
4.5 b 5.4 4.9 5.5 

17-20 4.8 4.7 4.8 4.8 
21-24 5.8 5.9 5.7 5.7 
25 -28 5.3 5.4 5.4 5.2 
29-32 5.1 4.9 5.1 5.0 
33-36 5.0 5.1 5.1 4.9 
37-40 5.5 5.7 5.5 6.1 
41-44 5.3 5.3 5.2 5.2 
45-48 5.3 5.3 5.2 5.2 
49-52 5.4 5.4 5.4 5.3 
53-56 5.1 5.3 5.2 5.3 
57-60 5.2 5.2 5.2 5.0 
61-64 5.4 5.7 5.4 5.3 
65-68 5.2 5.5 5.3 5.4 
69-72 5.6 5.7 5.7 5.8 
73-76 5.5 5.7 5.5 5.5 
77-80 5.4 5.5 5.4 5.4 
81-84 5.5 5.5 5.5 5.5 
85-88 5.5 5.7 5.7 5.7 
89-92 5.5 5.4 5.5 5.4 
93-96 5.4 5.5 5.7 5.6 

97-100 5.6 5.6 5.6 5.3 
101-104 5.6 5.5 5.6 5.2 

Mean for weeks 
1-52 4.7 5.0 4.9 5.1 

53-104 5.3 5.4 5.3 5.3 

a Feed consumption is given in grams per animal day for the given time period. 
b Interim evaluation animals 



Feed C o n s u m p t i o n  471 

TABLE N 6  

F e e d  C o n s u m p t i o n  a b y  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r i n a t e d  W a t e r  S t u d y  

Study W ~ k  0 ppm 70 ppm 1 4 0 p p m  275 p p m 

1 4  4.4 4.5 4.2 4.7 
4.4 b 4.2 4.7 4.1 

5 ~  4.6 4.6 4.4 4.6 
4.6 b 4.7 4.4 4.2 

9-12 4.5 4.6 4.5 4.5 
4 . ~  4.5 4 3  4.2 

13-16 5.1 5.0 4.8 5.0 
5.2 b 5.1 4.6 4.4 

17 -~  4.9 4.8 4.7 4.8 
2 1 - ~  5.2 5.3 5.4 5.1 
~ - ~  5.6 5.3 5.3 5.4 
~ - 3 2  5.0 5.2 5.1 5.1 
3 ~  5.2 5.3 5.1 5.0 
37-40 5.0 5.2 4.9 4.8 
41-44 5.5 5.3 5.3 5.3 
45-48 5.2 5.1 5.1 5.0 
49-52 5.4 5.4 5.2 5.4 
5956  5.8 5.7 5.6 5.4 
57-60 5.3 5.5 5.4 5.2 
61-64 5.6 5.4 5.4 5.5 
65-68 5.6 5.5 5.5 5.7 
69-72 6.0 6.0 5.8 6.0 
73-76 5.6 5.6 5.8 5.4 
77-80 6.1 5.9 5.8 5.9 
81-84 6.1 5.7 5.9 6.0 
~ - 8 8  6.2 5.9 6.0 6.0 
~ - ~  6.0 5.8 5.8 5.8 
9 3 - ~  6.4 6.1 6.4 6.3 

~ - 1 ~  5.8 5.6 5.7 5.8 
101-1~ 5.9 5.8 5.6 5.8 

Mean ~ r w ~  
1-52 4.6 4.5 4.5 4.2 

53-1~  5.4 5.3 5.3 5.3 

a Feed consumption is given in grams per animal day for the given time period. 
b Interim evaluation animals 
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TABLE N 7  

F e e d  C o n s u m p t i o n  a b y  M a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r a m i • a t e d  W a t e r  S t u d y  

