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NOTE TO THE READER 


These studies are designed and conducted to characterize and evaluate the toxicologic potential, in­
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species1 rats and 
mice). Chemicals selected for testing in the NTP Carcinogenesis Program are chosen primanly 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. Negative results, in which the test animals do not have a greater
incidence ofcancer than control animals, do not necessarily mean that a test chemical is not a carcmogen, 
inasmuch as the experiments are conducted under a limited set of conditions. Positive results 
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate 
that exposure to the chemical has the potential for hazard to humans. The determination of the risk to 
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends 
beyond the purview of this study. 

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

• 	 Clear Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a 
chemically related increasea incidence of malignant neoplasms, studies that exhibit a sub­
stantially increased incidence of benign neoplasms, or studies that exhibit an increased incidence 
of a comoination of malignant and bemgn neoplasms where each increases with dose. 

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

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

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

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

Additionally, the following concepts (as patterned from the International Agency for Research on Cancer 
Monographs) have been adopted oy the NTP to give further clarification of these issues: 

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

This study was initiated by the National Cancer Institute's Carcinogenesis Bioassay Program now part
of the National Institute of Environmental Health Sciences, National Toxicology Program. The studies 
described in this Technical Report have been conducted in compliance with NTP chemical health and 
safety requirements and must meet or exceed all applicable Federal, state, and local health and safety 
regulations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being pre­
sented for peer review. 

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes may 
occur. Readers are requested to identify any mistakes so that corrective actwn may be taken. Further, 
any:one who is aware of related ongoing or I>Ublished studies not mentioned in this report is encouraged to 
make this information known to the NTP. Comments and _guestions about the National Toxicology 
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J.E. Huff, 
National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780). 

These NTP Technical Reports are available for sale from the National Technical Information Service, 
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
COP.ies of this Technical Re~ort are available without charge (and while supplies last) from the NTP 
Public Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 
27709. 
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CH3CHCI(CHCICH2CH2CH2)5CH2CI 
(Approximation) 

Chlorinated Paraffins 
Average Chain Length: C23 

43% Chlorine by Weight 

Molecular Weight 560 (average) 

ABSTRACT 

Toxicology and carcinogenesis studies of chlorinated paraffins (C23, 43% chlorine), an extreme­
pressure lubricant and flame retardant, were conducted by administering the chemical in corn oil by 
gavage to groups of 50 F344/N rats and 50 B6C3Fl mice of each sex, 5 days per week for 103 weeks. 
Additional groups of 10 rats per sex and dose were examined at 6 and at 12 months. Male rats re­
ceived doses ofO, 1,875, or 3,750 mg/kg body weight; female rats were given 0, 100, 300, or 900 mg/kg. 
Male and female mice received 0, 2,500, or 5,000 mg/kg. Doses selected for the 2-year studies were 
based on the results from 13-week studies in which rats of each sex received 0 to 3,750 mg/kg, and 
mice of each sex, 0 to 7,500 mg/kg. No toxicity of chlorinated paraffins (C23, 43% chlorine) was ob­
served in male rats or in male or female mice in the 13-week studies. A dose-related inflammation of 
the liver was observed in female rats in the 13-week studies and in male and female rats at 6 and 12 
months in the 2-year studies. 

Chlorinated paraffins (C23, 43% chlorine) administration did not influence mean body weights of rats 
during the 2-year studies, but both male and female low dose mice gained less weight than did vehicle 
controls or the high dose groups. Survival of dosed and vehicle control groups was similar for each sex 
and species (male rats: vehicle control, 30/50; low dose, 32/50; high dose, 27/50; female rats: 34/50; 
30/50; 33/50; 31150; male mice: 29/50; 36/50; 28/50; female mice: 21150; 22/50; 20/50). For female 
mice, 60%-70% of the early deaths in each group were attributed to utero-ovarian infection. The 
lower survival for female mice may have decreased the sensitivity of this study to detect a carcino­
genic effect. 

Pheochromocytomas of the adrenal gland medulla occurred with an increased incidence in female 
rats exposed to chlorinated paraffins (C23, 43% chlorine) (vehicle control, 1150; low dose, 4/50; mid 
dose, 6/50; high dose, 7/50). However, adrenal gland medullary hyperplasia was not increased (6/50; 
3/50; 1150; 6/50). Malignant lymphomas were increased in dosed male mice (6/50; 12/50; 16/50). High 
dose female mice showed a marginal increase in the incidence of hepatocellular carcinomas (1150; 
1149; 6/50) and in the incidence of adenomas or carcinomas (combined) (4/50; 3/49; 10/50). 

The primary nonneoplastic lesion associated with chlorinated paraffins (C23, 43% chlorine) ad­
ministration was a diffuse lymphohistiocytic inflammation in the liver and in the pancreatic and 
mesenteric lymph nodes of male and female rats. Splenic congestion was a secondary effect. These 
lesions occurred earlier and at lower doses in female rats than in male rats. No significant nonneo­
plastic lesions were considered compound related in mice. 

Chlorinated paraffins (C23, 43% chlorine) was not mutagenic in strains TA100, TA1535, TA97, or 
TA98 of Salmonella typhimurium in the presence or absence of Aroclor 1254-induced male Sprague­
Dawley rat or male Syrian hamster liver S9 when assayed according to the preincubation protocol. 
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An audit of the experimental data was conducted for these 2-year studies of chlorinated paraffins 
(C23, 43% chlorine). No data discrepancies were found that influenced the final interpretations. 

Under the conditions of these 2-year gavage studies, there was no evidence ofcarcinogenicity* of chlo­
rinated paraffins (C2a. 43% chlorine) for male F344/N rats given 1,875 or 3,750 mg/kg per day. There 
was equivocal evidence of carcinogenicity of chlorinated paraffins (C2a. 43% chlorine) for female 
F344/N rats as shown by an increased incidence of adrenal gland medullary pheochromocytomas. 
There was clear evidence of carcinogenicity of chlorinated paraffins (C23, 43% chlorine) for male 
B6C3Fl mice as shown by an increase in the incidence of malignant lymphomas. There was equivocal 
evidence of carcinogenicity of chlorinated paraffins (Cza, 43% chlorine) for female B6C3Ft mice as 
shown by a marginal increase in the incidence of hepatocellular neoplasms. 

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
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SUMMARY OF PEER REVIEW COMMENTS 

ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 


CHLORINATED PARAFFINS (C23, 43% CHLORINE) 


On August 14, 1985, the draft Technical Report on the toxicology and carcinogenesis studies of chlori­
nated paraffins (C23, 43% chlorine) received peer review by the National Toxicology Program Board 
of Scientific Counselors' Technical Reports Review Subcommittee and associated Panel of Experts. 
The review meeting began at 9:00a.m. in the Conference Center, Building 101, National Institute of 
Environmental Health Sciences, Research Triangle Park, North Carolina. 

Dr. Hooper, a principal reviewer, commented that although the high viscosity of the dosing vehicle 
may have prevented administration of maximum tolerated doses, the linear increase in liver weight 
indicated achievement of a biologically effective dose, at least in rats. However, the decreased 
survival in female mice due to a utero-ovarian infection may have limited the sensitivity of the study. 
He felt that more comparisons of the findings between these studies and those with chlorinated 
paraffins (C12. 60%) (NTP TR 308) would be useful, especially with regard to liver changes in rats. 

As a second principal reviewer, Dr. Tannenbaum agreed with the conclusions. He said that if serum 
enzyme changes were an indication ofliver toxicity, then discussion was warranted as to whether the 
maximum tolerated dose may have been exceeded. Dr. J. Bucher, NTP, agreed that increases in 
serum enzyme levels reflected liver damage in male rats but noted that there were no effects on 
weight gain or survival and, in male rats, no chemically related tumors. With regard to chemical 
characterization, Dr. Tannenbaum stated that capillary gas chromatography for a mixture profile 
would have been preferable for both chlorinated paraffins (C23, 43%, and C12. 60%). Dr. T. Goehl, 
NIEHS, said earlier analytical studies indicated that the compounds do not chromatograph re­
producibly and tend to dehalogenate when heated. Dr. Tannenbaum replied that recent technology 
allows analysis of thermolabile compounds through the use of capillary columns. 

As a third principal reviewer, Dr. Kotelchuck agreed with the conclusions but suggested that there be 
more discussion in the Technical Report about why the marginal increases of pancreatic islet cell ade­
nomas and neoplastic liver nodules in male rats were not considered to be chemically related. He ob­
served that the striking difference in incidence and patterns of neoplastic lesions between these stud­
ies with the longer chain (C23) and the shorter chain (C12> paraffins suggested the need for further 
studies, especially in examining differential metabolism in mammalian species. In response to these 
comments, Dr. Bucher said that more comparisons of the results between the C23 and C12 compounds 
would be included in the Report [see page 60]. 

In other discussion, Dr. Mirer reported that these substances are used in 2%-5% concentrations in 
cutting fluids in machining operations. He said that there is considerable literature about increased 
incidences of cancer in workers exposed to machining and cutting fluids, although there is no good 
evidence pointing at specific constituents of the fluids. He said that more mention should be given to 
significant nontumor pathologic findings. 

There was further discussion as to whether the conclusion in male mice should remain clear evidence 
of carcinogenicity or be changed to some evidence of carcinogenicity. Dr. Swenberg noted that malig­
nant lymphoma is one of the more variable tumors and has a viral origin in many cases. Dr. Purchase 
commented that statistically significant trends were obtained only if the lymphocytic and histiocytic 
tumor types were combined. Dr. E. McConnell, NIEHS, said that this was done routinely. Dr. Hooper 
said support for the original conclusion derived from a clearly significant trend test, significant 
pairwise comparison at the high dose, and the fact that both low dose and high dose incidences of the 
tumor are above the historical control range. 
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Dr. Hooper moved that the conclusions as written for both rats and mice be accepted. Dr. Kotelchuck 
seconded the motion, and it carried by five affirmative votes (Dr. Crowley, Dr. Hooper, Dr. 
Kotelchuck, Dr. Mirer, and Dr. Perera) to four negative votes (Dr. Jones, Dr. Kociba, Dr. Swenberg, 
and Dr. Tannenbaum) with two abstentions (Dr. Purchase and Dr. Turnbull). Because of the close­
ness of the vote, Dr. Hook asked that separate votes be taken. Dr. Hooper moved that the conclusion 
for male rats, no evidence of carcinogenicity, and that for female rats, equivocal evidence of 
carcinogenicity, be accepted as written. Dr. Kotelchuck seconded the motion, and it was approved by 
10 affirmative votes with one abstention (Dr. Purchase). Dr. Hooper then moved that the conclusion 
for female mice, equivocal evidence of carcinogenicity, be accepted as written. Dr. Kotelchuck 
seconded the motion, and it was approved by 10 affirmative votes with one abstention (Dr. Purchase). 
Dr. Hooper moved that the conclusion for male mice, clear evidence of carcinogenicity, be accepted as 
written. Dr. Perera seconded the motion, and it was approved by five affirmative votes (Dr. Crowley, 
Dr. Hooper, Dr. Kotelchuck, Dr. Mirer, and Dr. Perera) to four negative votes (Dr. Jones, Dr. Kociba, 
Dr. Swenberg, and Dr. Tannenbaum) with two abstentions (Dr. Purchase and Dr. Turnbull). 
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CH3CHCl(CHClCH2CH2CH2)5CH2Cl 
(Approximation) 

Chlorinated Paraffins 
Average Chain Length: C23 

43% Chlorine by Weight 

Molecular Weight 560 (average) 

Commercial chlorinated paraffins are saturated 
straight-chain hydrocarbons ranging from 10 to 
30 carbons in length and containing 20%-70% 
chlorine by weight. These paraffins are manu­
factured by the liquid-phase chlorination of 
various paraffinic stocks under controlled con­
ditions of temperature and illumination (Hardie, 
1967). A variety of chlorinated isomers are 
generated from each paraffin present, and even 
the purest of these products is more complex 
than commercial mixtures of polychlorinated bi­
phenyls (PCB's) and chlorinated naphthalenes 
(Howard et al., 1975). Most companies that pro­
duce chlorinated paraffins offer several different 
products distinguishable by the average carbon 
chain length and the degree of chlorination. 

The subject of this report is the mixture of chlori­
nated paraffins produced from a c23 (average) 
paraffin feedstock chlorinated to approximately 
43% by weight. The NTP has also performed 
toxicity and carcinogenicity evaluations on 
shorter chain paraffins, c12 (average), chlori­
nated to 60%; the results of those studies are 
reported separately (NTP, 1986). 

Chlorinated paraffins CC23, 43% chlorine) is a 
clear to slightly yellow, viscous liquid. It is solu­
ble in mineral and lubricating oils, benzene, 
various chlorinated solvents, ether, ketones, 
esters, and a variety of aliphatic and aromatic 
hydrocarbons but is insoluble in water and 
alcohol (Hardie, 1967). Small amounts of iso­
paraffins and aromatics may be present as con­
taminants; the content of aromatics in the C2a 
feedstock is typically less than 0.1% (Zitko, 
1980). Trace amounts of carbon tetrachloride, 
methylene chloride, chloroform, or tetrachloro­
ethylene may remain from the manufacturing 
process. Epoxidized fatty acids, organotin com­
pounds, lead oxide, or other compounds are 
usually added to the commercial product as 
stabilizers (Svanberg and Linden, 1979; Howard 

Chlorinated Paraffins CC2a, 43% Cl) 

et al., 1975), but none of these substances was 
incorporated into the test material used in these 
studies. 

Production and Uses 

Various chlorinated paraffins are manufactured 
worldwide by a large number of companies. 
Total global production was estimated to be 
greater than 250,000 metric tons (250 X 106 kg) 
per year in 1978 (Zitko, 1980). Their commercial 
importance appears to be increasing as shown by 
a market growth of about 5% per year from 1972 
to 1977 (Campbell and McConnell, 1980). 
Production of chlorinated paraffins in the 
United States in 1983 was 99 million pounds (45 
X 106 kg) (USITC, 1984). 

Chlorinated paraffins are used as extreme­
pressure lubricant additives (45% of total 
production); as flame retardants in rubber, plas­
tics, and paints (27%); and as secondary plas­
ticizers, primarily in polyvinylchloride (24%) 
(Howard et al., 1975). Small amounts are also 
used in certain types of adhesives, plastics, 
caulks, and inks (Zitko, 1980). The viscosity of 
the chlorinated paraffins and their capacity to 
slowly release hydrogen chloride at high tem­
peratures account for the lubricating and flame­
retardant properties of these materials. For 
many applications, chlorinated paraffins are 
being used in place of PCB's (Svanberg and 
Linden, 1979). 

Environmental Occurrence 

Campbell and McConnell (1980) found chlori­
nated paraffins in marine and fresh waters and 
sediments in the United Kingdom. Concen­
trations in nonindustrialized areas ranged from 
less than 0.5 ppb to 2 ppb (waters) and from less 
than 0.5 ppb to 10 ppm (sediments). In 
industrialized areas, the upper values increased 
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to 6 ppb in water and to 15 ppm in sediments. 
The concentrations of chlorinated paraffins in 
aquatic organisms were generally similar to the 
concentrations in the sediments below the water 
in which they lived. Little evidence of bio­
accumulation or biomagnification was found. 
Baldwin and Bennett (1974) examined 52 
samples of 6 species of fish, 2 species of shellfish, 
and the eggs of 4 species of aquatic birds. They 
found chlorinated paraffins in 13 of these 
samples at concentrations of about 0.5 ppm. 

Campbell and McConnell (1980) isolated chlori­
nated paraffins from human liver (up to 1.5 ppm) 
and adipose tissue (0.6 ppm). They estimated 
that the total body burden could range from 0 to 
7 mg. These investigators also detected chlori­
nated paraffins in dairy products, vegetable oils, 
fruits, and vegetables. 

Metabolism 

The uptake and elimination of chlorinated 
paraffins have been studied in fish, birds, and 
rodents (Biessman et al., 1983; Lombardo et al., 
1975; Svanberg et al., 1978). In general, these 
studies have employed chlorinated paraffins 
labeled with 14C or 36Cl or have assessed total 
tissue chloride. Attempts have been made to 
characterize labeled materials after isolation 
from tissues or excreta, but the metabolic path­
ways involved in the degradation of the chlori­
nated paraffins remain largely unknown. 

In C57BL mice, a chlorinated paraffin with a 
chain length of 16 carbons and a chlorine con­
tent of34% by weight CC1s. 34% chlorine) in a fat 
emulsion was readily absorbed after oral admin­
istration and distributed to tissues that exhibit 
high metabolic activity, e.g., the intestinal 
mucosa, bone marrow, and exocrine glands 
(Darnerud and Brandt, 1982). At least a portion 
of this chlorinated paraffin underwent ~-oxida­
tion, ultimately yielding carbon dioxide; a de­
chlorination reaction was required for ~-oxida­
tion to occur (Darnerud et al., 1982). 

No metabolism studies have been reported for 
chlorinated paraffins (C23, 43% chlorine), but 
from studies of other chlorinated paraffins, cer­
tain aspects of the metabolism of this material 
are suggested. As the chlorine content of the 
chlorinated paraffin is increased, the amount of 

compound that is absorbed following oral 
administration is decreased. Thus, fecal ex­
cretion is a major route of elimination of highly 
chlorinated paraffins, and the amount of com­
pound metabolized to carbon dioxide or excreted 
via the urine is small (Darnerud et al., 1982). A 
highly chlorinated paraffin (C1s, 69% chlorine) 
was distributed initially to the liver, kidney, and 
gallbladder in C57BL female mice after oral or 
intravenous administration, and over a 4-day 
period it accumulated in the corpora lutea and 
fat. Poor absorption would account in part for 
the small amount of observed .!3-oxidation of the 
highly chlorinated paraffin, but the existence of 
other metabolic pathways for the absorbed 
paraffins was suggested by the observation of 
biliary excretion of labeled materials that were 
more polar than the parent compound (Biess­
mann et al., 1983). By following the dis­
appearance of chlorine-36 after feeding 36Cl­
labeled C14-17-n-paraffin (52% chlorine) to 
Wistar-derived rats for 10 weeks, Birtley et al. 
(1980) estimated the half-life for elimination of 
this chlorinated paraffin to be less than 1 week 
from liver and approximately 8 weeks from fat. 

Toxicity 

The acute toxicity of chlorinated paraffins is low. 
Ninety-six-hour LCso values for various chlori­
nated paraffins CC23, 40% chlorine; Czo, 34% 
chlorine; c24· 48% chlorine; cl0-13· 58% 
chlorine) for rainbow trout and bluegill are 
greater than 300 mg/liter (Howard et al., 1975). 
However, a progressive loss of motor function 
and other evidence of possible neurotoxic effects 
were seen in bleaks and rainbow trout in feed 
studies of subacute effects and with lower con­
centrations (40 mg/liter) of chlorinated paraffins 
in the water (Howard et al., 1975; Svanberg et 
al., 1978). When adult rainbow trout were ex­
posed to Czo.ao, 42% chlorine, at 385 ppm in feed 
for 35 days, no effects were observed (Madeley 
and Birtley, 1980), but Lombardo et al. (1975) 
noted reduced growth of fingerling trout fed a 
diet containing 10 ppm C10-12. 58% chlorine, for 
up to 82 days. 

No toxicity was observed in ducks or pheasants 
after single (oral gavage) and 5-day repeated­
dose exposures (feed) to C14.17, 52% chlorine, at 
doses up to 24.6 glkg (Madeley and Birtley, 
1980). No deaths resulted from the oral dosing 
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of rats (unspecified strain) with chlorinated par­
affins (C2a, 40% chlorine), at 10 ml/kg or with 
chlorinated paraffins (C24, 70% chlorine), at 50 
g/kg; the oral LDso value for C10-12, 58% chlo­
rine, was determined to be greater than 21.5 
ml/kg (Howard et aL, 1975). Death in these 
studies was attributed to physical obstruction 
due to the large volumes administered. 

The low acute toxicity of several chlorinated 
paraffins in pathogen-free Wistar rats was re­
ported by Birtley et aL (1980). Clinical signs 
were observed in rats receiving over 4 g/kg but 
were limited to piloerection, muscular incoor­
dination, and urinary and fecal incontinence. 
Gross and histologic examinations revealed 
gastric inflammation, hepatocellular vacuo­
lation with occasional necrotic foci, and cloudy 
swelling of some inner cortical cells of the 
kidney. 

In 90-day studies in which Wistar rats consumed 
feed containing up to 5,000 ppm chlorinated 
paraffins (C14-17· 52% chlorine), no effects were 
noted on survival, clinical signs, hematologic 
measurement, or the efficiency of food utiliza­
tion (Birtley et aL, 1980). However, liver and 
kidney weights were elevated, and microscopic 
examination of the liver showed proliferation of 
smooth endoplasmic reticulum. Similar results 
were observed in male beagle dogs given up to 
100 mg/kg chlorinated paraffins (C14-17, 52% 
chlorine) in feed for 90 days, but no effects were 
seen in females. 

The various chlorinated paraffins exhibit little 
or no potential to irritate the skin of humans or 
rabbits but can cause mild conjunctivitis when 
applied to the eyes of rabbits (Howard et aL, 
1975; Birtley et aL, 1980). No incidents of hu­
man intoxication have been reported in workers 
involved in the handling or manufacture of 
chlorinated paraffins (Howard et aL, 1975). No 

epidemiologic or animal studies were available 
that examined the potential of the chlorinated 
paraffins to cause carcinogenic, teratogenic, or 
reproductive effects. 

Mutagenicity 

Chlorinated paraffins (C2a, 43% chlorine) was 
not mutagenic in Salmonella typhimurium 
strains TA100, TA1535, TA97, or TA98 in the 
presence or absence of Aroclor 1254-induced 
male Sprague-Dawley rat or Syrian hamster 
liver S9 when tested according to the preincuba­
tion protocol (Appendix G). Birtley et aL (1980) 
also found that Cereclor 55® (C2o-ao, 42% chlo­
rine) was not mutagenic with or without 
metabolic activation inS. typhimurium and that 
the material did not induce morphologic trans­
formation ofBHK cells in vitro. 