Study Week 0 ppm 50 ppm 100 ppm 200 ppm 

1.4 5.0 4.8 5.1 4.5 
4.5 b 5.4 4.9 4.6 

5-8 4.7 4.8 4.9 4.9 
4.7 b 5.8 4.7 4.8 

9-12 4.8 4.8 4.8 4.6 
5.0 b 4.8 5.5 4.3 

13-16 5.3 5.2 5~3 4.7 
4.5 b 5.1 4.6 4.9 

17-20 4.8 4.8 4.6 4.6 
21-24 5.8 6.1 5.6 5.7 
25-28 5.3 5.4 5_~ 5.1 
29-32 5.1 5.0 4.9 4.6 
33-36 5.0 5.0 4.9 4.7 
37-40 5.5 5.6 5.7 5.4 
41-44 5.3 5.2 5.1 4.8 
45-48 5.3 5.2 5.2 4.9 
49-52 5.4 5.2 5.3 5.0 
53-56 5.1 5.1 5.1 4.9 
57-60 5.2 5.1 5.1 4.8 
61-64 5.4 5.3 5.4 5.0 
65-68 5.2 5.4 5.3 5.2 
69-72 5.6 5.5 5.5 5.3 
73-76 5.5 5.3 5.2 5.1 
77-80 5.4 5.3 5.3 5.3 
81-84 5.5 5.5 5.4 5.0 
85-88 5.5 5.7 5.5 5.2 
89-92 5.5 5.5 5.4 5.1 
93-96 5.4 5.6 5.3 5.0 

97-100 5.6 5.5 5.4 5.1 
101-104 5.6 5.4 5.3 4.8 

Mean for weeks 
1-52 4.7 5.2 5.0 4.6 

53-104 5.3 5.3 5.2 5.0 

a Feed consumption is given in grams per animal day for the given time period. 
b Interim evaluation animals 
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TABLE N 8  

F e e d  C o n s u m p t i o n  a b y  F e m a l e  M i c e  i n  t h e  2 - Y e a r  C h l o r a m i n a t e d  W a t e r  S t u d y  

S tudy  Week  0 ppm 50 ppm 100 p p m 200 p p m 

1-4 4.4 4.5 4.4 4.0 
4.4 b 5.0 4.2 4.2 

5-8 4.6 4.5 4.4 4.4 
4.6 b 4.7 4.7 4.2 

9-12 4.5 4.4 4.4 4.1 
4.6 b 4.6 4.6 4.1 

13-16 5.1 5.0 4.8 4.5 
5.2 b 4.8 4.5 4.3 

17-20 4.9 4.7 4.8 4.4 
21-24 5.2 5.3 5-q 4.8 
25-28 5.6 5.3 5_3 5.1 
29-32 5.0 4.9 4.9 4.7 
33-36 5.2 5.1 5.0 4.6 
37-40 5.0 5.1 5.0 4.7 
41-44 5.5 5.2 5.2 4.7 
45-48 5.2 5.1 4.9 4.5 
49-52 5.4 5.2 5.2 4.8 
53-56 5.8 5.5 5.4 5.2 
57-60 5.3 5.2 5.0 4.6 
61-64 5.6 5.3 5.2 4.9 
65-68 5.6 5.6 5.3 4.9 
69-72 6.0 5.8 5.5 5.1 
73-76 5.6 5.5 5.4 4.9 
77-80 6.1 5.6 5.3 5.0 
81-84 6.1 5.8 5.5 5.1 
85-88 6.2 5.7 5.6 5.2 
89-92 6.0 5.7 5.4 5.2 
93-96 6.4 6.1 5.5 5.2 

97-100 5.8 5.8 5.3 4.7 
101-104 5.9 5.7 5.2 4.5 

Mean for weeks 
1-52 4.6 4.7 4.5 4.2 

53-104 5.4 5.2 5.1 4.7 

a Feed consumption is given in grams per animal day for the given time period. 
b Interim evaluation animals 
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476 Chlorinated and Chioraminated Water, NTP TR 392 

SENTINEL ANIMAL PROGRAM 

M E T H O D S  

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in 
optimally 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 serology on sera from extra (sentinel) animals in the study rooms. These animals are untreated and 
are subject to environmental conditions identical to the study animals. The sentinel animals come from 
the same production source and weanling groups as the animals used for the studies of chemical 
compounds. 

Because of the large number of animals needed for these studies and because of restrictions on animal 
availability, each study was conducted in two parts, separated by an interval of 2 weeks. The group of 
animals used in each half of the studies were housed in separate rooms. Upon arrival, 5 male and 
5 female rats and 5 male and 5 female mice in each room were sacrificed for the evaluation of the 
health status of the animals. In addition, special health checks were conducted on 5 males and 
5 females in each room. The health checks indicated that no ectoparasites or endoparasites were 
present; however, gross abnormalities were found in several of the rats and in one mouse. Only animals 
with a generally healthy appearance were used in the studies. 

Fifteen F344/N rats of each sex per room were selected at the time of randomization and allocation of 
the animals to the various study groups to serve as sentinel animals. Similarly, 15 B6C3F1 mice of each 
sex per room were designated as sentinel animals. Five animals of each designated sentinel group were 
killed at 6, 12, and 18 months on study. Blood processed from rats during the 14- and 66-week interim 
evaluations was also used for serological screening. Data from animals surviving 24 months were 
collected from 5/50 randomly selected control animals of each sex. The blood from each animal 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 antibody 
titers. The following tests were performed: 

RATS 

Test 
ELISA 

RCV/SDA (sialodacryoadenitis virus) 
PVM (pneumonia virus of mice) 
Sendai virus 
Mycoplasma pulmonis 
Mycoplasma arthriditis 
CARB (cilia-associated respiratory bacillus) 

Hemagglutination Inhibition 
KRV (Kilham rat virus) 
H-1 (Toolan's H-1 virus) 

Time of Anal~is 

O, 3, 6, 12, 15, 18, and 24 months 
O, 3, 6, 12, 15, 18, and 24 months 
O, 3, 6, 12, 15, 18, and 24 months 
O, 3, 6, 12, 15, 18, and 24 months 
O, 3, 6, 12, 15, 18, and 24 months 
18 months 

O, 3, 6, 12, 15, 18, and 24 months 
O, 3, 6, 12, 15, 18, and 24 months 
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MICE 

Test 
Complement Fixation 

LCM (lymphocytic choriomeningitis virus) 

ELISA 
Reovirus type 3 
M. Ad. (mouse adenoma virus) 
Mycoplasraa pulmonis 
Mycoplasma arthritidis 
PVM (pneumonia virus of mice) 
Sendai virus 
MI-IV (mouse hepatitis virus) 
Ectromelia virus 
GDVII (mouse encephalomyelitis virus) 

Hemagglutination Inhibition 
K (papovavirus) 
Polyoma virus 
MVM (minute virus of mice) 

Immunofluorescence Assay 
PVM 
EDIM (Epizootic diarrhea of infant mice) 
LCM 

Time of Analysis 

6, 12, and 18 months 

6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 

6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 

12 months 
6, 12, 18, and 24 months 
24 months 

R E S U L T S  
The serology results for sentinel animals are presented in Table O1. 
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TABLE O 1  

M u H n e  V i r u s  A n t i b o d y  D e t e r m i n a t i o n s  f o r  R a t s  a n d  M i c e  i n  t h e  2 - Y e a r  

C h l o r i n a t e d  a n d  C h i o r a m i n a t e d  W a t e r  Studies  

Interval (months) Number of  
Animals 

Posi t ive Serologic 
Reac t ion  for 

0 0/20 

2 0/1 a 

3 b 0/140 

6 2/20 
2/2O 

12 1/20 

15 d 0/129 

18 2/2O 

24 2/18 

KRV 
H-1 

~ .  arthdt/d/s c 

~ .  art~/t/d/s c 

M. an~r/t/d./.v c 

Mice 
6 0/16 

12 2/18 

18 0/19 

24 0/19 

PVM e 

a Rat FM-745. 
b 14-week interim evaluation. 
c These results possibly represented reactivity of the serum with an antigen cross reactive to M. arthr/t/d/s. These results may be 

considered false positive. 
d 66-week interim evaluation. 
• Sera from both of these mice reacted with control antigen in the IFA tests for both PVM and EDIM. These results may be 

considered false positive. 
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TR N~ CHEMICAL 

201 2,3,7,8-Tetrachlorodibenzo.p-dioxin (Dermal) 
206 1,2-Dibroomo-3-chloropropane 
207 Cytembena 
208 FD & C Yellow No. 6 
209 2,3,7,8-Tet rachlorodibenzo.p ~iosin (Garage) 
210 1,2-Dibromoethane 
211 C.I. Acid Orange 10 
212 Di(2-ethylhexyl)adipate 
213 Butyl Benzyl Phthalate 
214 CaprolaOam 
215 Bisphenol A 
216 11-Aminoundecanoic Acid 
217 Di(2-ethylhexyl)phthalate 
219 2,6-Dichloro-p-phenylenediamine 
220 C.L Acid Red 14 
221 Locust Bean Gum 
222 C.L Disperse Yellow 3 
223 Eugenol 
224 Tara Gum 
225 D & C Red No. 9 
226 C.L Solvent Yellow 14 
227 Gum Arabic 
228 Vinylidene Chloride 
229 Guar Gum 
230 Agar 
231 Stannous Chloride 
232 Pentachloroethane 
233 2-Bipheny!amine Hydrochloride 
234 Allyl lsothiocy~nate 
235 Zearalenone 
236 D-Mannitol 
237 1,1,1,2-Tetrachloroethane 
238 Ziram 
239 Bis(2-chloro-1 -methylethyl)ether 
240 Propyl Gallate 
242 Diallyl Phthalate (Mice) 
243 Trichloroethylene (Rats and Mice) 
244 Polybrominated Biphenyl Mixture 
245 Melamine 
246 Ch~j~otile Asbestos (Hamsters) 
247 L-Ascorbic Acid 
248 4,4'-Methylenedianiline Dihydrochloride 
249 Amosite Asbestos (Hamsters) 
250 Benzyl Acetate 
251 2,4- & 2,6-Toluene Diisocyanate 
252 Geranyl Acetate 
253 Ailyl lsovalerate 
254 Dichloromethane (Methylene Chloride) 
255 1,2-Dichlorobenzene 
257 Diglycidyl Resorcinol Ether 
259 Ethyl Acrylate 
261 Chlorobenzene 
263 1,2-Dichioropropane 
266 Monuron 
267 1,2-Propylene Oxide 
269 Tel0ne lie (1,3-Dichloropropene) 
271 HC Blue No. 1 
272 Propylene 
273 Trichloroethylene (Four Rat Strains) 