Study Rationale 

Chlorinated paraffins (C2a. 43% chlorine) and 
chlorinated paraffins (C12, 60% chlorine) were 
nominated by the National Cancer Institute and 
the Consumer Product Safety Commission as 
representative examples of chlorinated paraf­
fins. Chlorinated paraffins were designated as 
priority chemicals by the Interagency Testing 
Committee (lTC) of the U.S. Environmental Pro­
tection Agency in October 1977 because of their 
large and growing market and their use pattern. 
The lTC recommended testing for carcino­
genicity, mutagenicity, teratogenicity, and other 
chronic effects in mammals and for persistence, 
environmental fate, and chronic effects on 
aquatic organisms (42 FR 55026). The NTP 
toxicology, mutagenicity, and carcinogenesis 
studies, and a large independent research pro­
gram on the chlorinated paraffins sponsored by a 
consortium of chlorinated paraffin manufac­
turers (47 FR 1017), were initiated in response 
to this recommendation. 
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II. MATERIALS AND METHODS 


PROCUREMENT AND 
CHARACTERIZATION OF 
CHLORINATED PARAFFINS 
(C23• 43% CHLORINE) 

Chlorinated paraffins (C23, 43% chlorine) was 
obtained in two lots from Diamond Shamrock 
Corporation as the commercial-grade material 
without stabilizers (Table 1). The material was 
reported by the manufacturer to be a mixture of 
chlorinated paraffins (C22-2s> with an average 
molecular weight of 560 and 43% chlorine con­
tent. Each lot was shipped in several containers. 
For each lot, the contents of the containers were 
combined, mixed, and returned to the original 
containers. 

Purity and identity analyses were conducted at 
Midwest Research Institute (Kansas City, 
Missouri) (Appendix H). For both lots, infrared 
spectra were consistent with those in the 
literature, and ultraviolet/visible and nuclear 

magnetic resonance spectra were consistent 
with those expected for the structure. 

For both lots, nos. R-301-137F and R201-965, 
cumulative data from elemental analyses, Karl 
Fischer water analysis, and thin-layer chroma­
tography indicated that the study material fit 
the manufacturer's specifications for average 
molecular weight and chlorine content. Acid 
content (as hydrochloric acid) was determined to 
be 3 ppm for lot no. R-301-137F and 4.7 ppm for 
lot no. R-201-965. The chlorinated paraffins 
(C23, 43% chlorine) used in these studies differed 
from the commercial product in that it did not 
have added stabilizers and therefore was not 
stable at temperatures above 25° C (Appendix 
H). Chlorinated paraffins (C23, 43% chlorine) 
was stored at 5° C until September 4, 1979, and 
thereafter at -20° C. Results of periodic analy­
ses of the bulk chemical by infrared spectroscopy 
and thin-layer chromatography indicated that 
no notable degradation occurred during the 
studies (Appendix H). 

TABLE 1. IDENTITY AND SOURCE OF LOTS USED IN THE GAVAGE STUDIES OF CHLORINATED 
PARAFFINS (C2a• 43% Cl) 

Single-
Administration Sixteen-Day Thirteen-Week Two-Year 

Studies Studies Studies Studies 

Lot Numbers R-301-137F R-301-137F R-301-137F 	 R-301-137F 
R-201-965 

Date oflnitial Use 6t5n9 N/A N/A 8/12/81 
ofEachLot 

Supplier 	 Diamond Shamrock Same as single- Same as single- Same as single-
Corp. (Dallas, TX) administration studies administration studies administration studies 
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II. MATERIALS AND METHODS 


PREPARATION AND 
CHARACTERIZATION OF 
DOSE MIXTURES 

Accurately weighed aliquots of chlorinated 
paraffins (C23, 43% chlorine) and corn oil were 
mixed (w/w) to give the desired concentrations 
(Table 2; Appendix 1). The mixing procedure 
was changed during the second year of the 2­
year studies to improve homogeneity and pre­
vent separation of the corn oil/chlorinated paraf­
fins (C2a, 43% chlorine) mixtures. Chlorinated 
paraffins (C23, 43% chlorine) in corn oil was 
found to be stable for 28 days in the dark at room 
temperature. Before October 1980, chlorinated 

paraffins (C23, 43% chlorine)/corn oil mixtures 
were stored at 0° ± 5° C for no longer than 8 
days; thereafter, the mixtures were stored for 14 
days at 0° ± 5° C. 

Routine periodic analysis of chemical/vehicle 
mixtures at the study laboratory was performed 
by either a gravimetric or viscosity deter­
mination procedure (Appendix J). Because 
185/196 of the mixes were formulated within the 
specified ± 10% of the target concentrations 
during the 2-year studies, the data can be ex­
trapolated to indicate that 94% of the mixes 
were formulated within specifications (Table 3; 
Appendix K, Table K2). 

TABLE 2. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF 
CHLORINATED PARAFFINS(C23, 43% Cl) 

Single-
Administration Sixteen-Day Thirteen·Week Two-Year 

Studies Studies Studies Studies 

Preparation Accurately weighed 
aliquots of 
chlorinated paraffins 
(Czs, 43% Cl) were 
added to corn oil in 
serum bottle. Bottle 
was placed on 
preheated magnetic 
stirring hot plate and 
heated to 37° C. 
Dose mixtures were 
stirred constantly 
during dosing 
period. 

Maximum N/A 
Storage Time 

Storage N/A 
Conditions 

Chemical was pro­
tected from light 
during all procedures. 
After chemical was 
warmed to room 
temperature, it 
was measured 
into serum bottle 
followed by corn 
oil and then stirred on a 
magnetic stirrer 
until the mixture was 
visually homogenous. 

8d 

Room temperature in 
the dark 

Same as 16-d 
studies, except 
mixture was shaken 
manually for 1 min 
before being mixed 
on magnetic 
stirrer 

7d 

Room temperature 
in the dark 

Protected from light 
during all procedures. 
Chlorinated paraffins 
<C 23 , 43% Cl) was allowed 
to come to room 
temperature and then 
weighed into a beaker; 
corn oil was added by volume 
and mixed on a 
magnetic stirrer. 
After 6/8/81, both 
chlorinated paraffins 
(Czs, 43% Cl) and corn 
oil were weighed into a 
beaker, then either 
mixed with high-speed 
stirrer to produce 
visual homogeneity or 
stirred on a magnetic 
stirrer, and then blended by a 
Polytron for 5 min. 

7 d untill0/80, then 14 d 
to end of studies 

Room temperature in the 
dark; amber serum bottle 
containing stirring bar 
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TABLE 3. SUMMARY OF RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF CHLORINATED PARAFFINS (C2a, 43% Cl) 

Determined Concentration for Target Concentration (percent weight/volume) 

2 6 18 25 37.5 50 75 


Mean (percent) 
Standard deviation 

2.1 
0.36 

6.1 
0.62 

18.0 
0.83 

25.0 
1.04 

37.6 
1.84 

49.3 
2.37 

73.8 
5.85 

Coefficent of variation 
(percent) 

Range (percent) 
Number of samples 

17.1 
1.6-3.7 

29 

10.2 
5.4-7.9 

28 

4.6 
16.4-19.8 

29 

4.2 
23.2·27.8 

27 

4.9 
34.2-41.2 

28 

4.8 
46.1-54.8 

27 

7.9 
49.2-80.7 

28 
Number of samples 

greater than ± 10% 
of target concentration 4 4 0 2 0 0 

SINGLE-ADMINISTRATION STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Harlan Industries and ob­
served for 20 days before the studies began. The 
animals were 8-9 weeks old when placed on 
study. 

Groups of five rats of each sex were administered 
a single dose of 702, 1,404, 2,925, 5,850, or 
11,700 mg/kg chlorinated paraffins (C23, 43% 
chlorine) in corn oil by gavage. Groups of five 
mice of each sex were administered 1 ,404, 2,808, 
5,850, or 11,700 mg/kg in corn oil or 23,400 
mglkg as the neat chemical. Rats were fasted 
overnight, and mice were fasted 4 hours before 
dosing. Animals were observed twice per day for 
14 days. Details of animal maintenance are pre­
sented in Table 4. 

SIXTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3Fl mice 
were obtained from Charles River Breeding Lab­
oratories and held for 12 days before the studies 
began. The animals were 6-7 weeks old when 
placed on study. 

Groups of five rats of each sex were administered 
0, 235, 469, 938, 1,875, or 3,750 mg/kg chlori­
nated paraffins CC23, 43% chlorine) in corn oil by 
gavage for 5 days per week over a 16-day period 
(dosed on 12 days). Groups of mice of each sex 
were administered 0, 469, 938, 1,875, 3,750, or 
7,500 mg/kg on the same schedule. 

Animals were housed five per cage. Water and 
feed were freely available. The rats and mice 
were observed twice daily and were weighed 
once per week. A necropsy was performed on all 
animals. Tissues were not examined micro­
scopically. Details of animal maintenance are 
presented in Table 4. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to eval­
uate the cumulative toxic effects of repeated ad­
ministration of chlorinated paraffins CC23, 43% 
chlorine) and to determine the doses to be used 
in the 2-year studies. 

Groups of 10 rats of each sex were administered 
0, 235, 469, 938, 1,875, or 3,750 mg/kg chlori­
nated paraffins (C23, 43% chlorine) in corn oil by 
gavage, 5 days per week for 13 weeks. Groups of 
10 mice of each sex were administered 0, 469, 
938, 1,875, 3,750, or 7,500 mg/kg on the same 
schedule. Rats and mice were housed five per 
cage in polycarbonate cages. Feed and water 
were available ad libitum. Further experi­
mental details are summarized in Table 4. 

Animals were checked twice daily; moribund 
animals were killed. Individual animal weights 
and clinical signs were recorded weekly. 

At the end of the 13-week studies, survivors 
were killed. A necropsy was performed on all 
animals except those excessively autolyzed or 
cannibalized. Tissues and groups examined are 
listed in Table 4. 
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
CHLORINATED PARAFFINS (C2a, 43% Cl) 

Single· 
Administration Sixteen-Day Thirteen-Week Two-Year 

Studies Studies Studies Studies 

EXPERIMENTAL DESIGN 

Study Southern Research 
Laboratory Institute 

Size of Study 5 malesand5 
Groups females of each 

species 

Doses 	 Rats--702, 1,404, 
2,925, 5,850, or 
11,700 mg/kg 
chlorinated paraffins 
<C2a. 43% CD in 
corn oil by gavage; 
dose vol: 10 ml!kg; 
mice--1,404, 2,808, 
5,850, or 11,700 mg/kg 
in corn oil by gavage; 
dose vol: 20 ml!kg, or 
23,400 mg/kg (neat) 
chlorinated paraffins 
<C23, 43% Cll 

Date of First Dose 	 6/5179 

Date of Last Dose 	 NIA 

Duration of One time only 
Dosing 

Type and Observed 2 X d; 
of Observation weighed before dosing 

Necropsy and Necropsy not 
Histologic performed 
Examination 

Same as single- Same as single- Same as single-
administration studies administration studies administration studies 

Same as single­ 10 males and 10 50 males and 50 females 
administration females ofeach ofeach species; 20 rats 
studies species of each sex added to 

dosed rat groups for 
concurrent 6- and 12­
month studies 

Rats--0, 235, 469, Same as 16-d Male rats--0, 1,875, or 
938, 1 ,875, or 3,750 studies 3,750 mg/kg chlorinated 
mg/kg chlorinated dose vol: 5 ml!kg paraffins <C23 , 43% CD 
paraffins (C23 , 43% Cl) in corn oil by gavage; 
in corn oil by female rats--0, 100,300, 
gavage; dose vol: 5 or 900 mg/kg chlorinated 
ml!kg; mice--0, 469, paraffins (C23 , 43% Cl) 
938, 1,875, 3,750, or in corn oil by gavage <5 
7,500 mg/kg chlorinated female rats in the 300 mg/kg 
paraffins (C23 , 43% Cl) group were dosed with 1,875 
in corn oil by gavage; mg/kg on 10/20/81>; 
dose vol: 10 ml!kg dose vol: 5 ml!kg; 

mice--0, 2,500, or 5,000 
mg/kg chlorinated 
paraffins (C23 , 43% Cl) in 
corn oil by gavage; dose 
vol: 10 ml!kg 

8/12179 10/24/79 Rats--817/80; mice--9/12/80 

8/27179 1122/80 Rats--7/30/82; mice--9/2/82 

Administered on 12 d 5 d/wk for 13 wk 5 d/wk for 103 wk 
over a 16-d period 

Observed 2 X d; Weighed 1 X wk; Observed 2 X d; weighed 
weighed on d 1, 9, observed 2 X d initially, 1 X wk for 13 wk, 
and 16 then monthly. Clinical 

signs recorded at time of 
weighing. Palpated at 
weighing starting at wk 41 

Necropsy performed Necropsy performed Necropsy performed 
on all animals; on all animals; on all animals; the 
tissues were not histologic exam following tissues 
examined performed on the examined histo­
histologically following tissues of logically: gross 

high dose and lesions and tissue 
vehicle control masses, mandibular 
groups and on and mesenteric 
all animals dying lymph nodes, salivary 
before the end of the gland, femur, including 
studies: skin, marrow, thyroid gland, 
mandibular lymph parathyroids, small 
node, mammary gland, intestine, cecum, colon, 
salivary gland, thigh liver, gallbladder (mice), 
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
CHLORINATED PARAFFINS (C23 , 43% Cl) (Continued) 

Single­
Administration Sixteen-Day Thirteen-Week Two-Year 

Studies Studies Studies Studies 

Necropsy and 
Histologic Exam 
(Continued) 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 	 F344/N rats; F344/N rats; 
B6C3F1 mice B6C3F1 mice 

Animal Source 	 Harlan Industries Charles River Breed­
(Indianapolis, IN) ing Laboratories 

Time Held Before 
Study 20d 12 d 

Age When Placed 8wk Rats..6 wk; mice .. 7 wk 
on Study 

Age When Killed 	 10wk Rats .. S wk; mice ..9 wk 

muscle, femur 
including marrow, 
thymus, lungs and 
bronchi, heart, 
thyroid gland, 
parathyroids, 
esophagus, stomach, 
small intestine, 
colon, mesenteric 
lymph node, liver, 
pancreas, spleen, 
kidneys, adrenal 
glands, urinary 
bladder, seminal 
vesicles/prostatel 
testis or ovaries/ 
uterus, brain, 
pituitary gland, 
gallbladder (mice). 
Livers also 
examined in all 
dosed female rats; 
spleens examined 
in the 938 mg/kg 
and 1,875 mg/kg 
female groups. 

F344/N rats; 
B6C3F1 mice 

Charles River Breed­
ing Laboratories 
(Portage, MI) 

15 d 

8wk 

21 wk 

prostate/testis/ 
epididymis or ovaries/ 
uterus, lungs and 
mainstem bronchi, nasal 
cavity and turbinates, 
heart, esophagus, 
stomach, brain, thymus, 
trachea, pancreas, 
spleen, kidneys, adrenal 
glands, urinary bladder, 
skin, preputial or clitoral 
gland (rats). Ten rats per 
group killed at 6 or 12 mo 
for the following 
procedures: gross 
necropsy, histologic 
examination of tissues 
indicated above; spleen, 
liver, thymus, adrenal 
gland, brain, kidney, 
and heart weights; 
hematologic and 
clinical chemistry 
procedures: hematocrit, 
hemoglobin, red blood cell 
count, white blood cell 
count, differential count, 
total serum protein, 
serum albumin, serum 
globulin, serum 
albumin/globulin 
ratio, serum sorbitol 
dehydrogenase, 
serum alanine 
aminotransferase, and 
serum aspartate 
aminotransferase. 

F344/N rats; 
B6C3F1 mice 

Rats .. Charles River 
Breeding Laboratories 
(Kingston, NY); 
mice..Charles River 
Breeding Laboratories 
(Portage, Ml) 

Rats--2 wk; mice ..awk 

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

Rats..111-112 wk; 
mice..113-114 wk 
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
CHLORINATED PARAFFINS (C23, 43% CI) (Continued) 

Single-

Administration 


Studies 


Necropsy or Kill 6/20179 
Dates 

Method of Animal 	 Animals grouped 
Distribution 	 based on weight 

intervals. Assigned 
to cages by one table 
of random numbers, 
then to groups by 
another table 

Animal Ear punch 
Identification 

Feed 	 Wayne Lab Blox* 
pellets (Allied 
Mills, Chicago, IL); 
available ad libitum 

Bedding 	 Beta Chips1Lheat­
treated hardwood 
chips (Northeastern 
Products Corp., 
Warrensburg, NY) 

Water 	 Automatic watering 
system (Edstrom 
Industries, 
Waterford, WI); 
available ad libitum 

Cages 	 Polycarbonate 
(Lab Products, Inc., 
Garfield, NJ) 

Cage I<'ilters 	 Reemay spun-bonded 
polyester filters 
(Snow Filtration, 
Cincinnati, OH) 

Animals per Cage 	 5 

Other Chemicals None 
on Study in the 
Same Room 

Animal Room Temp--22" ± 1" C; 
Environment humidity--30%-50%; 

fluorescent light 12 hid; 
15 room air changeslh 

Sixteen-Day 
Studies 

8/28179-8/31179 

Same as single-
administration studies 

Ear punch 

Same as single-
administration studies 

Same as single-
administration studies 

Same as single-
administration studies 

Same as single-
administration studies 

Same as single-
administration studies 

5 

None 

Same as single-
administration studies 

Thirteen-Week 
Studies 

Rats--1122/80-1128/80; 
mice--1/22/80-1/30/80 

Same as single-
administration studies 

Ear punch 

NIH 07 Rat and Mouse 
Ration (Zeigler Bros., 
Gardners, PAl; 
available ad libitum 

Same as single-
administration studies 

Same as single-
administration studies 

Same as single-
administration studies 

Same as single-
administration studies 

5 

None 

Temp--23" ± 1" C; 
humidity--43%-50%; 
fluorescent light 12 hid; 
15 room air changeslh 

Two-Year 

Studies 


Rats--8/9/82-8/13/82; 
mice--9/10/82-9/15/82 

Same as single-
administration studies 

Ear punch 

Same as 13-wk studies 

Same as single-
administration studies 

Same as single-
administration studies 

Same as single-
administration studies 

Same as single-
administration studies 

5 

None 

Temp--23" ± 1" C; 
humidity--43%-60%; 
fluorescent light 12 hid; 
15 room air changeslh 
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II. MATERIALS AND METHODS 


SIX-MONTH, TWELVE-MONTH, AND 
TWO-YEAR STUDIES 

Study Design 

Groups of 50 male rats were administered 0, 
1,875, or 3,750 mg/kg chlorinated paraffins (C2a. 
43% chlorine) in corn oil by gavage, 5 days per 
week for 103 weeks. Groups of 50 female rats 
were administered 0, 100, 300, or 900 mg/kg, 
and groups of 50 mice of each sex were ad­
ministered 0, 2,500, or 5,000 mg/kg on the same 
schedule. Additional groups of 20 male and 20 
female rats were added to each group for con­
current 6-month and 12-month studies. For the 
6- and 12-month studies, blood was collected 
from the posterior vena cava of chloroform-anes­
thetized animals just before necropsy. The 
spleen, liver, thymus, adrenal glands, brain, kid­
neys, and heart were removed and weighed. 
Hematologic evaluations at 6 and 12 months in­
cluded hematocrit, hemoglobin, erythrocyte 
count, leukocyte count, and differential count 
(Appendix M). Serum enzyme analyses included 
sorbitol dehydrogenase (SDH), aspartate amino­
transferase (ASAT), and alanine aminotrans­
ferase (ALAT). 

The 2-year studies in mice were started with 
doses of 3,750 and 7,500 mg/kg delivered by 
gavage via an 18-gauge needle. After 3 weeks of 
dosing, gavage-related accidents had killed 13 
vehicle control, 10 low dose, and 14 high dose 
mice. For this reason, the studies in mice were 
restarted, and the dose was reduced to 2,500 and 
5,000 mg/kg. The reduction in dose allowed 
delivery of the viscous chlorinated paraffins 
(C2a. 43% chlorine) corn oil mixture through a 
20-gauge needle rather than the 18-gauge 
needle that had been used, a procedure that es­
sentially eliminated dosing accidents. 

Source and Specifications of Animals 

The male and female F344/N rats and B6C3Ft 
(C57BL/6N, female, X C3H/HeN MTV-, male) 
mice used in this study were produced under 
strict barrier conditions at Charles River Breed­
ing Laboratories (Kingston, New York, for rats 
and Portage, Michigan, for mice) under a con­
tract to the Carcinogenesis Program. Breeding 
stock for the foundation colonies at the produc­
tion facility originated at the National Institutes 

Chlorinated Paraffins (Cza, 43% Cl) 

of Health Repository. Animals shipped for study 
were progeny of defined microflora-associated 
parents that were transferred from isolators to 
barrier-maintained rooms. Rats were shipped to 
the study laboratory at 4-5 weeks of age and 
mice at 5-6 weeks of age. The animals were 
quarantined at the study facility for 2 weeks 
(rats) or 3 weeks (mice). Thereafter, a complete 
necropsy was performed on five animals of each 
sex and species to assess their health status. 
The rats were placed on study at 6-7 weeks of 
age and the mice at 8-9 weeks of age. The health 
of the animals was monitored during the course 
of the study according to the protocols of the NTP 
Sentinel Animal Program (Appendix L), except 
that female sentinel F344/N rats were from 
Harlan Industries rather than from Charles 
River Breeding Laboratories. 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the 
genetic integrity of the inbred mice used to pro­
duce the hybrid B6C3Ft test animal. In mid­
1981, data were obtained that showed incom­
patibility between the NIH C3H reference colo­
ny and the C3H colony from a Program supplier. 
In August 1981, inbred parental lines of mice 
were further tested for genetic integrity via iso­
zyme and protein electrophoresis profiles that 
demonstrate phenotype expressions of known 
genetic loci. 

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

Male mice from the C3H colony and female mice 
from the C57BL/6 colony were used as parents 
for the hybrid B6C3Ft mice used in these stud­
ies. The influence of the potential genetic non­
uniformity in the hybrid mice on these results is 
not known, but results of the studies are not 
affected because concurrent controls were in­
cluded in each study. 

Animal Maintenance 

Rats and mice were housed five per cage. Water 
and feed were available ad libitum. Further 
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details of animal maintenance are given in 
Table 4. 

Clinical Examinations and Pathology 

All animals were observed twice daily, and clini­
cal signs were recorded at each weighing. Body 
weights by cage were recorded once per week for 
the first 13 weeks of the study and once per 
month thereafter. Mean body weights were cal­
culated for each group. Moribund animals were 
killed, as were animals that survived to the end 
of the study. A necropsy was performed on all 
animals, including those found dead unless they 
were excessively autolyzed or cannibalized. 
Thus, the number of animals from which par­
ticular organs or tissues were examined micro­
scopically varies and is not necessarily equal to 
the number of animals that were placed on study 
in each group. 

Examinations for grossly visible lesions were 
performed on major tissues or organs. Tissues 
were preserved in 10% neutral buffered for­
malin, embedded in paraffin, sectioned, and 
stained with hematoxylin and eosin. Tissues ex­
amined microscopically are listed in Table 4. 