T R N ~  CHEMICAL 

274 Tris(2-ethylhexyl)phosphate 
275 2-Chloroethanol 
276 8-Hydroxyquinoline 
277 Tremolite 
278 2,6-Xylidine 
279 Amosite Asbestos 
280 Crocidolite Asbestos 
281 HC Red No. 3 
282 Chlorodibromomethane 
284 Diallylphthalate (Rats) 
285 C.I. Basic Red 9 Monohydrochloride 
287 Dimethyl Hydrogen Phosphite 
288 1,3-Butadiene 
289 Benzene 
291 Isophorone 
293 HC Blue No. 2 
294 Chlorinated Trisodium Phosphate 
295 Chrysotile Asbestos (Rats) 
296 Tetrakis(hydroxymethyi) phosphonium Sulfate & 

Tetrakis(hydrroxymethyl) phosphonium Chloride 
298 Dimethyl Morpholinophosphoramidate 
299 C.I. Disperse Blue 1 
300 3-Chloro-2-methylpropene 
301 o-Phenylphenol 
303 4-Vinylcyclohexene 
304 Chlorendic Acid 
305 Chlorinated Paraffins (C23, 43% chlorine) 
306 Dichloromethane (Methylene Chloride) 
307 Ephedrine Sulfate 
308 Chlorinated Paraffins (ci2, 60% chlorine) 
309 Decabromodiphenyl Oxide 
310 Marine Diesel Fuel and JP-5 Navy Fuel 
311 Tetrachloroethylene (Inhalation) 
312 n-Butyl Chloride 
313 Mirex 
314 Methyl Methacrylate 
315 Oxytetracycline Hydrochloride 
316 1 -Chloro-2-methylpropene 
317 Chlorpheniramine Maleate 
318 Ampicillin Trihydrate 
319 1,4-Dichlorobenzene 
320 Rotenone 
321 Bromodichloromethane 
322 Phenylephrine Hydrochloride 
323 Dimethyl Methylphosphonate 
324 Boric Acid 
325 Pentachloronitrobenzene 
326 Ethylene Oxide 
327 Xylenes (Mixed) 
328 Methyl Carbamate 
329 1,2-Epoxybutane 
330 4-Hexyiresorcinol 
331 Malonaldehyde, Sodium Salt 
332 2-Mercaptobenzot hiazole 
333 N-P henyl-2-naphthylamine 
334 2-Amino-5 -nitrophenol 
335 C.I. Acid Orange 3 
336 Penicillin VK 
337 Nitrofurazone 
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TR No. CHEMICAL TR No. CHEMICAL 

338 ~ m y c i n  Stearate 366 Hydroquinone 
339 2-Amino=4-nitrophenol 367 Phenylbutazone 
340 lodinated Glycerol 368 Nalidixic Acid 
341 Nitrofurantoin 369 Alpha-Methylbenzyl Alcohol 
342 Dichlotvos 370 Benzofunm 
343 Benzyl Alcohol 371 Toluene 
344 Tetracycline Hydrochloride 372 3,3'-Dimetho~benzidine Dihydrochloride 
345 R~emrsoue 373 Succinic Anhydride 
346 Chloroethane 374 Glycidol 
347 D-Limonene 375 Vinyl Toluene 
348 a-Methyldopa Sesquihydrate 376 Allyl Glycidyl Ether 
349 Pentachlorophenol 377 o-Chlorobenzalmalononitrile 
350 Tribromomethaue 378 Benzaldehyde 
351 p-Chioroaniline Hydrochloride 379 2-Chioroacetophenoue 
352 N-Methylolacrylamide 380 Epinephrine Hydrochloride 
353 2,4-Dichlorophenol 381 d-Carvone 
354 Dimetho~aue 382 Furfural 
355 Diphenhydramine Hydrochloride 386 Tetranitromethaue 
356 F ~ m i d e  387 Amphetamine Sulfate 
357 Hydrochlorothiazide 389 Sodium Azide 