When the pathology examination was com­
pleted, the slides, individual animal data 
records, and summary tables were sent to an in­
dependent quality assurance laboratory. In­
dividual animal records and tables were com­
pared for accuracy, slides and tissue counts were 
verified, and histotechnique was evaluated. All 
tumor diagnoses, all target tissues, and all tis­
sues from a randomly selected 10% of the ani­
mals were evaluated by a quality assurance 
pathologist. Slides of all target tissues and those 
about which the original and quality assurance 
pathologists disagreed were submitted to the 
Chairperson of the Pathology Working Group 
(PWG) for evaluation. Representative coded 
slides selected by the Chairperson were re­
viewed by PWG pathologists, who reached a 
consensus and compared their findings with the 
original and quality assurance diagnoses. When 
diagnostic differences were found, the PWG sent 
the appropriate slides and comments to the 
original pathologist for review. This procedure 
has been described, in part, by Maronpot and 

Boorman (1982) and Boorman et al. (1985). The 
final diagnoses represent a consensus of con­
tractor pathologists and the NTP Pathology 
Working Group. For subsequent evaluations, 
the diagnosed lesions for each tissue type are 
combined according to the guidelines of 
McConnell et al. (1986). 

Nonneoplastic lesions are not examined rou­
tinely by the quality assurance pathologist or 
PWG. Certain nonneoplastic findings are re­
viewed by the quality assurance pathologist and 
PWG if they are considered part of the toxic 
response to a chemical or if they are deemed of 
special interest. 

Statistical Methods 

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

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

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

Analysis of Tumor Incidence: Three statistical 
methods are used to analyze tumor incidence 
data. The two that adjust for intercurrent mor­
tality employ the classical method for combining 
contingency tables developed by Mantel and 
Haenszel (1959). Tests of significance include 
pairwise comparisons of high dose and low dose 
groups with vehicle controls and tests for overall 
dose-response trends. 

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

Life Table Analyses--The first method of analy­
sis assumed that all tumors of a given type ob­
served in animals dying before the end of the 
study were "fatal"; i.e., they either directly or in­
directly caused the death of the animal. Accord­
ing to this approach, the proportions of tumor­
bearing animals in the dosed and vehicle control 
groups were compared at each point in time at 
which an animal died with a tumor of interest. 
The denominators of these proportions were the 
total number of animals at risk in each group. 
These results, including the data from animals 
killed at the end of the study, were then com­
bined by the Mantel-Haenszel method to obtain 
an overall P value. This method of adjusting for 
intercurrent mortality is the life table method of 
Cox (1972) and of Tarone (1975). The underly­
ing variable considered by this analysis is time 
to death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

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

type observed in animals that died before the 
end of the study were "incidental"; i.e., they 
were merely observed at necropsy in animals dy­
ing of an unrelated cause. According to this ap­
proach, the proportions of tumor-bearing ani­
mals in dosed and control groups were compared 
in each of five time intervals: weeks 0-52, weeks 
53-78, weeks 79-92, week 93 to the week before 
the terminal-kill period, and the terminal-kill 
period. The denominators of these proportions 
were the number of animals actually examined 
for tumors during the time interval. The in­
dividual time interval comparisons were then 
combined by the previously described method to 
obtain a single overall result. (See Haseman, 
1984, for the computational details of both 
methods.) 

U nadj us ted Analyses--Primarily, survival-ad­
justed methods are used to evaluate tumor in­
cidence. In addition, the results of the Fisher 
exact test for pairwise comparisons and the 
Cochran-Armitage linear trend test (Armitage, 
1971; Gart et al., 1979) are given in the appendix 
containing the analyses of primary tumor inci­
dence. These two tests are based on the overall 
proportion of tumor-bearing animals and do not 
adjust for survival differences. 

Historical Control Data: Although the concur­
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overall assess­
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con­
trol data base (Haseman et al., 1984) are in­
cluded for those tumors appearing to show com­
pound-related effects. 

Quantitative Response Analyses: For compari­
sons of many (quantitative) means with the con­
current vehicle control mean, a technique 
discussed by Dunnett (1955) is utilized. The pro­
cedure is similar to the comparison between two 
means available with the usual t-test (Snedecor 
and Cochran, 1967) but is more appropriate for 
multiple comparisons with a control, since it 
takes the specialized experimental setting into 
account. For a complete description of this pro­
cedure, see Miller (1971). 
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SINGLE-ADMINISTRATION STUDIES 

None of the rats died before the end of the 
studies. Final body weights were not recorded. 
No compound-related toxic effects were observed 
during the studies or at necropsy. A high dose of 
3,750 mg/kg was chosen for the 16-day studies 
because it was believed that any higher dose was 
too viscous to be given repeatedly by gavage 
without causing a large number of deaths 
related to the gavage procedure. 

SIXTEEN-DAY STUDIES 

None of the rats died before the end of the 
studies (Table 5). No adverse effect of chlori­
nated paraffins (C23, 43% chlorine) on body 
weights was observed. No compound-related 
clinical signs or gross pathologic effects were ob­
served. Therefore, the high dose of 3,750 mg/kg 
was used again in the 13-week studies for rats of 
each sex. 

TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SIXTEEN-DAY GAVAGE 

STUDIES OF CHLORINATED PARAFFINS (C23,43%Cl) 


Mean Bodl:: Weights (grams) Final Weight Relative 
Dose 

(mg/kg) 
Survival (a) Initial (b) Final Change(c) to Vehicle Controls 

(percent) 

MALE 

0 5/5 
235 5/5 
469 5/5 
938 5/5 

1,875 5/5 
3,750 5/5 

FEMALE 

0 5/5 
235 5/5 
469 5/5 
938 5/5 

1,875 5/5 
3,750 5/5 

116±2 
116±2 
116±2 
117±2 
115±1 
114±1 

89 ± 1 
89 ± 1 
92 ± 2 
94 ± 2 
92 ± 2 
91 ± 2 

186 ± 3 
190 ± 5 
191 ± 4 
192 ± 5 
190 ± 1 
188 ± 3 

123 ± 1 
126 ± 1 
132 ± 2 
131 ± 2 
125 ± 3 
128 ± 3 

+70 ± 2 
+ 74 ± 3 
+75 ± 2 
+75 ± 4 
+ 75 ± 0 
+ 74 ± 2 

+ 34 ± 2 
+ 37 ± 1 
+ 40 ± 1 
+ 37 ± 1 
+ 33 ± 2 
+ 37 ± 2 

102 
103 
103 
102 
101 

102 
107 
107 
102 
104 

(a) Number surviving/number in group 
(b) Initial mean body weight± standard error of the mean 
(c) Mean body weight change of the group± standard error of the mean 
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THIRTEEN-WEEK STUDIES 

None of the rats died before the end of the stud­
ies (Table 6). The final mean body weights of 
male and female rats were not adversely affected 
by chlorinated paraffins (C23, 43% chlorine). No 
compound-related clinical signs were observed 
during the study, and no gross lesions were ob­
served at necropsy. 

Histologic examination revealed dose-related 
granulomatous inflammation of the liver in all 
groups of dosed female rats (Table 7). Lesions 
were characterized by multiple, randomly 

distributed accumulations of histiocytes within 
the liver sinusoids, which usually compressed 
the adjacent liver parenchyma. The smaller le­
sions were usually nodular, whereas the larger, 
more extensive accumulations appeared to re­
sult from the coalescence of adjacent smaller 
nodules. Lymphoid cells were present in the 
center of some histiocytic foci but were most 
commonly seen at the periphery of the histio­
cytic accumulations. Large epithelioid cells 
were present near the center of some nodules. 
Numerous lesions contained a small number of 
hyaline acidophilic cells. Granulomatous in­
flammation was not observed in the male rats. 

TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN·WEEK 
GAVAGE STUDIES OF CHLORINATED PARAFFINS (C23, 43% Cl) 

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

(mg/kg) (percent) 

MALE 

0 10/10 119± 2 360 ± 7 +241 ± 6 

235 10/10 123 ± 4 357 ± 8 +234± 6 99 

469 10/10 118± 2 362 ± 7 +244±7 101 

938 10/10 119± 3 354 ± 9 +235± 9 98 


1,875 10/10 117± 3 359 ± 6 +242± 5 100 

3,750 10/10 125 ± 3 371 ± 6 +246± 6 103 


FEMALE 

0 10/10 102 ± 1 205 ± 2 + 103 ± 3 

235 10/10 114± 2 205 ± 2 + 91 ± 2 100 

469 10/10 115± 2 214 ± 4 + 99 ± 3 104 

938 10/10 115± 2 212 ± 4 +97 ± 3 103 


1,875 10/10 114± 2 218 ± 5 + 104± 4 106 

3,750 10/10 114± 2 215 ± 5 +101±3 105 


(a) Number surviving/number in group 
(b) Initial mean body weight ± standard error of the mean 
(c) Mean weight change of the group ± standard error of the mean 

TABLE 7. INCIDENCES OF GRANULOMATOUS INFLAMMATION IN THE LIVER OF FEMALE 
RATS IN THE THIRTEEN·WEEK GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43%Cl) 

Dose (mg/kg) 
0 235 469 938 1,875 3,750 

Incidence 0/10 1/10 4/10 9/10 8/10 9/10 
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Dose Selection Rationale: Because the granulo­
matous inflammation was considered to be po­
tentially life threatening, doses selected for fe­
male rats in the 2-year studies were 100, 300, 
and 900 mg/kg chlorinated paraffins (C23, 43% 
chlorine) to be administered in corn oil, 5 days 
per week for 103 weeks. Three doses were se­
lected for female rats because of concern that 
toxic effects in the liver might affect survival at 
900 mg/kg in the 2-year study. Since no toxicity 
was noted in male rats in the 13-week studies, 
the two highest doses, 1,875 and 3,750 mg/kg, 
were selected for the 2-year studies. 

SIX- AND TWELVE-MONTH STUDIES 

All designated animals survived to the sched­
uled 6-month kill, but three of the male rats (one 
high dose and two vehicle controls) predesig­
nated to be killed at 12 months died early 
because of gavage accidents. Body weights of 
dosed animals did not differ from their respec­
tive controls at 6 or 12 months (data not shown). 

Relative liver weights were increased in dosed 

male rats at 12 months and in dosed female rats 
at 6 and 12 months (Table 8). Except for male 
rats at 6 months, liver weights exhibited a dose­
related increase at both time points. No change 
in relative kidney, adrenal gland, thymus, 
brain, or spleen weight was found at either 6 or 
12 months in dosed male or female rats. 

Progressive increases in the severity of granulo­
matous and lymphohistiocytic hepatitis were ob­
served in both male and female rats dosed with 
chlorinated paraffins (C23, 43% chlorine) (Ta­
ble 9). The severity of the liver inflammation in 
females that received 900 mg/kg was subjec­
tively greater than that in males that received 
3,750 mg/kg, and the lesion appeared to be simi­
lar to that seen in the females in the 13-week 
study. Pancreatic and renal-celiac lymph nodes 
of female rats had granulomatous inflammatory 
lesions similar to those in the liver. The hepatic 
and lymphoid lesions were not neoplastic and 
did not appear to be preneoplastic. No other le­
sions appeared to be related to chlorinated paraf­
fins (C23, 43% chlorine) exposure. No compound­
related clinical signs were observed. 

TABLE 8. EFFECT OF CHLORINATED PARAFFINS (C2a,43% Cl) ON LIVER WEIGHT TO 
BODY WEIGHT RATIOS IN RATS AFTER SIX AND TWELVE MONTHS OF DOSING 

Group Mean of Relative Liver Weights (a) 
Dose Group Six Month Twelve Month 

MALE 

Vehicle control 
1,875 mg/kg
3,750 mg/kg 

FEMALE 

Vehicle control 
100 mg!kg
300mg!kg
900 mg!kg 

36.9 ± 4.1 
36.4 ± 2.2 
37.0 ± 2.1 

32.0 ± 3.4 
32.4 ± 2.8 
37.6 ± 8.2 

(b) 45.0 ±12.1 

32.1 ± 5.6 
36.2 ± 6.3 

(b) 41.0 ± 2.4 

32.9 ± 4.2 
36.7 ± 6.6 

(c) 41.0 ± 8.3 
(b) 52.0 ± 8.1 

(a) Values are the mean X 103 ±standard deviation X 103 of those values obtained from analyses 
performed on 10 animals, except for the 12-month male vehicle control (n ==8) and 3,750 mg!kg (n =9) groups.
One value of 560 was deleted from the 6-month male 1,875 mg!kg group, son= 9 for that group. 
(b) P<0.01 versus the vehicle controls by Dunnett's test 
(c) P<0.05 versus the vehicle controls by Dunnett's test 
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TABLE 9. EFFECT OF CHLORINATED PARAFFINS (C23, 43% Cl) ON THE INCIDENCE AND SEVERITY 

OF GRANULOMATOUS AND LYMPHOHISTIOCYTIC HEPATITIS IN RATS AFTER 


SIX AND TWELVE MONTHS OF DOSING 


Six Month Twelve Month 

Dose Group Incidence Mean Severity (a) Incidence Mean Severity (a) 


MALE 

Vehicle control 
1,875 mg/kg 
3,750 mg/kg 

FEMALE 

Vehicle control 
100 mg/kg 
300mglkg 
900 mg/kg 

0/10 
6/10 
7/10 

0/10 
2/10 
9/10 

10/10 

0.6 
0.9 

0.2 
1.9 
2.8 

0/8 
10/10 

9/9 

0/10 
10/10 
10/10 
10/10 

1.9 
2.4 

2.1 
3.5 
3.9 

(a) The mean severity values were calculated by dividing the total of the severity scores for all animals in a group by the 
number ofanimals in that group; n = 10 except for the 12-month male vehicle control (n =8) and the 3,750 mg/kg (n =9) 
groups. The degree of severity: 1 =minimal; 2 =mild; 3 =moderate; 4 =marked; 5 =severe. 

Activities of several serum enzymes were 
slightly elevated at both 6 and 12 months in 
dosed males and females (Tables 10 and 11). Se­
rum albumin concentrations were decreased in 
high dose male rats and in mid dose and high 
dose female rats, and serum globulin levels were 
increased in mid dose and high dose female rats 
relative to vehicle controls. The albumin:globu­
lin ratio was significantly lower in high dose 
males and in all groups of dosed females than in 
vehicle controls. Increases in serum sorbitol de­
hydrogenase and alanine aminotransferase ac­
tivities are indicative of liver cell injury, and 

serum aspartate aminotransferase activity is a 
less specific indication of injury to a number of 
tissues, including heart, liver, muscle, kidney, 
and brain (Boyd, 1983). Decreases in serum 
total protein, and especially albumin, indicate 
impaired liver function, since most serum pro­
teins are synthesized in the liver. However, cer­
tain globulins are often found increased in in­
flammatory or other disease states (Harper, 
1975). Thus, the albumin: globulin ratio is a use­
ful index for detecting the type of hepatic lesions 
observed in the short-term studies. 
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TABLE 10. CLINICAL CHEMISTRY VALUES FOR RATS DOSED WITH CHLORINATED PARAFFINS 
(C23, 43% Cl) FOR SIX MONTHS (a) 

MALE 	 Vehicle Control 1,875mg/kg 3,750mg!kg 

Sorbitol 
dehydrogenase (U/liter) 29 ± 9 (b)51 ± 20 (b)70 ± 14 

Aspartate 
aminotransferase (U/liter) 56 ± 10 (b) 148 ± 59 (b) 207 ± 63 

Alanine 
aminotransferase (U/liter) 28 ± 6 (b)65 ± 24 (b) 100 ± 24 

Total protein (g/dl) 6.2 ±0.3 6.2 ±0.4 6.0 ± 0.3 
Albumin (g/dl) 3.9 ±0.1 3.8 ±0.2 (b) 3.6 ± 0.2 
Globulin (g/dl) 2.3 ± 0.2 2.4 ± 0.4 2.4 ± 0.2 
Albumin:globulin ratio 1.7 ± 0.1 1.7 ± 0.3 (c) 1.5 ± 0.1 

FEMALE Vehicle Control 100mg!kg 300 mg/kg 900 mg/kg 

Sorbitol 
dehydrogenase (U!liter) 27 ± 7 26 ± 13 71 ± 52 (b) 111 ± 66 

Aspartate 
aminotransferase (U/liter) 50 ± 11 51 ± 17 126 ± 107 (b)200 ± 128 

Alanine 
aminotransferase (U/liter) 19 ± 3 22 ± 7 (b)44 ± 14 (bl63 ± 22 

Total protein (g/dl) 6.4 ± 0.3 6.4 ± 0.3 6.3 ± 0.4 6.4 ± 0.4 
Albumin (g/dl) 4.3 ± 0.2 4.2 ± 0.2 (b) 3.9 ± 0.3 (b)3.8 ± 0.3 
Globulin (g/dl) 2.0 ± 0.2 2.2 ± 0.1 (b)2.4 ± 0.2 (b)2.5 ± 0.2 
Albumin:globulin ratio 2.1 ± 0.2 (c) 1.9 ± 0.1 (b) 1.7 ± 0.2 (b) 1.5 ± 0.2 

(a) All analyses were performed on serum; values are the mean± standard deviation of10 animals; P values are by 
Dunnett's test relative to the vehicle controls. 
(b) P<0.01 relative to vehicle controls 
(c) P<0.05relative to vehicle controls 

TABLE 11. CLINICAL CHEMISTRY VALUES FOR RATS DOSED WITH CHLORINATED PARAFFINS 
(C23, 43% Cl) FOR TWELVE MONTHS (a) 

MALE 

Sorbitol 
dehydrogenase (U/liter) 

Aspartate 
aminotransferase (U/liter) 

Alanine 
aminotransferase (U!liter) 

Total protein (g/dl) 
Albumin(g/dl) 
Globulin(g/dl) 
Albumin:globulin ratio 

FEMALE 

Sorbitol 
dehydrogenase (U/liter) 

Aspartate 
aminotransferase (U/liter) 

Alanine 
aminotransferase (U/liter) 

Total protein(g/dl) 
Albumin(g/d!) 
Globulin(g/d!) 
Albumin:globulin ratio 

Vehicle Control 

62 ± 40 

90 ± 49 

53 ± 35 
5.6 ±0.2 
3.5 ±0.2 
2.1 ± 0.2 
1.7 ± 0.2 

Vehicle Control 

42 ± 21 

107 ± 80 

36 ± 23 
6.9 ± 1.0 
4.6 ±0.5 
2.2 ±0.6 
2.2 ±0.5 

1,875 mg/kg 

(b) 124 ± 39 

(b)206 ± 	 71 

112 ± 45 
5.7 ± 0.3 
3.5 ±0.2 
2.2 ±0.3 
1.7 ± 0.4 

100mg/kg 

75 ± 52 

117 ± 64 

46 ± 17 
6.3 ±0.9 
4.2 ±0.5 
2.1 ±0.8 
2.4 ± 1.5 

3,750mg/kg 

(b) 155 ± 40 

(b)274 ± 34 

(b) 157 ± 73 
5.5 ±0.4 
3.5 ± 0.2 
2.0 ± 0.4 
1.8 ± 0.4 

300mg/kg 900mg/kg 

(c) 93 ± 45 (b) 116 ± 47 

(c) 142 ± 58 (b) 178 ± 98 

48 	 ± 14 (b) 59 ± 17 
6.3 ± 1.0 (c)6.0 ±0.7 

(b) 3.9 ± 0.4 (b)3.8 ±0.4 
2.4 ± 0.6 2.3 ±0.4 
1.7 ± 0.3 1.7 ±0.3 

(a) All analyses were performed on serum; values are the mean ± standard deviation of 8 vehicle control males, 9 high dose 
males, and 10 of all other groups; P values are by Dunnett's test relative to the vehicle controls. 
(b) P<0.01 relative to vehicle controls 
(c) P<0.05 relative to vehicle controls 
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III. RESULTS: RATS 


Packed cell volumes in high dose female rats at 
12 months and hemoglobin concentration in 
high dose females at six months were sig­
nificantly lower than those in the vehicle con­
trols. Leukocyte and lymphocyte counts in high 
dose females at 6 months and mid dose and high 

dose females at 12 months, neutrophil counts in 
mid dose and high dose females at 12 months, 
and lymphocyte counts in mid dose males were 
significantly greater than those of the vehicle 
controls (Tables 12 and 13). 

TABLE 12. MEAN HEMATOLOGIC VALUES FOR RATS DOSED WITH CHLORINATED PARAFFINS 
(C23, 43% Cl) FOR SIX MONTHS (a) 

MALE Vehicle Control 1,875 mg/kg 3,750mg/kg 

Red blood cells/mm3 
(X 10-6) 9.21 ± 0.46 8.71 ± 0.71 8.77 ± 0.22 

Hemoglobin (g/dl) 15.4 ± 0.84 14.60 ± 1.07 14.81 ± 0.72 
Hematocrit (percent) 44.20 ± 2.25 42.17 ± 3.49 42.90 ± 2.17 
Leukocytes/mm3 
(X 10-3) 8.78 ± 1.72 9.13 ± 4.57 8.80 ± 2.21 

N eutrophilslmm3 
(X 10·-3) 1.29 ± 0.30 1.21 ± 0.51 1.76 ± 1.08 

Lymphocyteslmm3 
(X 10-3) 7.32 ± 1.50 7.77 ± 4.03 6.96 ± 1.22 

Eosinophils/mm3 169 ± 93 150 ± 118 77 ± 170 

FEMALE Vehicle Control 100mg/kg 300mg/kg 900mg/kg 

Red blood cells/mm3 
(X 10-6) 7.78 ± 0.34 7.79 ± 0.28 7.52 ± 0.31 7.67 ± 0.29 

Hemoglobin (g/dl) 14.22 ± 0.39 14.06 ± 0.52 13.46 ± 0.79 (b) 13.08 ± 1.04 
Hematocrit (percent) 39.58 ± 1.28 39.75 ± 1.75 38.81 ± 2.98 38.33 ± 2.42 
Leukocyteslmm3 
(X 10-3) 4.92 ± 0.76 4.73 ± 0.34 9.29 ± 5.57 (C) 13.28 ± 5.71 

N eutrophilslmm3 
(X lQ-3) 1.06 ± 0.40 0.72 ± 0.23 1.48 ± 0.85 1.73 ± 0.72 

Lymphocytes/mm3 
(X 10-3) 3.79 ± 0.43 3.98 ± 0.21 7.77 ± 4.98 (c) 11.52 ± 5.25 

Eosinophils/mm3 58 ±53 30 ± 25 36 ± 42 36 ± 60 

(a) P values are by Dunnett's test relative to vehicle controls. Values are the mean ± standard deviation for 10 male vehicle 
control, 9 male low dose, and 10 male high dose rats; values are the mean ± standard deviation for 6 female vehicle control, 
8 female low dose, 8 female mid dose, and 6 female high dose rats. 
(b) P<0.05 relative to vehicle controls 
(c) P<0.01 relative to vehicle controls 
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TABLE 13. MEAN HEMATOLOGIC VALUES FOR RATS DOSED WITH CHLORINATED PARAFFINS 
(C23, 43% Cl) FOR TWELVE MONTHS (a) 

MALE Vehicle Control 1,875 mg/kg 3,750mg/kg 

Red blood cells/mm3 
(X lQ-6) 9.07 ± 0.66 8.99 ± 0.38 8.78 ± 0.52 

Hemoglobin (g/dl) 
Hematocrit (percent) 

16.0 ± 0.94 
41.4 ± 2.97 

15.6 ± 0.87 
42.4 ± 2.27 

14.9 ± 1.19 
38.7 ± 2.65 

Leukocytes/mm3 
(X 10-3) 6.43 ± 1.19 8.97 ± 3.04 9.03 ± 2.83 

Neutrophils/mm3 
(X 10-3) 1.52 ± 0.33 1.44 ± 0.69 1.51 ± 0.43 

Lymphocytes/mms 
(X 10-3) 

Eosinophils/mm3 
Monocytes 

4.62 ± 1.10 
77 ± 46 

215 ± 85 

(b) 7.33 ± 2.63 
61 ± 99 

137 ± 182 

7.17 ± 2.90 
42 ± 63 

284 ± 182 

FEMALE Vehicle Control 100mg/kg 300mg/kg 900mg/kg 

Red blood cells/mm3 
(X 10-6) 7.54 ± 0.93 7.82 ± 0.47 7.80 ± 0.83 8.16 ± 0.55 

Hemoglobin (g/dl) 
Hematocrit (percent) 

14.7 ± 1.51 
40.0 ± 3.27 

15.3 ± 1.57 
38.4 ± 2.17 

15.02 ± 1.20 
39.1 ± 2.88 

13.64 ± 0.98 
(b) 36.2 ± 3.08 

Leukocytes/mm3 
(X 10-3) 4.18 ± 1.65 5.91 ± 2.81 (c)10.41 ± 5.72 (c) 15.21 ± 5.26 

Neutrophils/mm3 
(X 10-3) 0.84 ± 0.35 1.17 ± 0.61 (b) 1.69 ± 0.81 (c) 2.09 ± 0.77 

Lymphocytes/mm3 
(X 10-3) 

Eosinophils/mm3 
Monocytes 

3.29 ± 1.38 
39 ± 42 
8 ± 17 

4.70 ± 2.33 
31 ± 36 
13 ± 22 

(c) 8.60 ± 5.04 
45 ± 76 
75 ± 150 

(c) 12.90 ± 5.02 
39 ± 67 

167 ± 193 

(a) Values are the mean± standard deviation for 8 male vehicle control, 10 low dose, and 9 high dose animals, except for 

leukocytes, neutrophils, lymphocytes, eosinophile, and monocytes, which are for 8 high dose animals. All female values 

represent 10 animals. 

(b) P<0.05 relative to the vehicle controls by Dunnett's test 
(c) P <0.01 relative to the vehicle controls by Dunnett's test 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs lower than those of the vehicle controls after 
week 69. After week 43, a number of low and 

Mean body weights of low and high dose male high dose male rats were observed to have a 
rats were comparable to those of the vehicle con­ brown stain around the mouth, which persisted 
trols throughout the 2-year study (Table 14 and until the end of the study. Dosed females 
Figure 1). Mean body weights of mid dose and showed a high incidence of distended abdomens 
high dose female rats were approximately 5% during the latter part of the study. 
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TABLE 14. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO·YEAR GAVAGE STUDIES 
OF CHLORINATED PARAFFINS (C23• 43% Cl) 

MALE 

Weeks 
on Study 

AvWt 
(grams) 

No. of 
Survivors 

AvWt 
(grams) 

Wt (percent No. of 
ofveh controls) Survivors 

AvWt 
(grams) 

Wt (percent No. of 
ofveh controls) Survivors 

Vehicle Control 1,875 mg/ki 3,750 mgJki 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
18 
23 
27 
31 
36 
41 
45 
49 
52 
56 
61 
65 
69 
74 
79 
83 
88 
92 
96 

101 
104 

104 
138 
176 
204 
229 
250 
265 
283 
297 
309 
320 
333 
341 
349 
385 
408 
430 
444 
452 
469 
477 
492 
497 
492 
503 
505 
507 
507 
506 
494 
490 
486 
475 
464 
457 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
48 
48 
46 
45 
41 
40 
37 
35 
32 

104 
142 
181 
212 
238 
259 
274 
291 
303 
316 
327 
339 
345 
353 
383 
410 
429 
445 
454 
467 
472 
483 
485 
481 
492 
493 
490 
492 
488 
484 
483 
470 
461 
451 
454 

100 
103 
103 
104 
104 
104 
103 
103 
102 
102 
102 
102 
101 
101 
99 

100 
100 
100 
100 
100 
99 
98 
98 
98 
98 
98 
97 
97 
96 
98 
99 
97 
97 
97 
99 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
48 
48 
47 
45 
43 
41 
33 
32 

105 
143 
176 
208 
234 
258 
273 
293 
305 
317 
328 
337 
346 
353 
384 
408 
427 
443 
451 
460 
466 
475 
473 
469 
484 
483 
482 
485 
486 
482 
474 
466 
461 
461 
453 

101 
104 
100 
102 
102 
103 
103 
104 
103 
103 
103 
101 
101 
101 
100 
100 
99 

100 
100 
98 
98 
97 
95 
95 
96 
96 
95 
96 
96 
98 
97 
96 
97 
99 
99 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
47 
46 
44 
40 
30 
27 

FEMALE 

Weeks 
on Study 

AvWt No.of 
(grams) Survi· 

vors 

Av Wt Wt (J!ercent
(grams) ofveh cont) 

No. of AvWt Wt.(~ercent No. of AvWt Wt(P-ercent
Survi· (grams) ofve cont) Survi· (grams) ofveh cont) 
vors vors 

No. of 
Survi· 
vors 

V!!hicle Control 100ml£ki 300ml£ki 900mi/kg 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
18 
23 
27 
31 
36 
41 
45 
49 
52 
56 
61 
65 
69 
74 
79 
83 
88 
92 
96 

101 
104 

93 
117 
133 
144 
154 
164 
170 
175 
182 
185 
190 
194 
198 
199 
211 
220 
227 
232 
234 
244 
254 
263 
267 
271 
282 
291 
300 
309 
313 
317 
316 
316 
320 
322 
326 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
48 
47 
46 
45 
44 
44 
41 
36 
34 

94 
118 
135 
147 
157 
166 
175 
180 
187 
188 
192 
194 
198 
201 
212 
222 
230 
231 
238 
245 
256 
264 
268 
272 
283 
289 
295 
302 
307 
313 
313 
318 
318 
323 
320 

101 
101 
102 
102 
102 
101 
103 
103 
103 
102 
101 
100 
100 
101 
100 
101 
101 
100 
102 
100 
101 
100 
100 
100 
100 
99 
98 
98 
98 
99 
99 

101 
99 

100 
98 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
48 
48 
46 
46 
44 
44 
40 
38 
35 
32 

95 
119 
133 
147 
157 
166 
174 
180 
185 
188 
194 
197 
201 
204 
214 
223 
228 
232 
237 
246 
254 
265 
269 
270 
278 
281 
288 
294 
300 
300 
303 
301 
301 
305 
303 

102 
102 
100 
102 
102 
101 
102 
103 
102 
102 
102 
102 
102 
103 
101 
101 
100 
100 
101 
101 
100 
101 
101 
100 
99 
97 
96 
95 
96 
95 
96 
95 
94 
95 
93 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
47 
47 
46 
45 
44 
38 
34 

95 
120 
137 
150 
160 
169 
176 
181 
187 
189 
195 
197 
203 
203 
214 
220 
226 
231 
236 
245 
252 
261 
265 
267 
272 
279 
283 
292 
296 
302 
300 
298 
299 
304 
305 

102 
103 
103 
104 
104 
103 
104 
103 
103 
102 
103 
102 
103 
102 
101 
100 
100 
100 
101 
100 
99 
99 
99 
99 
96 
96 
94 
94 
95 
95 
95 
94 
93 
94 
94 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
48 
48 
48 
48 
47 
47 
45 
44 
40 
38 
36 
34 
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III. RESULTS: RATS 


Survival 

Estimates of the probabilities of survival for 
male and female rats administered chlorinated 
paraffins (C23, 43% chlorine) at the doses used in 
these studies and for the vehicle controls are 
shown in the Kaplan and Meier curves in 
Figure 2. No significant differences in survival 
were observed between any groups of either sex 
(Table 15). 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or notewor­
thy changes in the incidences of rats with neo­
plastic or nonneoplastic lesions of the adrenal 

gland, pancreas, uterus, Zymbal gland, hemato­
poietic system, spleen, liver, skin, kidney, nasal 
cavity, and eye. Histopathologic findings on 
neoplasms in rats are summarized in Appen­
dix A (Tables Al and A2); Appendix A (Tables 
A3 and A4) also gives the survival and tumor 
status for individual male and female rats. 
Findings on nonneoplastic lesions are summa­
rized in Appendix C (Tables Cl and C2). Appen­
dix E (Tables Eland E2) contains the statistical 
analyses of those primary tumors that occurred 
with an incidence of at least 5% in one of the 
dose groups. The statistical analyses used are 
discussed in Chapter II (Statistical Methods) and 
Appendix E (footnotes). Historical incidences of 
tumors in corn oil vehicle control animals are 
listed in Appendix F. 

TABLE 15. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF CHLORINATED 
PARAFFINS (C23, 43% Cl) 

MALE(a) Vehicle Control 1,875mg/kg 3,750mg/kg 

Animals initially in study 
Nonaccidental deaths before termination (bJ 
Accidentally killed 
Killed at termination 

50 
20 
0 

30 

50 
15 
3 

32 

50 
23 
0 

27 
Survival P values (c) 0.677 0.457 0.740 

FEMALE(a) Vehicle Control IOOmg/kg 300mg/kg 900mg/kg 

Animals initially in study 50 50 50 50 
Nonaccidental deaths before 
termination (b) 

Accidentally killed 
Killed at termination 

16 
0 

34 

19 
1 

30 

17 
0 

33 

18 
1 

31 
Survival P values (c) 0.917 0.631 0.940 0.786 

(a) Terminal kill period: week 105 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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FIGURE 2. KAPLAN-MEIER SURVIVAL CURVES FOR RATS ADMINISTERED 

CHLORINATED PARAFFINS (C23• 43% Cl) IN CORN OIL BY GAVAGE FOR 
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III. RESULTS: RATS 


Adrenal Gland: Pheochromocytomas or malig­
nant pheochromocytomas (combined) in female 
rats occurred with a positive trend, and the inci­
dence in the high dose group was greater than 
that in the vehicle controls (Table 16). The 
following incidences of pheochromocytomas or 
malignant pheochromocytomas (combined) were 
observed in male rats: vehicle control, 20/50 
(43%); low dose, 16/50 (32%); high dose, 20/50 
(43%). 

Pancreas: Islet cell adenomas occurred with a 
positive trend in male rats, but the incidences in 
the dosed groups were not significantly greater 
than that in the vehicle controls (vehicle control: 
0/49; low dose, 1/50, 2%; high dose, 4/50, 8%). 
The incidences of islet cell adenomas or carcino­
mas (combined) in dosed male rats were not sig­
nificantly different from that in the vehicle con­
trols (vehicle control, 1/49; low dose, 3/50; high 
dose, 4/50). Acinar cell adenomas and hyper­
plasias occurred with a negative trend in male 
rats (Table 17). 

TABLE 16. ANALYSIS OF ADRENAL GLAND (MEDULLA) LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43% Cl) (a) 

Vehicle Control lOOmglkg 300mglkg 900mglkg 

Hyperplasia 
Overall Rates 6/50 (12%) 3/50 (6%) 1/50 (2%) 6/50(12%) 

Pheochromocytoma (All types) (b) 
Overall Rates 1150 (2%) (c) 4/50 (8%) 6/50 (12%) 7/50 (14%) 
Adjusted Rates 2.7% 10.3% 17.6% 19.6% 
Terminal Rates 0/34 (0%) 1130(3%) 5/33 (15%) 3/31 (10%) 
Week of First Observation 101 82 104 97 
Life Table Tests P=0.049 P=0.169 P=0.059 P=0.033 
Incidental Tumor Tests P=0.046 P=0.301 P=0.065 P=0.014 

Hyperplasia or Pheochromocytoma 
Overall Rates 7/50 <14%) 7/50 (14%) 7/50 (14%) 13/50 (26%) 
Adjusted Rates 19.0% 17.6% 19.4% 34.2% 
Terminal Raates 5/34 (15%) 2/30(7%) 5/33 (15%) 7/31 (23%) 
Week of First Observation 96 82 96 87 
Life Table Tests P=0.045 P=0.545 P=0.603 P=0.092 
Incidental Tumor Tests P=0.057 P=0.498N P=0.590N P=0.099 

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes). 
(b) Historical incidence of pheochromocytomas (all types) at study laboratory (mean ±SO): 16/300 (5% ± 3%); historical 
incidence in NTP studies: 6511,093 (6% ± 3%) 
(c) One female rat had a malignant pheochromocytoma. 
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TABLE 17. ANALYSIS OF PANCREATIC ACINAR CELL PROLIFERATIVE LESIONS IN MALE RATS IN 

THE TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43% Cl) 


Vehicle Control 1,875 mg!kg 3,750mg/kg 

Acinar Cell Hyperplasia 
Overall Rates 9/49 (18%) 2/50 (4%) 1/50 (2%) 

Acinar Cell Adenoma (a) 
Overall Rates 6/49 (12%) 1/50 (2%) 1/50 (2%) 
Adjusted Rates 18.1% 3.1% 3.7% 
Terminal Rates 4/29 (14%) 1/32 (3%) 1127 (4%) 
Week ofFirst Observation 84 105 105 
Life Table Tests P=0.026N P=0.051N P=0.073N 
Incidental Tumor Tests P=0.024N P=0.054N P=0.062N 

Acinar Cell Hyperplasia or Adenoma 
Overall Rates 15/49(31%) 3/50 (6%) 1150 (2%) 
Adjusted Rates 44.2% 9.4% 3.7% 
Terminal Rates 11129 (38%) 3/32 (9%) 1127 (4%) 
Week of First Observation 84 105 105 
Life Table Tests P<O.OOlN P=O.OOlN P<O.OOlN 
Incidental Tumor Tests P<O.OOlN P=O.OOlN P<O.OOlN 

(a) Historical incidence at study laboratory (mean± SO): 14/298 (5% ± 9%); historical incidence in NTP studies: 14/1,086 
(4% ± 7%) 

Uterus: The incidences of endometrial stromal 
polyps and endometrial stromal polyps or sar­
comas (combined) in the low dose female rats 
were greater than that in the vehicle controls 
(Table 18). Two endometrial stromal sarcomas 
were observed in the low dose group (one in an 
animal with a polyp), but none was noted in any 
other dose group or in the vehicle controls. The 
incidence of cystic hyperplasia (cystic endo­
metrial glands) in dosed female rats was greater 
than that in vehicle control female rats (vehicle 
control, 11/50, 22%; low dose, 19/50, 38%; mid 
dose, 25/50, 50%; high dose, 22/50, 44%). Cystic 
hyperplasia was characterized by minimal to 

mild cystic dilatation of endometrial glands that 
were lined by flattened atrophic epithelium. 
This change was the result of fluid accumulation 
and did not represent a proliferative process. 

Zymbal Gland: Carcinomas were found in 2/50 
(4%) low dose and 2/50 (4%) high dose male rats. 
An adenoma was found in 1150 (2%) low dose 
male rats. The incidence of adenomas or carci­
nomas (combined) in low dose male rats was not 
significantly greater than that in the vehicle 
controls (historical incidence at testing labora­
tory: 0/300; historical incidence in NTP studies: 
8/1,100,0.7% ± 1%). 
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TABLE 18. ANALYSIS OF UTERINE TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23,43% Cl) 

Vehicle Control 100mg/kg 300mg/kg 900mg/kg 

Endometrial Stromal Polyp 
Overall Rates 9/50(18%) 17/50(34%) 10/50 (20%) 10/50 (20%) 
Adjusted Rates 23.9% 43.5% 29.2% 29.3% 
Terminal Rates 7/34 (21 %) 9/30(30%) 9/33 (27%) 8/31 (26%) 
Week of First Observation 49 80 101 47 
Life Table Tests P=0.366N P=0.042 P=0.477 P=0.428 
Incidental Tumor Tests P=0.241N P=0.047 P=0.485 P=0.549 

Endometrial Stromal Sarcoma 
Overall Rates 0/50(0%) 2/50(4%) 0/50 (0%) 0/50 (0%) 

Endometrial Stromal Polyp or Sarcoma (a) 
Overall Rates 9/50 (18%) 18/50 (36%) 10/50 (20%) 10/50 (20%) 
Adjusted Rates 23.9% 44.7% 29.2% 29.3% 
Terminal Rates 7/34 (21%) 9/30 (30%) 9/33 (27%) 8/31 (26%) 
Week of First Observation 49 69 101 47 
Life Table Tests P=0.329N P=0.029 P=0.477 P=0.428 
Incidental Tumor Tests P=0.230N P=0.034 P=0.485 P=0.549 

(a) Historical incidence at study laboratory (mean ± SDl: 76/300 (25% ± 6%); historical incidence in NTP studies: 
252/1,089 (23% ± 6%) 

Hematopoietic System: Granulomatous inflam­
mation (evident microscopically and often 
present grossly as tan or yellow masses 5 mm to 
15 mm in diameter) and lymphoid hyperplasia of 
the pancreatic lymph nodes were observed in 
dosed rats of each sex but not in vehicle controls 
(Table 19). Granulomatous inflammation and 
lymphoid hyperplasia of the mesenteric lymph 
nodes were observed in low dose and high dose 
males and in mid dose and high dose females. 
These lesions were not noted in vehicle controls. 

Spleen: Congestion was observed in dosed 
animals of each sex, but not in vehicle controls 
(Table 19). 

Liver: Inflammatory Lesions--Lymphocytic in­
filtration, granulomatous inflammation, and 
pigmentation were observed in dosed male and 
female rats at incidences greater than those in 
the vehicle controls (Table 19). Microscopically, 
the liver lesions were characterized by a multi­
focal, randomly disseminated, granulomatous 
and lymphocytic inflammation that increased in 
severity with dose. The lesion was similar to 
those seen in female rats in the 13-week studies 
and in male and female rats at 6 and 12 months 
into the 2-year studies. The granulomatous 

component consisted of aggregates of histiocytes 
that had a finely vacuolated cytoplasm with 
various degrees of brownish pigmentation. In 
larger foci, the central histiocytic cells were 
fibrillar and spindle-shaped and sometimes had 
eosinophilic hyaline inclusions associated with 
degeneration or necrosis of cells. Frequently, 
large numbers of densely packed small lympho­
cytes and lesser numbers of other mononuclear 
inflammatory cells were clustered adjacent to 
the histiocytic aggregates. Examination of 
tissues stained with hematoxylin-eosin did not 
reveal deposits in the sinusoids. No refractive 
or crystalline deposits were observed with polar­
ized light. Pigment within the macrophages did 
not fluoresce under ultraviolet light. 

Hepatocellular Hyperplasia--Hepatocellular hy­
perplasia (diagnosed as nodular hyperplasia in 
Appendix C) was usually seen as multifocal, 
nodular lesions and less frequently as a single 
focus of hyperplasia. In view of the considerable 
inflammatory effects of chlorinated paraffins 
CC23, 43% chlorine) in the liver, these nodular 
lesions might be considered a regenerative hy­
perplasia. Hepatocellular hyperplasia is also 
seen commonly in livers of F344 rats with 
mononuclear cell leukemia. In these instances 

Chlorinated Paraffins CC23, 43% Cl) 
45 NTPTR305 




TABLE 19. NUMBER OF RATS WITH SELECTED NONNEOPLASTIC LESIONS IN THE TWO-YEAR 
GAVAGE STUDIES OF CHLORINATED PARAFFINS (C23, 43% Cl) 

Site/Lesion 

Number of rats examined 

Pancreatic lymph node 
Granulomatous inflammation 
Lymphoid hyperplasia 

Mesenteric lymph node 
Granulomatous inflammation 
Lymphoid hyperplasia 

Spleen 
Congestion 

Liver 
Lymphocytic inflammatory 

infiltrate 
Granulomatous focal inflammation 
Hepatocellular hyperplasia 
Pigmentation 

Skin 
Hyperkeratosis 

Kidney 
Nephropathy 
Pigmentation 

Nasal Cavity 
Suppurative inflammation 

Eye 
Retinopathy 
Cataracts 

0 

50 


0 
0 

0 
0 

0 

0 
0 
0 
0 

48 

0 


5 


2 

1 


Male 
1,875 


50 


29 

27 


8 

5 


30 


42 

49 

0 


45 


0 

47 

3 


14 


24 

22 


of leukemia, whether the hepatocellular hyper­
plasia is focal or multifocal presumably depends 
on the degree of liver degeneration secondary to 
the anemia and resultant anoxia characteristic 
of mononuclear cell leukemia. Periportal fibro­
sis, macrophage accumulation, bile duct prolif­
eration, and hepatocellular degeneration were 
often present in cases where multifocal hyper­
plasia was diagnosed. 

The focal hyperplastic lesions consisted of 
spherical proliferations of hepatocytes without 
nuclear atypia. Some contained cytologic altera­
tions similar to those observed in foci of cellular 
alteration. The hyperplastic cells occasionally 
were hypertrophic or contained intracytoplasmic 
vacuoles. In most instances, the hepatic lobular 
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3,750 

50 


23 

19 


11 

5 


32 


44 

49 


6 

46 


0 

46 

3 


11 


24 

19 


Dose {mllfkg} 

0 

50 


0 
0 

0 
0 

0 

3 

4 

0 

0 


1 


13 

2 


16 

12 


Female 
100 300 
 900 


50 50 
 50 


19 21 20 

19 22 23 


1 4 6 

0 3 5 


21 32 33 


44 45 41 

48 49 50 

4 6 5 


45 47 47 


0 16 


19 27 32 

20 30 29 


4 0 3 


2 5 3 

1 4 1 


architecture was evident, albeit distorted, and 
portal triads were found within the areas of hy­
perplasia. Cells within a focus of hyperplasia 
were usually uniform and had a homogeneous 
growth pattern. The principal diagnostic fea­
ture distinguishing focal hyperplasia from foci of 
cellular alteration was evidence of mild com­
pression of surrounding parenchyma in the 
former. Hyperplastic lesions reached several 
millimeters in diameter and were frequently 
seen as relatively distinct nodules in histologic 
sections. 

Multifocal hepatocellular hyperplasia with 
associated fibrosis and bile duct hyperplasia 
may resemble cirrhosis as described in human 
pathology texts (Robbins and Cotran, 1979; 
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III. RESULTS: RATS 


Rosai, 1981; Anderson and Kissane, 1977). This 
condition in rats is generally associated with 
less fibrosis than is typical in humans. The 
lesion in rats is seen in situations of repeated 
toxic injury to the liver and represents a com­
bination of the reaction to injury and attempted 
regeneration oflost hepatic parenchyma. 