I . . . 358 Ochratoxin A 390 3,3 -D~methylbenz~dme Dihydrochloride 
359 8-Methoxypsoralen 391 Tris(2-chloroethyl) Phosphate 
360 N,N-Dimethylaniline 393 Sodium Fluoride 
361 He~achioroethaue 395 Probenecid 
362 4-Vinyl-l-Cycloheaene Diepoxide 396 Monochloroacetic Acid 
363 Bromoethaue (Ethyl Bromide) 399 Titanoceue Dichloride 
364 Rhodamiue 6G (C.I. Basic Red 1) 405 C.I. Acid Red 114 
365 Pentaetythritol Tetranitrate 415 Polysorhate 80 

These NTP Technical Reports are available for sale from the National Technical Information Service, U.S. Department of 
Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single copies of this Technical Report are available 
without charge (and while supplies last) from the Public Health Service, National Toxicology Program, Central Data Management, 
P.O. Box 12233, MD A0-O1, Research Triangle Park, NC 27709 



DEPARTMENT OF 
HEALTH & HUMAN SERVICES 

Public Health Service 
National Todcology Program 
Central Data Management 
P.O. Box 12233, MD A0.01 
Research Triangle Park, NC 27709 

SPECIAL FOURTH-CLASS RATE 
POSTAGE AND FEES PAID 

DHHS/NIH 
Permit No. G-763 

Official Business 
Penalty for Pdvate Use - $300 

NIH Publication No. 92-2847 
M a r c h  1992 


	CONTENTS
	ABSTRACT
	EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY
	PEER REVIEW PANEL
	SUMMARY OF PEER REVIEW COMMENTS
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION AND CONCLUSIONS
	REFERENCES
	APPENDIX A SUMMARY OF LESIONS IN MALE RATS IN THE 2-YEAR CHLORINATED WATER STUDY
	APPENDIX B SUMMARY OF LESIONS IN FEMALE RATS IN THE 2-YEAR CHLORINATED WATER STUDY
	APPENDIX C SUMMARY OF LESIONS IN MALE RATS IN THE 2-YEAR CHLORAMINATED WATER STUDY
	APPENDIX D SUMMARY OF LESIONS IN FEMALE RATS IN THE 2-YEAR CHLORAMINATED WATER STUDY
	APPENDIX E SUMMARY OF LESIONS IN MALE MICE IN THE 2-YEAR CHLORINATED WATER STUDY
	APPENDIX F SUMMARY OF LESIONS IN FEMALE MICE IN THE 2-YEAR CHLORINATED WATER STUDY
	APPENDIX G SUMMARY OF LESIONS IN MALE MICE IN THE 2-YEAR CHLORAMINATED WATER STUDY
	APPENDIX H SUMMARY OF LESIONS IN FEMALE MICE IN THE 2-YEAR CHLORAMINATED WATER STUDY
	APPENDIX I ORGAN WEIGHTS AND ORGAN-WEIGHT-TO-BODY-WEIGHT RATIOS
	APPENDIX J HEMATOLOGY RESULTS AT THE 14-WEEK/15-WEEK AND 66-WEEK INTERIM EVALUATIONS
	APPENDIX K CHEMICAL CHARACTERIZATION AND DOSE FORMULATION
	APPENDIX L WATER AND COMPOUND CONSUMPTION BY RATS AND MICE IN THE 2-YEAR DRINKING WATER STUDIES
	APPENDIX M INGREDIENTS, NUTRIENT COMPOSITION, AND CONTAMINANT LEVELS IN FEED AND WATER
	APPENDIX N FEED CONSUMPTION BY RATS AND MICE IN THE 2-YEAR DRINKING WATER STUDIES
	APPENDIX O SENTINEL ANIMAL PROGRAM
	NTP Reports
	NTP Home Page
	EHIS Home Page