Neoplastic Nodules--Neoplastic nodules oc­
curred in male rats with an incidence of 0/50 in 
vehicle control, 3/50 in low dose, and 3/50 in high 
dose animals. The incidences in dosed male rats 
were not significantly greater than in controls. 
The following incidences of neoplastic nodules 
were observed in female rats: vehicle control, 
1/50; low dose, 2/50; mid dose, 1/50; high dose, 
2/50. These nodular proliferations are sharply 
demarcated by definite compression of surround­
ing liver parenchyma and usually also by virtue 
of tinctorial staining differences. The hepatic 
plates of the nodule are not usually continuous 
with the surrounding liver plates but impinge 
upon them at a sharp angle. There is loss of the 
usual lobular architecture. Neoplastic nodules 
are often characterized by an increased mitotic 
index, may contain small areas of cellular atypia 
(e.g., pleomorphic nuclei, coarsely clumped 
chromatin, large nucleoli, increased nuclear to 
cytoplasmic ratio, cytoplasmic basophilia, cyto­
plasmic pleomorphism, altered cell to cell rela­
tionship), and have an irregular growth pattern. 

The principal diagnostic features distinguishing 
the neoplastic nodules from hepatocellular hy­
perplasia in these studies are the degree and 
prominence of compression of surrounding hep­
atic parenchyma and loss of normal lobular 
architecture. Neoplastic nodules in these stud­
ies usually occurred as single nodular lesions. 

Skin, Kidney, and Nasal Cavity: Incidences of 
hyperkeratosis of the skin in high dose female 
rats and nephropathy in mid dose and high dose 
female rats were greater than those in the 
vehicle controls (Table 19). Infection of the nasal 
cavity by Aspergillus spp with accompanying in­
flammatory changes was noted in both vehicle 
control and dosed rats. The incidence was some­
what greater in dosed male rats than in vehicle 
controls. 

Eye: The incidence of retinopathy and cataracts 
in dosed male rats was greater than that in the 
vehicle controls; the incidence of retinopathy 
and cataracts in female vehicle controls was 
greater than that in the dosed groups (Table 19). 
This greater incidence was attributed to the 
proximity to fluorescent lighting throughout the 
studies. Low and high dose male and vehicle 
control female rats occupied the top positions of 
the cage racks. Cages were not rotated during 
the studies. 
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III. RESULTS: MICE 


SINGLE-ADMINISTRATION STUDIES 

None of the mice died before the end of the stud­
ies, and no compound-related toxic effects were 
observed. Final body weights were not recorded. 
A high dose of 7,500 mg/kg was selected for the 
16-day studies because any higher dose was 
considered too viscous to be given repeatedly by 
gavage without causing a significant number of 
deaths related to the gavage procedure. 

SIXTEEN-DAY STUDIES 

No compound-related deaths occurred, and no 
toxic effects were observed (Table 20). Differ­
ences in final mean body weights were not con­
sidered compound related. No lesions noted at 
gross necropsy were considered related to chlo­
rinated paraffins (C23, 43% chlorine) adminis­
tration. For these reasons, the high dose of 7,500 
mg/kg was again used for the 13-week studies. 

THIRTEEN-WEEK STUDIES 

No compound-related deaths occurred; all 17 
early deaths were due to gavage-related trauma 
(Table 21). The final mean body weights were 
not adversely affected by administration of chlo­
rinated paraffins (C23, 43% chlorine). High dose 
females gained more weight than did the vehicle 
controls. No compound-related clinical signs or 
toxic effects were observed on gross necropsy or 
by histopathologic examination of high dose and 
vehicle control mice and of mice that died before 
the end of the study. 

Dose Selection Rationale: Doses initially se­
lected for mice for the 2-year studies were 3,750 
and 7,500 mg/kg chlorinated paraffins (C23, 43% 
chlorine). Because of the large number of 
gavage-related deaths in the first 3 weeks of the 
2-year studies, all male and female mice were 
killed and the studies were restarted with doses 
of 0, 2,500, and 5,000 mg/kg chlorinated paraf­
fins (C23, 43% chlorine). 

TABLE 20. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE SIXTEEN-DAY 
GAVAGE STUDIES OF CHLORINATED PARAFFINS (C2a• 43% Cl) 

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

(mg/kg) (percent) 

MALE 

0 
469 
938 

1,875 
3,750 
7,500 

FEMALE 

0 
469 
938 

1,875 
3,750 
7,500 

5/5 
5/5 
5/5 
4/5 
5/5 
5/5 

5/5 
4/5 
5/5 
5/5 
5/5 
5/5 

27.0 ± 0.5 
26.4 ±0.7 
26.6 ± 0.5 
29.2 ± 1.0 
26.6 ± 0.9 
26.4 ± 0.7 

22.4 ± 0.7 
20.8 ± 0.4 
22.0 ± 0.3 
21.2 ± 0.5 
22.2 ± 0.5 
21.8 ± 0.4 

28.2 ± 0.8 
28.8 ± 0.7 
28.2 ± 1.0 
32.0 ± 1.4 
29.8 ± 1.2 
28.8 ± 1.0 

24.0 ± 0.5 
23.5 ± 0.3 
22.6 ± 0.5 
23.0 ± 0.4 
23.4 ± 0.5 
22.8 ± 0.4 

+ 1.2 ± 0.4 
+2.4 ± 0.2 
+1.6±0.7 
+3.3 ± 0.3 
+3.2 ± 0.9 
+2.4 ± 0.5 

+1.6 ± 0.5 
+3.0 ± 0.4 
+0.6 ± 0.4 
+ 1.8 ± 0.2 
+ 1.2 ± 0.4 
+ 1.0 ± 0.0 

102.1 
100.0 
113.5 
105.7 
102.1 

97.9 
94.2 
95.8 
97.5 
95.0 

(a) Number surviving/number in group. All deaths were judged accidental. 
(b) Initial mean group body weight ± standard error of the mean. Subsequent calculations are based on those 
animals surviving to the end of the study. 
(c) Mean body weight change of the survivors ± standard error of the mean 
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TABLE 21. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK 
GAVAGE STUDIES OF CHLORINATED PARAFFINS (C23, 43% Cl) 

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

(mglkg) (percent) 

MALE 

0 
469 
938 

1,875 
3,750 
7,500 

FEMALE 

0 
469 
938 

1,875 
3,750 
7,500 

9/10 
8/10 

10/10 
10/10 
10/10 
6/10 

9/10 
8/10 

10/10 
9/10 
8/10 
6/10 

26.0 ±0.6 
25.3 ±0.8 
25.6 ±0.6 
25.9 ± 0.6 
26.2 ± 1.0 
24.3 ± 0.5 

18.9 ± 0.2 
20.5 ± 0.4 
19.9 ± 0.3 
20.3 ±0.3 
19.5 ± 0.5 
19.8 ±0.4 

37.4 ± 1.2 
37.0 ± 0.7 
37.7 ± 0.7 
38.1 ± 0.9 
37.2 ± 1.6 
37.3 ± 1.1 

26.7 ± 0.4 
28.4 ±0.8 
27.4 ± 0.6 
27.2 ±0.5 
27.5 ± 0.8 
31.0 ± 1.2 

+ 11.4 ± 0.9 
+ 11.1 ± 1.1 
+ 12.1 ± 0.7 
+ 12.2 ± 0.7 
+ 11.0 ± 1.0 
+ 12.7 ± 1.0 

+ 7.8 ± 0.4 
+ 7.9 ± 0.5 
+ 7.5 ± 0.5 
+ 6.9 ± 0.4 
+ 7.5 ± 0.7 
+ 10.3 ± 1.0 

98.9 
100.8 
101.9 
99.5 
99.7 

106.4 
102.6 
101.9 
103.0 
116.1 

(a) Number surviving/number in group; all deaths considered gavage accidents, which was confirmed by evidence 
of oil in the lung or a tear in the esophagus. 
(b) Initial mean group body weight ± standard error of the mean. Subsequent calculations are based on those 
animals surviving to the end of the study. 
(c) Mean body weight change of the survivors ± standard error of the mean 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of high dose male mice were 
comparable to those of the vehicle controls, and 
body weights of high dose female mice were 
greater than those of vehicle controls after week 
26 (Table 22 and Figure 3). Mean body weights 
of low dose male mice were slightly lower than 

those of the vehicle control and high dose mice 
after week 51. Mean body weights oflow dose fe­
male mice were lower than those of the vehicle 
control and high dose female mice after week 13. 
There were no chemically related clinical signs 
observed in male or female mice during the 
studies. 
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TABLE 22. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO·YEAR GAVAGE STUDIES 
OF CHLORINATED PARAFFINS (C23• 43% Cl) 

Weeks Ve~clt !;;onY:gl 2 ~mif.k, 5 000 m11k1 
on Study Av E No.ot Av WI W~percen No. of AvWl Wl(percenl No. of 

(grams) Survivors (grams) ofveh controls) Survivors (grams) ofveh controls) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
18 
22 
26 
31 
36 
40 
44 
47 
51 
56 
60 
64 
69 
74 
78 
83 
87 
91 
96 

101 
104 

25.2 
27.3 
28.8 
29.7 
30.6 
32.1 
32.6 
33.1 
34.7 
35.0 
36.4 
35.9 
37.4 
37.9 
41.4 
42.4 
43.4 
43.0 
45.7 
45.5 
46.4 
46.9 
46.8 
47.4 
47.9 
47.7 
48.8 
48.3 
47.1 
46.9 
46.2 
45.7 
45.9 
44.3 
42.5 

50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
47 
47 
47 
47 
46 
45 
42 
42 
41 
33 
32 
29 

25.2 
27.7 
28.9 
29.0 
30.4 
31.8 
32.6 
32.7 
34.1 
34.0 
35.9 
35.3 
36.3 
36.9 
38.8 
40.4 
42.6 
41.4 
43.1 
44.0 
45.3 
44.6 
44.7 
44.1 
44.1 
45.0 
45.9 
45.7 
44.3 
43.8 
44.3 
43.7 
43.5 
42.8 
39.7 

100 
101 
100 
98 
99 
99 

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

50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
46 
46 
46 
46 
44 
42 
38 
36 

25.4 
27.6 
29.2 
29.9 
31.3 
32.6 
33.1 
34.0 
35.3 
35.3 
36.3 
36.5 
37.6 
38.0 
40.9 
42.5 
43.2 
13.8 
45.9 
46.2 
46.3 
47.3 
47.4 
47.7 
47.5 
48.6 
48.2 
48.3 
47.9 
47.9 
48.0 
47.5 
46.3 
46.0 
45.5 

101 
101 
101 
101 
102 
102 
102 
103 
102 
101 
100 
102 
101 
100 
99 

100 
100 
102 
100 
102 
100 
101 
101 
101 
99 

102 
99 

100 
102 
102 
104 
104 
101 
104 
107 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
47 
46 
46 
45 
42 
39 
36 
33 
30 
28 

FEMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
18 
22 
26 
31 
36 
40 
44 
47 
51 
56 
60 
64 
69 
74 
78 
83 
87 
91 
96 

101 
104 

20.9 
22.2 
23.5 
24.3 
24.8 
25.3 
26.0 
25.8 
26.6 
26.8 
27.6 
26.9 
28.2 
28.6 
30.8 
31.7 
31.4 
32.2 
34.0 
35.8 
37.2 
38.1 
38.3 
40.7 
41.1 
42.1 
44.2 
44.5 
44.1 
44.2 
44.1 
45.9 
46.1 
43.7 
44.4 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
45 
42 
39 
33 
31 
27 
26 
25 
21 

20.7 
23.0 
22.8 
23.5 
24.3 
24.6 
25.5 
25.4 
25.9 
26.0 
27.0 
26.6 
26.8 
28.1 
28.8 
29.0 
30.6 
31.2 
30.3 
32.8 
34.8 
34.7 
35.1 
37.2 
37.8 
38.9 
40.2 
41.5 
39.7 
39.6 
40.2 
41.6 
40.3 
40.1 
38.1 

99 
104 
97 
97 
98 
97 
98 
98 
97 
97 
98 
99 
95 
98 
94 
91 
97 
97 
89 
92 
94 
91 
92 
91 
92 
92 
91 
93 
90 
90 
91 
91 
87 
92 
86 

50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
47 
47 
47 
47 
47 
47 
47 
46 
43 
42 
34 
31 
29 
23 
22 
22 

21.3 
22.7 
23.3 
24.1 
25.3 
25.2 
26.1 
26.2 
27.3 
27.1 
27.7 
28.0 
28.4 
29.1 
31.1 
32.2 
33.3 
33.8 
35.5 
37.3 
38.7 
39.5 
40.6 
42.6 
44.4 
45.6 
47.7 
48.0 
47.1 
47.6 
48.1 
48.8 
47.5 
47.3 
46.7 

102 
102 
99 
99 

102 
100 
100 
102 
103 
101 
100 
104 
101 
102 
101 
102 
106 
105 
104 
104 
104 
104 
106 
105 
108 
108 
108 
108 
107 
108 
109 
106 
103 
108 
105 

50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
47 
47 
45 
42 
41 
36 
34 
31 
27 
23 
20 
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FIGURE 3. GROWTH CURVES FOR MICE ADMINISTERED CHLORINATED 

PARAFFINS (C~a, 43% Cl) IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: MICE 


Survival 

Estimates of the probabilities of survival for 
male and female mice administered chlorinated 
paraffins CC23, 43% chlorine) at the doses used in 
these studies and for the vehicle controls are 
shown in the Kaplan and Meier curves in Figure 
4. No significant differences in survival between 

dosed and vehicle control groups were observed 
(Table 23). Survival in all dosed and vehicle 
control groups of female mice was affected after 
week 65 by a Klebsiella oxytoca infection. 
Evidence of utero-ovarian infection was noted in 
20/29 vehicle control, 19/27 low dose, and 17/29 
high dose female mice that died before the end of 
the studies. 

TABLE 23. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF CHLORINATED 
PARAFFINS CC23, 43% Cl) 

Vehicle Control 2,500mg/kg 5,000 mg/kg 

MALE(a) 

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

FEMALE (a) 

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

50 
20 

1 
28 

1 
0.707 

50 
29 

0 
21 

0.934 

50 50 
12 22 
2 0 

36 28 
0 0 
0.115 0.787 

50 50 
27 29 

1 1 
22 20 
0.822 0.911 

(a) Terminal kill period: weeks 104-105 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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III. RESULTS: MICE 


Pathology and Statistical Analyses of 
Results 

This section describes the significant or note­
worthy changes in the incidences of mice with 
neoplastic or nonneoplastic lesions of the hema­
topoietic system, liver, thyroid gland, urinary 
system, circulatory system, nasal cavity, ovary, 
and brain. Histopathologic findings on neo­
plasms in mice are summarized in Appendix B 
(Tables B1 and B2); Appendix B (Tables B3 and 
B4) also gives the survival and tumor status for 
individual male and female mice. Findings on 
nonneoplastic lesions are summarized in Ap­
pendix D (Tables 01 and 02). Appendix E 
(Tables E3 and E4) contains the statistical anal­
yses of those primary tumors that occurred with 

an incidence of at least 5% in one of the dose 
groups. The statistical analyses used are dis­
cussed in Chapter II (Statistical Methods) and 
Appendix E (footnotes). Historical incidences of 
tumors in corn oil vehicle control animals are 
listed in Appendix F. 

Hematopoietic System: Malignant lymphomas 
in male mice occurred with a significant positive 
trend, and the incidence in the high dose group 
was significantly greater than that in the 
vehicle controls (Table 24). The incidence of all 
malignant lymphomas in female mice was as 
follows: vehicle control, 15/50; low dose, 12/49; 
high dose, 20/50. No leukemia was observed in 
any group of male or female mice. 

TABLE 24. ANALYSIS OF MALIGNANT LYMPHOMAS IN MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43% Cl) (a,b) 

Vehicle Control 2,500mg/kg 5,000mg!kg 

Overall Rates 6/50 (12%) 12/50 (24%) 16/50 (32%) 
Adjusted Rates 
Terminal Rates 

16.3% 
2/29 (7%) 

31.4% 
10/36 (28%) 

48.7% 
12/28 (43%) 

Week of First Observation 77 99 85 
Life Table Tests P=0.009 P=0.204 P=0.014 
Incidental Tumor Tests P=O.Oll P=0.099 P=0.017 

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes). 
(b) Historical incidence at study laboratory (mean± SO): 35/299 (12% ± 5%); historical incidence in NTP studies: 132/1,097 
(12% ± 4%) 
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Liver: Hepatocellular carcinomas and hepato­
cellular adenomas or carcinomas (combined) in 
female mice occurred with significant positive 
trends, but the incidences in the dosed groups 
were not significantly greater than those in the 
vehicle controls (Table 25). An increased inci­
dence of cytoplasmic vacuolization was observed 
in high dose male mice (vehicle control, 1150; low 
dose, 1150; high dose, 6/50). The following inci­
dences of hepatocellular adenomas or carcino­
mas (combined) were observed in male mice: 
vehicle control, 18/50 (36%); low dose, 21150 
(42%); high dose, 23/50 (46%). 

Thyroid Gland: Follicular cell carcinomas in 
male mice occurred with a positive trend (vehi­
cle control, 0/49; low dose, 0/48; high dose, 3/49); 
the incidences of follicular cell adenomas or car­
cinomas (combined) were not significantly 
greater than that in the vehicle controls (vehicle 
control, 1149, 2%; low dose, 3/48, 6%; high dose, 
5/49, 10%). The incidences of follicular cell 
adenomas or carcinomas (combined) in female 
mice were as follows: vehicle control, 7/49 (14%); 
low dose, 6/47 (13%); high dose, 5/49 (10%) 
(historical incidence in male mice at testing lab­
oratory: 25/292, 9% ± 5%; historical incidence in 
NTP studies: 43/1,009,4% ± 5%). 

Urinary System: A urinary bladder transitional 
cell papilloma was observed in 1150 high dose 
male mice. Kidney tubular cell adenocar­
cinomas were observed in 1150 high dose male 

mice and in 1149 low dose and 1150 high dose fe­
male mice (historical incidence in NTP studies: 
urinary bladder transitional cell neoplasms in 
male mice, 0/1,054; kidney tubular cell adeno­
mas or adenocarcinomas in male mice, 4/1,091; 
kidney tubular cell adenomas or adenocarcino­
mas in female mice, 111,092). 

Circulatory System: Hemangiosarcomas in male 
mice occurred with a significant negative trend 
(vehicle control, 7/50, 14%; low dose, 2/50, 4%; 
high dose, 2/50, 4%), but the incidences in the 
dosed groups were not significantly different 
from those in the vehicle controls. 

Nasal Mucosa: The incidence of focal inflamma­
tion of the nasal mucosa was increased in high 
dose mice (male: vehicle control, 1150, 2%; low 
dose, 2/50, 4%; high dose, 8/50, 16%; female: 
vehicle control, 3/50, 6%; low dose, 5/49, 10%; 
high dose, 14/50, 28%). 

Ouary: Follicular cysts were observed at in­
creased incidence in high dose female mice 
(vehicle control, 11146, 24%; low dose, 15/42, 
36%; high dose, 20/47, 43%). 

Brain: Psammoma bodies in the thalamus were 
observed at increased incidences in dosed male 
mice and at decreased incidences in dosed female 
mice (male: vehicle control, 14/50, 28%; low 
dose, 21150, 42%; high dose, 25/50, 50%; female: 
vehicle control, 30/50, 60%; low dose, 22/49, 45%; 
high dose, 16/50, 32%). 
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TABLE 25. ANALYSIS OF UVER TUMORS IN FEMALE MICE IN THE TWO·YEAR GAVAGE STUDY 
OF CHLORINATED PARAFFINS (C2s• 43% Cl) 

Vehicle Control 2,500mg/kg 5,000mg/kg 

Hepatocellular Adenoma 
Overall Rates 3/50 (6%) 2/49 (4%) 7/50(14%) 
Adjusted Rates 14.3% 8.4% 27.0% 
Terminal Rates 3/21 (14%) 1122 (5%) 3/20(15%) 
Week of First Observation 104 93 67 
Life Table Tests P=0.093 P=0.487N P=0.144 
Incidental Tumor Tests P=0.152 P=0.529N P=0.201 

Hepatocellular Carcinoma 
Overall Rates 1150 (2%) 1149 (2%) 6/50(12%) 
Adjusted Rates 4.8% 4.5% 23.3% 
Terminal Rates 1/21 (5%) 1122 (5%) 2/20(10%) 
Week ofFirst Observation 104 104 90 
Life Table Tests P=0.022 P=0.753N P=0.058 
Incidental Tumor Tests P=0.043 P=0.753N P=0.098 

Hepatocellular Adenoma or Carcinoma (a) 
Overall Rates 4/50(8%) 3/49 (6%) 10/50 (20%) 
Adjusted Rates 19.0% 12.7% 36.3% 
Terminal Rates 4/21 (19%) 2/22(9%) 4/20(20%) 
Week of First Observation 104 93 67 
Life Table Tests P=0.039 P=0.481N P=0.069 
Incidental Tumor Tests P=0.071 P=0.518N P=O.l06 

(a) Historical incidence at study laboratory (mean ± SO): 18/300 (6% ± 3%); historical incidence in NTP studies: 
7 4/1,092 (7% ± 4%) 
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Studies of the toxicology and carcinogenesis of 
chlorinated paraffins (C23, 43% chlorine) were 
conducted in F344/N rats and B6C3Fl mice of 
each sex. For the 2-year studies, chlorinated 
paraffins (C23, 43% chlorine) was administered 5 
days per week by gavage in corn oil at doses of 0, 
1,875, or 3,750 mg/kg body weight to male rats; 
at 0, 100, 300, or 900 mg/kg to female rats; and 
at 0, 2,500, or 5,000 mg/kg to male and female 
mice. Doses for the 2-year studies were selected 
based on results from single-administration, 16­
day, and 13-week studies with rats and mice of 
each sex. 

The doses of chlorinated paraffins (C23, 43% 
chlorine) given during the 2-year studies to male 
rats and male and female mice were limited 
solely by the physical properties of the chemical. 
Because of the absence of chemically related 
toxicity in the short-term studies, these groups 
received the maximum amount of chlorinated 
paraffins (C23, 43% chlorine) that could be ad­
ministered by gavage based on the viscosity and 
total volume of the corn oil/chlorinated paraffins 
(C23, 43% chlorine) mixture. The 2-year studies 
in mice were begun with a high dose of 7,500 
mg/kg for each sex, but the 18-gauge needle re­
quired for delivery of this viscous dose con­
tributed to many gavage-related deaths in 
young mice, causing the mouse study to be re­
started with the dose and size of the gavage 
needle reduced. After this adjustment, no more 
than three gavage-related accidental deaths 
were recorded in any group of rats or mice 
during the 2-year studies. 

In contrast to the absence of chemically related 
toxicity in the short-term studies with male rats 
and male and female mice, a diffuse inflamma­
tion of the liver was observed in the 13-week 
study in female rats. This lesion was observed in 
all dose groups (235 to 3,750 mg/kg), and the in­
cidences were dose related. Since the effect of 
this lesion on survival of female rats during the 
2-year study could not be predicted, two doses 
(300 and 900 mg/kg) anticipated to produce the 
lesion were selected for the 2-year study, and a 
third dose (100 mg/kg) was included in case sur­
vival of the high dose group was poor. Addi­
tional male and female rats to be killed at 6 and 
12 months were added to all dosed and vehicle 
control groups to determine the onset and 
progress of this lesion. Although the results of 
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the additional studies showed that the inflam­
matory liver lesion was present at 6 and 12 
months, survival and body weight gain of these 
animals were not affected in the 2-year studies, 
and therefore the female rats may have been 
able to tolerate higher doses of chlorinated 
paraffins (C23, 43% chlorine). 

The survival of dosed and vehicle control male 
rats and male and female mice was similar in 
the 2-year studies. Body weight gains of dosed 
and vehicle control rats were similar, but low 
dose male mice had an average body weight as 
little as 92% of that of the vehicle controls and 
low dose female mice as little as 86% at various 
times during the 2-year studies. No reasons for 
these weight differences were apparent. A large 
number of deaths of female mice were observed 
after week 65 in both dosed and vehicle control 
groups. Evidence of utero-ovarian infection was 
noted in 69% of vehicle control, 70% of low dose, 
and 59% of high dose animals that died before 
the end of the study. Cultures taken from the 
ovaries or uterus of five affected mice were posi­
tive for Klebsiella oxytoca. Thus, female mice 
had an active Klebsiella infection during the 
second year of the study, and this infection was 
the primary cause of death of these animals. 
The low survival may have decreased the sensi­
tivity of the study for detection of a carcinogenic 
effect in female mice. 

There were no significant chemically related 
clinical signs in either rats or mice during the 2­
year studies. However, certain organs or organ 
systems showed histopathologic changes in re­
sponse to chlorinated paraffins (C23, 43% chlo­
rine) exposure in rats and mice of each sex. 

Malignant lymphomas occurred with a dose­
related positive trend in male mice (vehicle con­
trol, 6/50; low dose, 12/50; high dose, 16/50). The 
incidences in high dose male mice (32%) and in 
low dose male mice (24%) were greater than that 
in the vehicle controls (12%) and were greater 
than the highest incidence observed in historical 
corn oil vehicle control groups (22%) (Appen­
dix F, Table F1). In that these incidences repre­
sent significant, dose-related increases in a 
malignant neoplasm, they represent clear evi­
dence of carcinogenicity of chlorinated paraffins 
(C23, 43% chlorine) in male mice. 
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Hepatocellular carcinomas and hepatocellular 
adenomas or carcinomas (combined) showed 
positive trends (life table analysis) in dosed fe­
male mice. Emphasis on the results of life table 
analysis is appropriate in this instance for two 
reasons. Survival of dosed and vehicle control 
female mice was similar, which precludes gen­
eration of an inappropriately low P value 
through shortened survival due to chemical tox­
icity. Also, the increased incidence of liver neo­
plasms in the high dose group was primarily 
accounted for by malignant, life-threatening tu­
mors, i.e., hepatocellular carcinomas. The inci­
dence of hepatocellular carcinomas in the high 
dose group (12%) was nearly twice the highest 
rate observed in vehicle corn oil controls in NTP 
studies and was about fourfold greater than the 
mean historical incidence (34/1,092; 3.1%) (Ta­
ble FlO). Nonetheless, there was only a mar­
ginal increase in the incidence of total liver neo­
plasms in dosed female mice (vehicle control, 
4/50; low dose, 3/49; high dose, 10/50); hence the 
evidence of carcinogenicity of chlorinated paraf­
fins CC2a. 43% chlorine) was considered equiv­
ocal in that group. Liver neoplastic nodules 
were observed in dosed male rats (vehicle con­
trol, 0/50; low dose, 3/50; high dose, 3/50), but the 
incidences were not statistically significant. 

Adrenal gland medullary pheochromocytomas 
were observed with a dose-related positive trend 
in female rats, and the incidence in the high dose 
group (14%) was significantly greater than that 
in the vehicle controls (2%). The historical inci­
dence of pheochromocytomas in corn oil vehicle 
controls is 5%-6% in female rats, with 12% being 
the greatest observed incidence (Table F5). If 
adrenal gland medullary hyperplasias are also 
considered, an increase in total proliferative le­
sions is seen only in the high dose group (hyper­
plasia or pheochromocytomas, combined: ve­
hicle control, 7/50; low dose, 7/50; mid dose, 7/50; 
high dose, 13/50). With the exception of one ma­
lignant pheochromocytoma noted in a low dose 
female rat, the neoplasms were benign. These 
lesions were not increased in male rats. This 
small increase in benign tumors in female rats 
may be related to the administration of chlo­
rinated paraffins (Cza, 43% chlorine). 

The incidence of endometrial stromal polyps of 
the uterus was increased in the low dose female 
rats (17/50). In addition, two endometrial 

stromal sarcomas were found in this dose group 
(one in an animal with a polyp), but none was 
found in other group. Although the incidence of 
these neoplasms in the low dose group was 
greater than that in the vehicle controls (9/50) 
and the incidence is greater than the historical 
control rate (252/1,089, 23%), this increase is not 
considered to be related to chlorinated paraffins 
CC2a. 43% chlorine) exposure, since no increase 
was seen in the mid dose and high dose groups. 
Endometrial stromal polyps were observed in 
3/50 vehicle control female mice but not in any 
dosed mice. 

Dose-related changes in the incidence of acinar 
ce11 adenomas of the pancreas were observed in 
male rats administered chlorinated paraffins 
CC23, 43% chlorine). Pancreatic acinar cell ade­
nomas occurred with a negative trend, and 
acinar cell hyperplasia also followed this pattern 
(vehicle control, 18%; low dose, 4%; high dose, 
2%). Acinar cell neoplasms are frequently noted 
at a greater incidence in male rat vehicle con­
trols in corn oil gavage studies than in feed stud­
ies (Boorman and Eustis, 1984). The relative 
incidences observed in the present study may 
reflect the amount ofcorn oil administered to the 
respective dose groups. Vehicle controls re­
ceived 5 ml of corn oil/kg per day, low dose ani­
mals, 3.4 ml/kg, and high dose, 1.8 ml/kg 
throughout the studies. 

The primary nonneoplastic lesion in the rat at ­
tributed to chlorinated paraffins CC23, 43% chlo­
rine) administration was a lymphohistiocytic in­
flammation of the liver, with associated involve­
ment of the pancreatic and mesenteric lymph 
nodes (see Table 19). In male and female rats, 
this granulomatous lesion caused an impair­
ment of hepatic blood flow by obstruction of the 
sinusoids, which led to congestion of the spleen. 
Female rats appeared to develop the toxic liver 
lesion after administration of chlorinated paraf­
fins CC2a. 43% chlorine) at lower doses for 
shorter periods of time than was required for the 
male rats. However, the results of the 6- and 12­
month studies indicated that the lesion did occur 
in males as well as females. 

A subjective assessment of the severity of lym­
phohistiocytic inflammation of the liver 
suggested an association with both the dose and 
the duration of administration of chlorinated 
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paraffins (C23, 43% chlorine). The increases in 
relative liver weight appeared to reflect the 
severity of the lesion, and liver weights correlat­
ed well at 6 and 12 months with the doses given 
to female rats and at 12 months with the doses 
given to male rats. Grossly, the livers were en­
larged and mottled and often had multiple nod­
ules. Microscopically, diffuse foci of lymphohis­
tiocytic inflammation were observed. Cellular 
necrosis was noted in the periphery of larger 
foci, and the moderate increases in serum ASAT, 
ALAT, and SDH activity at 6 and 12 months 
may have originated in these areas. (Clinical 
pathology assessments were not performed at 
the termination of the 2-year studies.) Although 
within normal ranges, the serum albumin con­
centrations were lower in the high dose female 
rats than in the vehicle controls at 6 and 12 
months. The concentration of globulins was ele­
vated in the mid dose and high dose groups at 6 
months, and the albumin:globulin ratio was de­
creased at 6 months in all dosed female rats. 
Total serum protein was decreased in mid dose 
and high dose female rats at 12 months. All 
these changes are characteristic of a toxic liver 
lesion. 

Hematologic parameters also showed changes 
consistent with a lymphohistiocytic inflamma­
tion. Leukocyte counts were elevated in the 
high dose female rats at both 6 and 12 months, 
with lymphocytes accounting for most of the in­
crease. Monocytes, the precursors of the histio­
cytes, appeared elevated at 12 months in dosed 
female rats. Packed cell volumes (hematocrit), 
erythrocyte counts, and hemoglobin content 
were all within normal ranges, but the trends in 
the data were suggestive of a slight peripheral 
anemia. An anemia of chronic inflammation is 
often observed concurrently with a granuloma­
tous lesion, possibly because of sequestration of 
iron by the macrophages (Wintrobe et al., 1981). 
Microcytic anemia can occur under these condi­
tions, and calculations of mean corpuscular 
volume from the present hematologic data sug­
gest a reduction in the red blood cell volume in 
high dose female rats at 12 months. 

The mechanism(s) by which chlorinated paraf­
fins (C23, 43% chlorine) causes the hepatic in­
flammation are not known, and the reasons for 
the greater sensitivity of the female rat for de­
velopment of the lesion are not understood. The 
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appearance of the lesion is suggestive of a de­
layed tissue hypersensitivity reaction, although 
the strong dose response is not consistent with a 
primary allergic mechanism. Following short 
periods of administration, certain chlorinated 
paraffins are known to cause proliferation of 
hepatocyte smooth endoplasmic reticulum along 
with the induction of epoxide hydrolase, 
glutathione-S-transferase, certain cytochrome 
P-450's, and other enzymes (Nilsen et al., 1981; 
Meijer et al., 1981). Exposure in vivo to the 
shorter carbon chain paraffins also tends to in­
crease the number and size of mitochondria and 
peroxisomes and induces the occurrence of auto­
phagosomes and lysosomes (Nilsen et al., 1980, 
1981). The extent of such biochemical changes 
after exposure to chlorinated paraffins (Cza, 43% 
chlorine) is not known, nor is it known if these 
changes are in any way involved in the develop­
ment of the liver lesion. 

Other nonneoplastic lesions that may have been 
related to chlorinated paraffins (C23, 43% chlo­
rine) exposure included pigmentation in the kid­
neys of female rats, pigmentation in the livers of 
male and female rats, and an increase in inflam­
mation of the nasal cavity of male rats and male 
and female mice. Follicular cysts of the ovary 
were observed at an increased incidence in fe­
male mice, but the presence ofa Klebsiella infec­
tion makes this difficult to interpret. 

Similar toxicology and carcinogenesis studies 
were carried out on chlorinated paraffins (C12, 
60% chlorine), a mixture of shorter chain paraf­
fins chlorinated to approximately 60% by 
weight. Complete details of these studies are re­
ported separately (NTP, 1986), and a copy of the 
abstract from the Technical Report is included 
as Appendix 0 in this Report. The shorter chain 
paraffin material was judged to exhibit clear evi­
dence of carcinogenicity in rats and mice of each 
sex. Dosed male and female rats and mice 
showed increased incidences of liver tumors, 
dosed male rats had increased incidences of kid­
ney tubular cell hyperplasia and adenomas or 
adenocarcinomas (combined), and dosed female 
rats and female mice showed increased thyroid 
gland follicular cell neoplasms. Mononuclear 
cell leukemia was increased in dosed male rats, 
but malignant lymphomas were not increased in 
male mice, in contrast to the results with chlo­
rinated paraffins (Cza, 43% chlorine). 
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The shorter chain chlorinated paraffins caused a 
marked hepatocyte hypertrophy and correspond­
ing liver enlargement in rats and mice, but no 
evidence of a lymphohistiocytic inflammation 
was noted in males or females of either species. 
In addition, the shorter chain material caused 
kidney enlargement and a worsening of ne­
phropathy in dosed male and female rats; the 
longer chain paraffins appeared to cause only a 
moderate increase in the terminal incidence of 
nephropathy and pigmentation of the kidney in 
female rats. Administration of short-chain par­
affins caused inflammation and ulceration of the 
stomach of male rats, effects not seen in any of 
the groups given the longer chain chlorinated 
paraffins (C23, 43% chlorine). 

Comparisons of the effects of administration of 
these materials to rats and mice must include a 
consideration of the molar doses used in the two 
sets of studies and the likelihood of differences in 
absorption. With the exception of the low and 
mid doses of chlorinated paraffins (C23, 43% 
chlorine) given to female rats, molar doses of the 
longer chain paraffins were higher than those of 

the shorter chain materials. Lower absorption of 
longer chain paraffins may have partially offset 
the differences in the administered doses. Given 
this uncertainty, it would nonetheless appear 
that the shorter chain, highly chlorinated paraf­
fins have a greater potential for toxicity and car­
cinogenicity in rodents than do the longer chain 
paraffins (NTP, 1986). 

Conclusions: Under the conditions of these 2­
year gavage studies, there was no evidence of 
carcinogenicity* of chlorinated paraffins CC23, 
43% chlorine) for male F344/N rats given 1,875 
or 3,750 mg/kg per day. There was equivocal evi­
dence of carcinogenicity of chlorinated paraffins 
(C2a, 43% chlorine) for female F344/N rats as 
shown by an increased incidence of adrenal 
gland medullary pheochromocytomas. There 
was clear evidence ofcarcinogenicity of chlorina­
ted paraffins CC23, 43% chlorine) for male 
B6C3Fl mice as shown by an increase in the in­
cidence of malignant lymphomas. There was 
equivocal evidence ofcarcinogenicity of chlorina­
ted paraffins CC23, 43% chlorine) for female 
B6C3Fl mice as shown by a marginal increase in 
the incidence of hepatocellular neoplasms. 

"'Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
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TABLE A1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%CI) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
•Skin 


Squamous cell papilloma 

Basal cell tumor 

Trichoepithelioma 

Keratoacanthoma 


•subcutaneous tissue 

Sarcoma, NOS 

Fibroma 

N eurofibrosarcoma 


•Mesentery 
Fibrous histiocytoma, malignant 

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

4 (8%) 
(50) 

3 (6%) 

(50) 
1 (2%) 

(50) 
2 (4%) 

1 (2%) 
1 (2%) 

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

(50) 

(50) 

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

(50) 

3 (6%) 
1 (2%) 

(50) 

RESPIRATORY SYSTEM 
•Nasal cavity 

Papillary adenoma 
(50) 

1 (2%) 
(50) (50) 

#Lung 
Alveolar/bronchiolar adenoma 

(50) (50) 
1 (2%) 

(50) 

HEMATOPOIETIC SYSTEM 
•Multiple organs 

Malignant lymphoma,lymphocytic type 
Malignant lymphoma, histiocytic type 
Leukemia, mononuclear cell 

(50) 

9 (18%) 

(50) 
1 (2%) 

8 (16%) 

(50) 

2 (4%) 
14 (28%) 

#Spleen 
Fibroma 

(50) 
1 (2%) 

(50) (50) 
1 (2%) 

Leukemia, mononuclear cell 1 (2%) 

CIRCULATORY SYSTEM 
•subcutaneous tissue (50) (50) (50) 

Hemangiopericytoma, NOS 1 (2%) 

DIGESTIVE SYSTEM 
•Tongue 

Squamous cell papilloma 
(50) (50) 

1 (2%) 
(50) 

#Liver 
Neoplastic nodule 

#Pancreas 
Acinar cell adenoma 

(50) 

(49) 
6 (12%) 

(50) 
3 (6%) 

(50) 
1 (2%) 

(50) 
3 (6%) 

(50) 
1 (2%) 

#Small intestine (50) (50) (50) 
Mucinous adenocarcinoma 1 (2%) 

URINARY SYSTEM 
#Kidney 

Tubular cell adenoma 
(50) 

1 (2%) 
(50) (50) 

Tubular cell adenocarcinoma 1 (2%) 
#Urinary bladder 

Transitional cell carcinoma 
(50) 

2 (4%) 
(50) 

1 (2%) 
(48) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Pituitary (49) (49) (47) 

Craniopharyngioma 1 (2%) 
#Pituitary intermedia (49) (49) (47) 

Craniopharyngioma 1 (2%) 
#Anterior pituitary (49) (49) (47) 

Carcinoma, NOS 2 (4%) 1 (2%) 2 (4%) 
Adenoma, NOS 13 (27%) 6 (12%) 10 (21%) 

#Pituitary posterior (49) (49) (47) 
Adenoma, NOS 1 (2%) 

#Adrenal (50) (50) (50) 
Cortical adenoma 2 (4%) 

#Adrenal medulla (50) (50) (50) 
Pheochromocytoma 20 (40%) 15 (30%) 20 (40%) 
Pheochromocytoma, malignant 2 (4%) 

#Thyroid (50) (50) (49) 
Follicular cell adenoma 1 (2%) 
Follicular cell carcinoma 1 (2%) 2 (4%) 
C-cell adenoma 7 (14%) 4 (8%) 5 (10%) 
C-cell carcinoma 4 (8%) 5 (10%) 3 (6%) 

#Pancreatic islets (49) (50) (50) 
Islet cell adenoma 1 (2%) 4 (8%) 
Islet cell carcinoma (2%) 2 (4%) 

REPRODUCTIVE SYSTEM 
•Mammary gland 
 (50) (50) (50) 

Fibroadenoma 
 4 (8%) 1 (2%) 
"'Preputial gland (50) (50) (50) 

Carcinoma, NOS 1 (2%) 2 (4%) 1 (2%) 
Adenoma, NOS 1 (2%) 3 (6%) 

#Testis (50) (50) (50) 
Interstitial cell tumor 41 (82%) 43 (86%) 39 (78%) 

"'Spermatic cord (50) (50) (50) 
Mesothelioma, NOS 2 (4%) 

NERVOUS SYSTEM 
#Brain/meninges (50) (50) (49) 

Granular cell tumor, NOS 1 (2%) 
#Cerebrum (50) (50) (49) 

Granular cell tumor, NOS 1 (2%) 
#Brain/thalamus (50) (50) (49) 

Astrocytoma 1 (2%) 

SPECIAL SENSE ORGANS 
'"Zymbal gland (50) (50) (50) 

Carcinoma, NOS 2 (4%) 2 (4%) 
Adenoma, NOS 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
'"Mesentery (50) (50) (50) 

Carcinoma, NOS 1 (2%) 
"'Tunica vaginalis (50) (50) (50) 

Mesothelioma, NOS 1 (2%) 1 (2%) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Mesothelioma, NOS 1 (2%) 
Osteosarcoma 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 6 4 5 
Moribund sacrifice 14 11 18 
Terminal sacrifice 30 32 27 
Dosing accident 3 

TUMOR SUMMARY 
Total animals with primary tumors•• 

Total primary tumors 
Total animals with benign tumors 

Total benign tumors 
Total animals with malignant tumors 

Total malignant tumors 
Total animals with tumors uncertain·· 

benign or malignant 
Total uncertain tumors 

48 
137 

46 
107 

23 
25 

5 
5 

47 
127 

46 
91 
25 
29 

6 
7 

48 
116 
48 
87 
24 
25 

4 
4 

• Number of animals necropsied 
•• Primary tumors: all tumors except secondary tumors 
#Number of animals with tissue examined microscopically 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C2s, 43%Cl) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 50 
ANIMALS NECROPSIED 50 50 50 50 
ANIMALS EXAMINED HISTOPATHO­

LOGICALLY 50 50 50 50 

INTEGUMENTARY SYSTEM 
*Skin (50) (50) (50) (50) 

Squamous cell papilloma 1 (2%) 
Squamous cell carcinoma 1 (2%) 
Basal cell tumor 1 (2%) 
Keratoacanthoma 1 (2%) 1 (2%) 

•subcutaneous tissue (50) (50) (50) (50) 
C-cell carcinoma, invasive 1 (2%) 
Sarcoma, NOS 1 (2%) 1 (2%) 
Fibroma 1 (2%) 1 (2%) 1 (2%) 
Fibrosarcoma 1 (2%) 

RESPIRATORY SYSTEM 
#Trachea (50) (50) (50) (50) 

C-cell carcinoma, invasive 1 (2%) 
#Lung 

Squamous cell carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
C-cell carcinoma, metastatic 

(50) 

1 (2%) 

(50) (49) 
1 
2 
1 
1 

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

(50) 

1 
1 

(2%) 
(2%) 

Pheochromocytoma, metastatic 1 (2%) 

HEMATOPOIETIC SYSTEM 
#Cerebrum (50) 

Malignant reticulosis 
*Multiple organs (50) 

Malignant lymphoma, lymphocytic type 
Leukemia, mononuclear cell 7 (14%) 

#Spleen (50) 
Osteosarcoma, metastatic 
Malignant lymphoma, histiocytic type 
Leukemia, mononuclear cell 1 (2%) 

#Mandibular 1. node (50) 

Sarcoma, NOS, invasive 


#Kidney (50) 

Malignant lymphoma, histiocytic type 


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

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

9 (18%) 7 (14%) 8 (16%) 
(50) (50) (50) 

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

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

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

CIRCULATORY SYSTEM 
*Muscle of thorax (50) (50) (50) (50) 

Hemangiosarcoma 1 (2%) 

DIGESTIVE SYSTEM 
#Liver 

Neoplastic nodule 
#Forestomach 

(50) 
1 (2%) 

(50) 

(50) 
2 (4%) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 
2 (4%) 

(50) 
Squamous cell papilloma 

#Cecum 
Leiomyosarcoma 

(50) (49) 
1 (2%) 

(50) 
1 (2%) 

(49) 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

URINARY SYSTEM 
#Urinary bladder (50) (50) (50) (50) 

Transitional cell carcinoma 1 (2%) 
Endometrial stromal sarcoma, invasive (2%) 

ENDOCRINE SYSTEM 
#Anterior pituitary (50) (50) (50) (50) 

Carcinoma, NOS 3 (6%) 2 (4%) 1 (2%) 2 (4%) 
Adenoma, NOS 22 (44%) 18 (36%) 18 (36%) 18 (36%) 

#Adrenal (50) (50) (50) (50) 
Cortical adenoma 1 (2%) 1 (2%) 

#Adrenal medulla (50) (50) (50) (50) 
Pheochromocytoma 1 (2%) 3 (6%) 6 (12%) 7 (14%) 
Ph~ochromocytoma, malignant 1 (2%) 

#Thyroid (50) (48) (50) (50) 
Follicular cell carcinoma 1 (2%) 1 (2%) 
C-cell adenoma 5 (10%) 5 (10%) 5 (10%) 3 (6%) 
C-cell carcinoma 4 (8%) 5 (10%) 2 (4%) 1 (2%) 

#Pancreatic islets (50) (50) (50) (50) 
Islet cell adenoma 1 (2%) 

REPRODUCTIVE SYSTEM 
•Mammary gland (50) (50) (50) (50) 

Adenoma, NOS 1 (2%) 
Adenocarcinoma, NOS 3 (6%) 2 (4%) 
Fibroadenoma 

•clitoral gland 
14 

(50) 
(28%) 13 

(50) 
(26%) 8 

(50) 
(16%) 8 

(50) 
(16%) 

Carcinoma, NOS 1 (2%) 1 (2%) 1 (2%) 
Squamous cell carcinoma 1 (2%) 

#Uterus (50) (50) (50) (50) 
Endometrial stromal polyp 9 (18%) 17 (34%) 10 (20%) 10 (20%) 
Endometrial stromal sarcoma 2 (4%) 

#Uterus/endometrium (50) (50) (50) (50) 
Squamous cell carcinoma 
Adenoma, NOS 1 (2%) 

1 (2%) 

#Ovary (50) (50) (50) (50) 
Granulosa cell carcinoma 1 (2%) 

NERVOUS SYSTEM 
#Cerebrum (50) (50) (50) (50) 

Carcinoma, NOS, invasive 1 (2%) 
#Brain (50) (50) (50) (50) 

Carcinoma, NOS, invasive 1 (2%) 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
*Muscle ofback 

Osteosarcoma 
(50) (50) (50) 

1 (2%) 
(50) 

BODY CAVITIES 
None 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
"'Multiple organs 

Squamous cell carcinoma 
C-cell carcinoma, metastatic 

(50) 
1 (2%) 

(50) (50) 

1 (2%) 

(50) 

Broad ligament 
Fibroma 1 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
50 
6 

50 
6 

50 
4 

50 
8 

Moribund sacrifice 10 13 13 10 
Terminal sacrifice 34 30 33 31 
Accidentally killed, NOS 1 1 

TUMOR SUMMARY 
Total animals with primary tumors"'"' 46 

Total primary tumors 80 
Total animals with benign tumors 39 

Total benign tumors 57 
Total animals with malignant tumors 19 

Total malignant tumors 22 
Total animals with secondary tumors## 1 

Total secondary tumors 1 
Total animals with tumors uncertain-­

benign or malignant 1 
Total uncertain tumors 1 

45 
87 
39 
58 
22 
27 
3 
3 

2 
2 

40 
69 
36 
52 
13 
16 
3 
6 

41 
72 
34 
51 
17 
19 
1 
1 

2 
2 

"'Number of animals necropsied 
"'"' Primary tumors: all tumors except secondary tumors 
#Number of animals with tissue examined microscopically 
##Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO· 

YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS <C23,43%CI): VEHICLE CONTROL 


NUMBER 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + 

Squamous cell papilloma X 
Basal cell tumor 

Keratoacanthoma 
 X X X 

Subcutaneous tissue + + + + + + + + + + + + + + + + + + + + + + + + + 
Fibroma 

Hemangiopericytoma, NOS 
 X 

RESPIRATORY SYSTEM 

~~cl!:'e~nd bronchi 
 + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
Naeal cavity N N N N N N N N N N + + + + + + + + + + + + + + + 

Papillary adenoma 

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + +·+ + + + + 

Fibroma 

Lymph nodes 
 + + + + + + + + + + + + + + + + + + + + + + + + + 
Thymus + + + + + + + - + + + + + + + + + + + + + + + + + 

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 
Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common bile duct N N N N N NNN NNNNNNNNNN NNNNNNN 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 

Acinar cell adenoma X X 
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 
Small intestine + + + + + + + + + + + + + + + + + + + + + + + + + 

Mucinous adenocarcinoma X 
Large intestine + + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Tubular cell adenoma 

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 
Transitional cell carcinoma X 

ENDOCRINE SYSTEM 
Pituitary + + + + + + + - + + + + + + + + + + + + + + + + + 

Carcinoma, NOS X X 
Adenoma, NOS X X X X 
Craniopharyngioma X 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
Pheochromocytoma X X X X X X X X X 

Thyroid + + + + + + + + + + + + + + + + + + + + + + + + + 
Follicular cell carcinoma 
C-cell adenoma X X X X X 
C-cell carcinoma X X 

Parathyroid + + + + + + + + + + + + + + + + + + + + + + + + + 
Pancreatic islets + + + + + + + + + + + + + + + + + + + + + + + + + 

Islet. cell carcinoma X 

REPRODUcTivE SYSTEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

Fibroadenoma X X X 
Testis + + + + + + + + + + + + + + + + + + + + + + + + + 

Interstitial cell tumor X X X X X X X X X X X X X X X X X X 
Prostate - + + + + + + + + + + + + + + + + + + + + + + + + 
PreputiaVclitoral gland NNNNNNN NNNNNNNNNNNNNNNNNN 

Carcinoma, NOS X 
Adenoma, NOS X 

NERVOUs SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

Granular cell tumor, NOS 

Astrocytoma 
 X 

BODY cAviTIES 
Tunica vaginalis + + + + + + + + + + + + + + + + + + + + + + + + + 

Mesothelioma, NOS X 
Mesentery NNNNNNNNNNNNNNNNNNNNNNNNN 

Carcinoma, NOS 
Fibrous histiocytoma, malignant X 

ALL OTHER SYSTEMS 
Multiple organa, NOS NNNNNNNNNNNNNNNNNNNNNNNNN 

Osteosarcoma X 
Leukemia, mononuclear cell X X X X X X X 

+ : Tissue Examined Microecopically No Tissue Information Submitted 
Required Tissue Not Examined Microscopically c Necropsy, No Histology Due To Protocol 

X Tumor Incidence A Autolysis 
N Necropsy, No Autolysis, No Microscopic Examination M Animal Missing 
S Animal Missexed B No Necropsy Performed 

Chlorinated Paraffins (C23, 43'*' Cl) 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE 
CONTROL (Continued) 

~~Ws'};~ 
2 5 9 2 3 4 5 6 8 9 I 2 3 4 5 6 8 9 0 I 4 8 9 0 

TOTAL 
WEEKS ON 

ri~~M~m~~~~~~~~~~gl~!l~l~~~~~tl!l~~~ 
TISSUES 

STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMORS 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5~lll~lll~l~lll~l~l~l~l~l~l~l~l~l~l~l~l~lll~l~l~ll 

INTEGUMENTARY SYSTEM 
Skm + + + + + + + + + + + + + + + + + + + + + + + + + •so 

Squamous cell pap11loma X X 3 

Baaal ce II tumor 
 X X 2 

Keratoacanthoma 
 X 4 


Subcutaneous tissue 
 + + + + + + + + + + + + + + + + + + + + + + + + + •so 
F1broma X X X 3 
Hemang1opencytoma, NOS 1 

RESPIRATORY SYSTEM 
.f::':c'l:'e!nd bronchi 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

Nasal ca Vlty 
 + + + + + + + + + + + + + + + + + + + + + + + + + •so 

Pap1llary adenoma X 1 

HEMATOPOIETIC SYSTEM 
Bone marrow 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
1broma 

+ + + + + + + + + + + + + + + + + + + + + + + + +S~leen 
X 1 

Lhmphnodes 50 
T ymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
49+ + + + + + + + + + + + + + + + + + + + + + + + + 

ciRCULATORY SYSTEM 
Heart 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Sahvary gland 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
Ltver 50 
Bdeduct 

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

Gallbladder & common bde duct 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
NNNNNNNNNNNNNNNNNNNNNNNNN •so 

Pancreas 49 

Acmar cell adenoma 


+ - + + + + + + + + + + + + + + + + + + + + + + + 
X X X X 6 

Esophagus 50 
Stomach 

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

Small Intestine 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

50+ + + + + + + + + + + + + + + + + + + + + + + + + 
Mucmous adenocarctnoma 1 

Large mtestme 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
K1dney 50 

Tubular cell adenoma 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
X I 

Unnary bladder 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
Trans1t10nal cell carcmoma X 2 

ENDOCRINE SYSTEM 
P1twtary 49 


Carcmoma, NOS 

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

2 

Adenoma, NOS 
 X X X X X X X X X 13 

Cran10pharyng10ma 
 I 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Pheochromocytoma 
 X X X X X X X X X X X 20 

Thyro1d 50 

Follicular cell carcmoma 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
X I 


C-cell adenoma 
 X X 7 

C-cell carc1noma 
 X X 4 

Parathyroid 50 
Pancreatic ISlets 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
49 


Islet cell carcmoma 

+ - + + + + + + + + + + + + + + + + + + + + + + + 

I 

REPRODUCTIVE SYSTEM 
Mammary gland •so+ + + + + + + + + + + + + + + + + + + + + + + + + 

F1broadenoma X 4 
TestiS 50 


Interstitial cell tumor 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
xxxxxxxxxx X X xxxxxxxxxxx 41 

Prostate 49 
PreputlaVchtoral gland 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
NNNNNNNNNNNNNNNNNNNNNNNNN •so 

I 

Adenoma, NOS 

Carc1noma, NOS 

1 

NERVouS SYSTEM 
50 


Granular cell tumor, NOS 

Bratn + + + + + + + + + + + + + + + + + + + + + + + + + 

X X 2 

Astrocytoma 
 I 

BODY cAVITIES 
Tun1ca var,naiiS •so+ + + + + + + + + + + + + + + + + + + + + + + + + 

Mesothe 1oma, NOS 
Mesentery N NNNNNNNNNNNNNNNNNNNNNNNN •so 

1 

1 

F1brous h1st1ocytoma, malignant 

Carcmoma, NOS X 

1 

ALL OTHER SYSTEMS 
Multiple organs, NOS N NNNNNNN NNNNNNNNNNNNNNNNN •so 

1Osteoaarcoma 
X X 9Leukemta, mononuclear cell 

• Antmals necropsted 

Chlorinated Paraffins (C2a. 43% Cl) 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 

TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43%CI): LOW DOSE 


~t\~:iR ~lgl~l~l:l!l~l~~~l~lgl~l~l~l11~1!11l~lgl~lgl~lg5 6 5 6 3 4 3 7 I 9 0 5 2 8 4 7 4 I 2 3 4 6 7 8 

WEEKS ON 

STUDY 


I 2 I 6 6 0 0 3 4 6 7 8 8 8 9 0 0 I 5 5 5 5 5 5 5~l~l~l~lil~l~l~l:lil~lil~lil~l~l~l?l~l~l~l~l~l~l~ 
INTEGUMENTARY SYSTEM 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + 

SquamoUB cell paptlloma X 
Tr~choepitheboma X 
Keratoacanthoma 


SubcutaneoUB tl88ue 
 + + + + + + + + + + + + + + + + + + + + + + + + + 
Sarcoma, NOS 
Fibroma X X X 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolarlbr<>nchtolar adenoma 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

HEMAToPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
sr:en + + + + + + + + + + + + + + + + + + + + + + + + + 

ukem1a, mononuclear cell 
+ + + + + + + + + + + + + + + + + + + + + + + + +'rJ:mphnodes

ymUB + + + + + + + + + + + + - + + + + + + + + - + + + 

ciRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Oral cavity NNNNNNNNNNNNNNNNNNNNNNNNN 

SquamoUB cell papllloma 
Sabvary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Llver + + + + + + + + + + + + + + + + + + + + + + + + + 

Neoplastic nodule X 
Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common blle duct N N N N N N NNN N N N N N NNN N N N N NN NN 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 

Acmar cell adenoma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Smaiiintestme 
~=:.:rs 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
Large mtestine + + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Tubular cell adenocarcmoma 

Ur~nary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 
Transit.lonal cell carcmoma 

ENDOCRINE SYSTEM 
Pitwtary + + + + + + + + + + + + + + + + - + + + + + + + + 

Carcmoma, NOS X 

Adenoma, NOS 
 X X X X X 

Cra01opharyngtoma 
 X 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
Cort.lcal adenoma 
Pheochromocytoma X X X X 

Pheochromocytoma, mahgnant 
 X 

Thyroid + + + + + + + + + + + + + + + + + + + + + + + + + 
Folbcular cell adenoma X 
Follicular cell carcmoma X 
C-cell adenoma X X X 
C-cell carcinoma X X X 

Parathyroid + + + + + + + + + + + + + + + + + + + + + + + + + 
Pancreatic 181ete + + + + + + + + + + + + + + + + + + + + + + + + + 

Islet cell adenoma X 
Islet cell carcinoma X 

REPRODUCTIVE SYSTEM 
Mammary gland + + + + + + + + + + + + + + + N + + + + + + + + + 

Fibr<>adenoma X 
+ + + + + + + + + + + + .. + + + + + + + + + + + + 

lnteret.lt.lal cell tumor 
Test.la 

X xxxxxxxx X X X X X X X X X X 
+ + + + + + + + + + + + .. + + + + + + + + + + + + 

Preput.lallchtoral/land 
Prostate 

NNN NN N NNNNNNN NN NNN N NNNNNN 
Carcmoma, NO X 
Adenoma, NOS X 

NNN NN N N N N N NNN NN N N N N N N N N N N 
Mesothehoma, NOS 

Vas deferens, spermat.lc cord 

NERVOUS SYSTEM 
+ + + + + + + + + + + + .. .. .. + + + + + + + + + + 

SPECIAL SENSE oRGANS 

Brain 

NNNNNNNNN + NNNN NN N N N N N N + + N 
Carcinoma, NOS 

Zymbal gland 
X X 

Adenoma, NOS 

BODY cAviTIES 
Tunica valf.nal18 + + + + + + + + + + + + + + + + + + + + + + + + + 

Mesothe Ioma, NOS 

ALL OTHER SYSTEMS 
NNNNNNNNNNNNN N N N N NNNN NNNN 

Mahg lymphoma, lymphocf'c type
Leukemia, mononuclear eel 

Multiple organs, NOS 

X X X X X X X 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

~i1~s'1:~ 
9 0 I 2 6 7 8 9 0 I 3 5 9 2 3 6 7 8 0 I 4 5 8 9 0 

TOTAL 
WEEKS ON 

~I !I 11 ~I ~I r1 AI ~I ~I ~I ~I ~I ~I il il ~I ~I il ~111 ~I ~I :1 :1 g 
TISSUES 

STUDY TUMORS~~~~~lmglglglgi~UiglgUI~glglm~l~lgl~lglglgl~5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

INTEGUMENTARY sYSTEM 
+ + + + + + + + + + + + + + + + + + + + + + + + +Skm •so 

Squamous cell pap1lloma X 2 

Tnchoep1thehoma 
 I 
Keratoacanthoma X I 


Subcutaneous tiSSUe 
 + + + + + + + + + + + + + + + + + + + + + + + + + •so 
Sarcoma, NOS X I 

F1broma 
 X X X 6 

RESPIRAToRY SYSTEM 
Lungs and bronchi 50 


Alveolar/bronchiOlar adenoma 

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

IX 
Trachea 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

HEMATOPOIETIC SYSTEM 
Bone marrow 50 
Stleen 

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

eukemta, mononuclear cell X I 
50 


T ymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + Lbmphnodes 

46+ + + + + + - + + + - + + + + + + + + + + + + + + 
CIRCULAToRY sYSTEM 
Heart 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
DIGESTIVE SYSTEM 
Oralcav1ty NNNNNNNNNNNNNNNNNNNNNNNNN •so 

X 1 

Salivary gland 

~uamoua cell papilloma 

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

LIVer 
 + + + + + + + + + + + + + + + + + + + + + + + + + 50 


Neo/.lutl.c nodule 
 X X 3 

B1le uct 
 + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Gallbladder & common bile duct 
 NNNNNNNNNNNNNNNNNNNNNNNNN •so 
Pancreas 50 


Acmar cell adenoma 

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

X 1 

Esoph:rs 
 49 

Stomac 


+ + + + + + + + + + + + + + + + + + + + + - + + + 
50 


Smallmtestme 

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


Lerge 1nte8tloe 
 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY sYSTEM 
K1dney 50 


Tubular cell adenocarcinoma 

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

X I 
Urmary bladder 50 


Transitional cell carcmoma 

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

IX 

ENDOCRINE SYSTEM 
P1twtary 49 


Carc1noma, NOS 

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

1 

Adenoma, NOS 
 7 

Cran1opharyngtoma 


X X 
1 

Adrenal 50 

Cortical adenoma 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
2 


Pheochromocytoma 

X X 

X X X X X X X X X X X 15 

Pheochromocytoma, mabgnant 
 X 2 

Thyro1d 50 

Follicular cell adenoma 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
1 


Follicular cell carcinoma 
 X 2 

C-cell adenoma 
 4 

C cell carcmoma 


X 
X X 5 

Parathyroid + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Pancreatic LSlete 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

IIslet cell adenoma 
2Islet cell carcmoma X 

REPRODUCTIVE sYStEM' 
•soMammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

IFibroadenoma 
50 


lnterstl.tl.el cell tumor 

TestiS + + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X X X X X X X X X X X X X X xxxxxxx 43 
Prostate 50 
Preputl.allcbtoral gland 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
NNN NNNNNNNNNNNNNNNNNNNNNN 0 50 


Carcmoma, NOS 
 2 

Adenoma, NOS 


X 
3 

Vas deferens, spermatic cord 
X X 

•soNNNNNNNNNNNNNNNNNNNNNNN N N 
2X XMesothelioma, NOS 

NERvoUS sYSTEM 
50Bratn + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE oRGANs 
•soZymbal gland N NN N + + + N + + N NNNN N + + N N N N N NN 

2 

Adenoma, NOS 

Carcmoma, NOS 

1X 

BODY CAviTIEs •so+ + + + + + + + + + + + + + + + + + + + + + + + +Tun1ca vagmaiiB 
1XMesotbeboma, NOS 

ALL OTHER SYSTEMS 
•soNNNNNNNNNNNNNNNN N NNN NNNNNMultlple organa, NOS 

1 

LeukeDlla, mononuclear ce 

Mabg lymphoma, lympb~c type X 

8X 

• Antmala necropsted 

Chlorinated Paraff"ms (C2a. 43% Cl) 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS <C23,43%CI): HIGH DOSE 

NUMBER 

WEEKS ON 
STUDY 

INTEGUMENTARY SYSTEM 
Skm 	 + + + + + + + + + + + + + + + + + + + + + + + + + 

Basal cell tumor X 

Tnchoepithelloma X 

Keratoacanthoma X 


Subcutaneous tlsaue + + + + + + + + + + + + + + + + + + + + + + + + + 
Fibroma X X 
N eurofibrosarcoma 

RESPIRATORY SYSTEM 
Lungs and bronchi 
Trachea 

HEMATOPOIETIC SYSTEM 
Bone marrow 	

s~~b:ma 
Lymph nodes 	
Thymus 	

ciRCULATORY SYSTEM 
Heart 

DIGESTIVE SYSTEM 
Salivary gland 	
Ltver 

Neoplastic nodule 
Bile duct 
Gallbladder & common bile duct 
Pancreas 

Acmar cell adenoma 
Esophagus 
Stomach 
Smallintaetme 
Large intestine 

URINARY SYSTEM 
Kidney 
Urinary bladder 

ENDOcRINE SYSTEM 
Pitwtary 

Carcinoma, NOS 
Adenoma, NOS 

Adrenal 
Pheochromocytoma 	

Thyroid 
C-cell adenoma 
C-cell carcmoma 

Parathyroid 
Pancreatic 18lete 

Islet cell adenoma 

REPRODUCTIVE SYSTEM 
Mammary gland 	
TestiS 	

Interstltial cell tumor 
Prostate 
PreputiaVclltoralgland 

Carcmoma, NOS 

NERVOUS SYSTEM 
Bra1n 	

SPEciAL SENSE oRGANS 
Zymbal gland 

Carcinoma, NOS 

All OTHER SYSTEMS 
Multiple organs, NOS 

Mesothelioma, NOS 
Mallg lymphoma, h18tlocytlc type 
Leukemia, mononuclear cell 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + - + + + + + + + + + + + + + 

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

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

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

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

X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
NNNNNNNNNNNNNNNNNNNNNNNNN 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

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

+ + + + + + + - + + + + + - + + + - + + + + + + + 
X 

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

X XX XX 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 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
NNNNNNNNNNNNNNNNNNNNNNNNN 

X 

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

+NNNNNN++NNNNN+NNNNNNNN+N 
X 

NNNNNNNNNNNNNNNNNNNNNNNNN 
X 

X X 

X X X X X X X X X X X 


Chlorinated Paraffins (C23, 43% Cl) 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 

+ 

+ 

+ 
+ 

+ 

(Continued) 

NUMBER 

WEEKS ON 
STUDY 

INTEGUMENTARY SYSTEM 
Sk1n 

Basal cell tumor 
Tnchoep1thehoma 
Keratoacanthoma 

Subcutaneous tissue 
F1broma 
Neurofibrosarcoma 

RESPIRATORY SYSTEM 
Lungs and bronchi 
Trachea 

HEMATOPOIETic SYSTEM 
Bone marrow 

S~~b~~ma 
Lymph nodes 
Thymus 

ciRCULATORY SYSTEM 
Heart 

DIGESTIVE SYSTEM 
Salivary gland 
L1ver 

Neoplastic nodule 
Bile duct 
Gallbladder & common bile duct 
Pancreas 

Acmar cell adenoma 

~:!~~r 
Smallmtestlne 
Large mtest.lne 

URINARY SYSTEM 
K1dney 
U r1nary bladder 

ENDOCRINE SYSTEM 
P1twtary 

Carcinoma, NOS 
Adenoma, NOS 

Adrenal 
Pheochromocytoma 

Thyroid 
C-cell adenoma 
C-ceII carc1noma 

Parathyroid 
Pancreatic ISleta 

Islet cell adenoma 

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

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

X 
X 

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

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

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + - + - + + - - + + + + + + + + + - + + + 

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

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

+ + + + + + 
NNNNNN 
+ + + + + + 

+ + + + + + + + + + + + + + + + + + + 
NNNNNNNNNNNNNNNNNNN 
+ + + + + + + + + + + + + + + + + + + 

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

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 

REPRODUCTIVE SYSTEM 

Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

TestiS + + + + + + + + + + + + + + + + + + + + + + + + + 

Interstitial cell tumor X X X X X X X X X X X X X X X X X X X 
Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 

~NNNNNNNNNNNNNNNNNNNNNNNNpc"fr~:~~~~~.Nolland 
NERVOUS SYSTEM 
Bra1n + + + + + + + + + + + + + + + + + + - + + + + + + 

SPECIAL SENSE ORGANS 
Zymbal gland 

Carcinoma, NOS 
NNNNNN + NNN + + N + N N N N + + N N N + N 

X 

ALL OTHER SYSTEMS 
Multiple organa, NOS 

Mesothelioma, NOS 
Mahg lymphoma, h18t1oeyt1c type 
Leukemia, mononuclear cell 

NNNNNN 

X X X 

NNNNNNNNNNNNNNNNN NN 

TOTAL 
TISSUES 
TUMORS 

•so 
I 
I 
2

•so 
3 
I 

50 
49 

50 
50 

I 
50 
41 

50 

50 
50 

3 
50

•so 
50 

I 
50 
50 
50 
50 

50 
48 

47 
2 

10 
50 
20 
49 

5 
3 

49 
50 

4 

•so 
50 
39 
50

•so 
I 

49 

•so 
2 

0 50 
I 
2 

14 

• An1mala necrops1ed 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO­
YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23•43%Cl): VEHICLE CONTROL 

NUMBER 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Skm + + + + + + + + + + + + + + + + + + + + + + + + + 

Basal cell tumor 
Keratoacanthoma X 

RESPIRATORY sYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + ~ + + + + + + + 

Alveolar/bronchiolar adenoma 
Trachea + + + + + + + + + + + + + + + + + ~ + + + + + + + 

HEMAToPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + ~ + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + ~ + + + + + + + 

Leukemta, mononuclear cell X 
Lymph nodes + + + + + + + + + + + + + + + + + ~ + + + + + + + 
Thymus + + + + + + + + + - + + + + + + + ~ + + + + + + + 

ciRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + ~ + + + + + + + 

DIGE5'11VE SYSTEM 
Saltvary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 

Neoplaatlc nodule X 
B1leduct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common b1le duct NNNNNNNNNNNNNNNNNNNNNNNNN 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 
Smallmtest1ne + + + + - + + + + + + + + + + + + + + + + + + + + 
Large mtestme + + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 
Urmary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCMNE SYSTEM 
P1twtary + + + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS X X 
Adenoma, NOS X X X X X X X X X X X 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
Cortical adenoma 
Pheochromocytoma X 

Thyro1d + + + + + + + + + + + + + + + + + + + + + + + + + 
Folhcular cell carcinoma X 
C-cell adenoma 
C cell carcmoma X X X X 

Parathyroid + + + + + + + + + + + + + + + + - + + + + + + 

REPRODUCTIVE SYSTEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenoma, NOS 
Adenocarcmoma, NOS X 
F1broadenoma X X X X X 

Preputlal/chtoralgland NNNNNNNNNNNNNNNNNNNNNNNNN 
Carcmoma, NOS X 

Utarus + + + + + + + + + + + + + + + + + + + + + + + + + 
Adenoma, NOS 
Endometrial stromal polyp X X X 

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 

NERVOUS SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 

Carcmoma, NOS, mvaa1ve X 

MOSCutoSKELETAtSVSTEM 
Muscle + + + + + + + + + + + + + + + + + + + + + + + + + 

Hemangtoaarcoma X 

ALL OTHER SYSTEMS 
Multiple organa, NOS NNNNNNNNNNNNNNNNNNNNNNNNN 
Squamous cell carcmoma X 
Leukenua, mononuclear cell X X X X X X 

+ T1aaue Exanuned MlcroiCOplcally No T181ue Information Subm1tted 
Rilqwred T~Mue Not Examtned Mlcroacoplcally c Necropsy, No H~atology Due To Protocol 

X Tumor lnc1denc:e A Autolya~a 
N Necropsy, No Autolya~a, No M1croacop1c Exammatton M An1mal M181mg 
s Ammal MISIIBxed B No Necropsy Performed 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE 
CONTROL (Continued) 

NUMBER 

TOTAL: 
WEEKS ON TISSL'ES 
STUDY TUMORS 

INTEGUMENTARY SYSTEM 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + •so 

Basal cell tumor X I 
Keratoacanthoma I 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 50 


Alveolar/bronchiolar adenoma X I 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 


HEMAToPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + - + + + + + + + 49 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50 


Leukemia, mononuclear cell I 

Lymph node• + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Thymus + + + + + + + + + + + + + + + + + + + + + + + + + 49 


cikcuLAToRY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

DiGESTivE SYSTEM 
Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50 


Neoplutic nodule I 

Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Gallb!.dder a. common bile duct N N N N N N N N N N N N N N N N N N N N N N N N N •so 

Pancreu + + + + + + + + + + + + + + + + + + + + + + + + + 50 

EeophaiUS + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Small inteatine + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Large inteatine + + + + + + + + + + + + + + + + + + + + + + + + + 50 


URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

ENDOCRINE sVsTI!!M 
Pituitary + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Carcinoma, NOS X 3 
Adenoma, NOS X X X X X X X X X X X 22 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Cortical adenoma X I 
Pheochromocytoma I 

Thyroid + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Follicular cell carcinoma I 
C-cell adenoma X X X X X 5 
C-cell carcinoma 4 

Parathyroid + + + + + + + + + + + + + + + + + + + + + - + + + 48 

REPRODUCTivE SYSTEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + •so 

Adenoma, NOS X I 
Adenocarcinoma, NOS X X 3 
Fibroadenoma X X X X X X X X X 14 

PreputiaVclitoral_aland NNNNNNNNNNNNNNNNNNNNNNNNN •.so 
Carcinoma, NOS I 

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Adenoma, NOS X 1 
Endometrial stromal polyp X X X X X X 9 

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 50 

NERvoUS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Carcinoma, NOS, invuive I 

MUSCULoSR!LEfAL SYSTEM 
MUKle + + + + + + + + + + + + + + + + + + + + + + + + + •so 

Hemangio88rcoma I 

ALL oTR!R SYSTEMS 
Multiple organa, NOS N N N N N N N N N N N N N N N N N N N N N N N N N •.so 

Squamous cell carcinoma I 
Leukemia, mononuclear cell X 7 

• Animail necropsied 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 
TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23•43%Cll: LOW DOSE 

NUMBER 

WEEKS ON 

STUDY 


INTEGUMENtARY SYSTEM 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + 

Squamou.a cell papilloma 
Subcutaneou.a tiuue + + + + + + + + + + + + + + + + + + + + + + + + + 

Sarcoma, NOS X 
Fibroma 
Fibrosarcoma X 

REsPIRATORY SYSTEM 
Lungaand bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Pheochromocytoma, metutatic X 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

HEMATOPOIEtiC SYStEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 

Malic. lymphoma, hiatiocytic type X 
Leukemia, mononuclear cell X 

Lrmphnodea + + + + + + + + + + + + + + + + + + + + + + + + + 
Sarcoma, NOS, invuive X 

Thymu.a + + + + + + + + + + + + + + + + + + + + + + + + + 

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

biOESTivE SYSTEM 
Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 

Neoplutic nodule X X 
Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common bile duct NNNNNNNNNNNNNNNNNN N N N N N N N 
Pancreu + + + + + + + + + + + + + + + + + + + + + + + + + 
Eaophagu.a + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 
Small intaltine + + + + + + + + + + + + + + + + + + - + + + + + + 
Larce inteatine + + + + + + + + + + + + + + + + + + - + + + + + + 

URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

Endometrial stromal sarcoma, in X 

ENDOCRINE sYSTEM 
Pituitary + + + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS X X 
Adenoma, NOS X X X X X X X X X X 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
Pheochromocytoma X X 
Pheochromocytoma, malicnant X 

Thyroid + + + + + + + + + + + + + + + + + + + + + + + + + 
Follicular cell carcinoma X 
C-eell adenoma X X X 
C·cell carcinoma X X 

Parathyroid + + + + + + + + + + + + + + + + + + + + + + - - + 

R!PRObOCTivE SYSTEM 
Mammary eland + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenocarcinoma, NOS X X 
Fibroadenoma X X X X X X X 

lltarue + + + + + + + + + + + + + + + + + + + + + + + + + 
!!quamoue cell carcinoma X 
Endometrial stromal polyp X X X X X X X X X 
Endometrial stromal sarcoma X X 

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 

NERvOUS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

ALL OTRER SYSTEMS 
Multiple organa, NOS NNNNNNNNNNNNNNNNNNNNNNNNN 

Lauiemia, mononuclear cell X X X X X X 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

NUMBER 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + 

Squamous cell papilloma X 
Subcutaneous tissue + + + + + + + + + + + + + + + + + + + + + + + + + 

Sarcoma, NOS 
Fibroma X 
Fibrosarcoma 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Pheochromocytoma, metastatic 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

HEMATOPOIEtic SYSTEM 

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 


Malig. lymphoma, hiatiocytic type 
Leukemia, mononuclear cell 

Lymphnodea + + + + + + + + + + + + + + + + + + + + + + + + + 
Sarcoma, NOS, invasive 

Thymus + + + + + + + + + + + + - + + - + + + - + + - + + 

CIRCuLAtoRY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DIGEStiVE SYSTEM 
Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 

Neoplastic nodule 
Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder &common bile duct N N N N N N N N N N N N N N N N N N N N N N N N N 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 
Small intestine + + + + + + + + + + + + + + + + + + + + + + + + + 
Large intestine + + + + + + + + + + + + + + + + + + + + + + + + + 

uRINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

Endometrial stromal sarcoma, invaa 

ENDOCRINE sYsTEM 
Pituitary + + + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS 
Adenoma, NOS X X X X X X X X 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
Pheochromocytoma X 
Pheochromocytoma, malignant 

Thyroid + + + + + + + + + + + + + + + + + + + + + + + 
Follicular cell carcinoma 
C·cell adenoma X X 
C·cell carcinoma X X X 

Parathyroid - + + + + + + + + + + + + + + + + + + + + + + + + 

REPRODUctiVE SVStEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenocarcinoma, NOS 
Fibroadenoma X X X X X X 

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 
Squamous cell carcinoma 
Endometrialatromal polyp X X X X X X X X 
Endometrialatromal sarcoma 

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 

NERVouS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

ALL otHER SYSTEMS 
Multiple organa, NOS NNNNNNNNNNNNNNNNNNNNNNNNN 

Leukemia, mononuclear cell X X X 

TOTAL: 
TISSUES 
TUMORS 

•so 
I

•so 
I 
I 
I 

50 
I 

50 

50 
50 

I 
I 

50 
I 

46 

50 

50 
50 
2 

50
•so 
.50 
50 
50 
49 
49 

50 
50 

I 

50 
2 

18 
50 

3 
I 

48 
1 
5 
5 

47 

•so 
2 

13 
50 

I 
17 
2 

50 

50 

•so 
9 

• Animab necropsied 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 
TWO· YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23• 43% Cll: MID DOSE 

+ 

+ 

+ 

+ 
+ 

+ 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Subcutaneoua tiuue 

C-cell carcinoma. invasive 
Fibroma 

RESPIRATORY SYSTEM 
Lungs and bronchi 

Squamous cell carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
C·cell carcinoma, metastatic 

Trachea 
C-cell carcinoma, invasive 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Spleen 

Ostaourcoma, metastatic 
Lymph nodes 
Thymua 

CIRCULAToRY SYSTEM 
Heart 

DIGESTIVE SYSTEM 
Salivary gland 
Liver 

Neoplutic nodule 
Bile duct 
Gallbladder &. common bile duct 
Pancreu 
Eaophagua 
Stomach 

Squamoua cell papilloma 
Small inteetine 
Large intestine 

Leiomyourcoma 

ORlNAitY SYSTEM 
Kidney
Urinary bladder 

ENDOCRINE SYSTEM 
Pituitary

Carcinoma, NOS 
Adenoma, NOS 

Adrenal 
Pheochromocytoma 

Thyroid 
C-cell adenoma 
C-cell carcinoma 

Parathyroid 

REPRoOOCTIVE SYSTEM 
Mammary gland 

Fibroadenoma 
Preputial/clitoral gland 

Carcinoma, NOS 
Squamous cell carcinoma 

Utarua 
Fibroma 
Endometrial stromal polyp 

Ovary 
Granulou cell carcinoma 

NERVOUS SYSTEM 
Brain 

MUSCULOSKELETAL SYSTEM 
MWJCle 

Ostaourcoma 

ALL oTREit SYSTEMS 
Multiple orca111, NOS 

C-ceU carcmoma, metastatic 
Leukemia, mononuclear cell 

+ + + N + + + + + + + + + + + + + + + + + + + + 

X 

+ + + + + + + + + + + + + + + + + + + + + + - + 
X 

X 
X 

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

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

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

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

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

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
N N N N N N N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

X 

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

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

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

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

X 

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

+ + + N + + + + + + + + + + + + + + + + + + + + + 
X X X X 

NNNNNNNNNNNNNNNNNNNNNNNNN 
X 

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

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

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

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

NNNNNNNNNNNNNNNNNNNNNNNNN 

X X X X X X X 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: MID DOSE 
(Continued) 

~~kr~AELR 
567890123678012578924680 

TOTAL: 
WEEKS ON 

il~l~l~l~l~lgl~l~l~l~l~l~l~l~l~l~l~l~l~l~l~il:lg 
TISSUES 

STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMORS 
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5llllllllllllllllll~lll~l~l~l~l~l~l~lllllll~l}lll 

1 

!N'TEGUMENTARY SYSTEM 
Subcutaneous ti111ue + + + + + + + + + + + + + + + + + + + + + + + + + •so 

C-cell carcinoma, invasive X I 
Fibroma I 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 49 


Squamous cell carcinoma, metastatic 
 I 
XAlveolar/bronchiolar adenoma 2 


Alveolar/bronchiolar carcinoma 
 I 
C-cell carcinoma, metastatic X I 

+ + + + + + + + + + + + + + + + + + + + + + + + + Trachea 50 

C-cell carcinoma, invasive 
 X I 

HEMATOPOIETIC SYSTEM 
Bone marrow 50 
Spleen 

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

Osteosarcoma, metaatatic I 
50 

T ymus 
Lhmphnodes + + + + + + + + + + + + + + + + + + + + + + + + + 

49+ + + + - + + + + + + + + + + + + + + + + + + + + 

CIRCULATORY SYSTEM 
Heart 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Salivary gland 50 
Liver 

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


N e':f..lastic nodule 

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

I 
Bile uct 50 
Gallbladder & common bile duct 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
N NNNNNNNNNNNNNNNNN N N N N N N N •so 

Pancreas 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
50Esopha~us + + + + + + + + + + + + + + + + + + + + + + + + + 

Stomac 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
Squamous cell papilloma I 

Small intestine 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
Large intestine 50 


Leiomyosarcoma 

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

I 

URINARY sYSTEM 
Kidney 50 
Urinary bladder 

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

ENDOCRINE SYSTEM 
Pituitary 50 


Carcinoma, NOS 

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

I 
Adenoma, NOS X X X X X X X 18 

Adrenal 50 

Pheochromocytoma 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X X X 6 

Thyroid 50 

C-cell adenoma 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X X X 5 


C-cell carcinoma 
 X X 2 
Parathyroid 48+ + + + + + + - + + + + + + + + + + + + - + + + + 

REPRODUCTIVE SYSTEM 
Mammary gland •so+ + + + + + + + + + + + + + + + + + + + + + + + + 

Fibroadenoma X X X X 
PreputiaVclitoral gland •so8 

N N N N N NNN N N N N N N N N N N N N N N N N N 
Carcinoma, NOS 1 

Squamous cell carcinoma 
 1 

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Fibroma 
 1 

Endometrial stromal polyp 


X 
10 

Ovary 
X X X X X X X 

50 

Granulosa cell carcinoma 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
1X 

NERVoUs sYSTEM 
Brain 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

MUSCULosKELETAL SYSTEM 
Muscle •so+ + + + + + + + + + + + + + + + + + + + + + + + + 

1Osteosarcoma 

ALL OTHER SYSTEMs 
Multi~le or.-ns, NOS NNNNNNNNNNNNN N NNNNNNNNNNN •so 

X 1C-ce I carc1noma, metastatic 
7Leukemia, mononuclear cell 

• Animals necropsied 

Chlorinated Paraffins (C2a. 43% Cl) 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 
TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23•43%CI): HIGH DOSE 

NUMBER 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + 

Squamous cell carcinoma X 
Keratoacanthoma 

Subcutaneous tisaue + + + + + + + + + + + + + + + + + + + + + + + + + 
Sarcoma, NOS X 
Fibroma X 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolar/bronchiolar adenoma X 
Alveolar/bronchiolar carcinoma 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 
Lymphnodea + + + + + + + + + + + + + + + + + + + + + + + + + 
Thymus + + + + + + + - + + + + + + + + + + - + + + + + ­

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DiCESTivt SYSTEM 
Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 

Neoplastic nodule X X 
Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common bile duct NNNNNNNNNNNNNNNNNNNNNNNNN 
Pancreaa + + + + + + + + + + + + + + + + + + + + + + + + + 
Esopharua + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 
Small intestine + + + + + + + + + + + + + + + + + + + + + + + + + 
Large intestine + + + + + + + + + + + + + - + + + + + + + + + + + 

URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 

Malic. lymphoma, hiltioc:ytic type 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

Transitional cell carcinoma 

ENDOCRINE SYSTEM 
Pituitary + + + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS X 
Adenoma, NOS X X X X X X X X X X 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
Cortical adenoma X 
Pheochromocytoma X X X X 

Thyroid + + + + + + + + + + + + + + + + + + + + + + + + + 
C-celladenoma 
C-cell carcinoma X 

Parathyroid + + + + + + + + + + + + + - + + + + + + + + + + + 
Pancreatic illeta + + + + + + + + + + + + + + + + + + + + + + + + + 

Islet cell adenoma 

REPROOOCTlvE SYSTEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

Fibroadenoma X X X X 
Preputial/clitoral eland NNNNNNNNNNNNNNNN NNNNNNNNN 

Carcinoma, NOs- X 
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 

Endometrial stromal polyp X X X X 
Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 

NERvOuS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS, invuive X 
Malignant reticuloail X 

ALL OTHER SYSTEMS 
Multiple organa, NOS NNNNNNNNNNNNNNNNNNNNNNNNN 

Malle. lymphoma, lymphocytic type 
Leukemia, mononuclear cell X X X X X X 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

TOTAL: 
WEEKS ON TISSUES 
STt.:DY TUMORS 

IS'TEdUMENTARY SYSTEM 
Skin + + + + + + + + + + + + + + + + + + + + + + + + + •so 


Squamous cell carcinoma I 

Keratoacanthoma X l 


Subcutaneoua tiuue + + + + + + + + + + + + + + + + + + + + + + + + + •so 

Sarcoma, NOS I 

Fibroma 1 


RESPIRATORY SYSTEM 
Lunp and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Alveolar/bronchiolar adenoma 1 
Alveolar/bronchiolar carcinoma X 1 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 50 

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lymph nodes + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Thymua - + + + + + + + + + + + + + + + + + + + + + + - + 45 

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

DiGESTivE SYSTEM 
Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Neoplastic nodule 2 
Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Gallbladder & common bile duct NNNNNNNNNNNNNNNNNNNNNNNNN •so 
Pancreu + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Esophacua + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Small intestine + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Large intestine + + + + + + + + + + + + + + + + + + + + + + + + + 49 

URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Malig. lymphoma, hiatiocytic type X 1 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Tranaitional cell carcinoma X 1 

ENDOCRINE SYSTEM 
Pituitary + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Carcinoma, NOS X 2 
Adenoma, NOS X X X X X X X X 18 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Cortical adenoma 1 
Pheochromocytoma X X X 7 

Thyroid + + + + + + + + + + + + + + + + + + + + + + + + + 50 
C-cell adenoma X X X 3 
C·cell carcinoma 1 

Parathyroid + + + + + + - + + + + + + + + + + + + + + + + + + 48 
Pancreatic isleta + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Islet cell adenoma X 1 

REPROOUCTIVE SYSTEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + •so 

Fibroadenoma X X X X 8 
Preputial/clitoral_-land NNNNNNNNNNNNNNNNNNNNNNNNN •so 

Carcinoma, NOS 1 
Uterua + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Endometrial stromal polyp X X X X X X 10 
Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 50 

NERVOUS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + so 

Carcinoma, NOS, iavaaive 1 
MaliiJII&Dt reticuloaia 1 

ALL OTHER SYSTEMS 
Multiple organ~, NOS NNNNNNNNNNNNNNNNNNNNNNNNN •so 

Mahg. lymphoma, lymphocytic type X 1 
Leukemia, mononuclear cell X X 8 

• Anima Ia necropaied 

Chlorinated Paraffins (C2a. 43% Cl) 
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APPENDIX B 


SUMMARY OF THE INCIDENCE OF NEOPLASMS 


IN MICE IN THE TWO-YEAR GAVAGE STUDIES 


OF CHLORINATED PARAFFINS (C2a, 43%CHLORINE) 


Chlorinated Paraffins (C2a, 43% Cl) 
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23• 43%Cl) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
*Skin (50) (50) (50) 

Squamous cell papilloma 2 (4%) 
Sebaceous adenoma 1 (2%) 
Rhabdomyosarcoma 1 (2%) 

•subcutaneous tissue (50) (50) (50) 
Sarcoma, NOS 2 (4%) 4 (8%) 3 (6%) 
Fibroma 2 (4%) 6 (12%) 2 (4%) 
Fibrosarcoma 5 (10%) 5 (10%) 3 (6%) 
Neurofibrosarcoma 1 (2%) 
Neurilemoma 1 (2%) 

RESPIRATORY SYSTEM 
#Lung (50) (50) (50) 

Carcinoma, NOS, metastatic 1 (2%) 
Hepatocellular carcinoma, metastatic 2 (4%) 1 (2%) 3 (6%) 
Alveolar/bronchiolar adenoma 9 (18%) 5 (10%) 9 (18%) 
Alveolar/bronchiolar carcinoma 2 (4%) 5 (10%) 5 (10%) 
Follicular cell carcinoma, metastatic 1 (2%) 
Sarcoma, NOS, metastatic 1 (2%) 
Fibrosarcoma, metastatic (2%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50) 

Malignant lymphoma, lymphocytic type 1 (2%) 2 (4%) 
Malignant lymphoma, histiocytic type 3 (6%) 
Malignant lymphoma, mixed type 4 (8%) 6 (12%) 8 (16%) 

#Spleen (49) (49) (50) 
Malignant lymphoma, mixed type 2 (4%) 1 (2%) 

#Mandibular lymph node (50) (50) (50) 
Carcinoma, NOS, metastatic 1 (2%) 

#Mediastinal lymph node (50) (50) (50) 
Sarcoma, NOS, metastatic 1 (2%) 

#Mesenteric lymph node 
Malignant lymphoma, lymphocytic type 
Malignant lymphoma, mixed type 

(50) 

1 (2%) 

(50) 
1 
2 

(2%) 
(4%) 

(50) 
1 (2%) 

#Inguinal lymph node (50) (50) (50} 
Fibrosarcoma, metastatic 1 (2%) 

#Liver (50) (50) (50} 
Malignant lymphoma, NOS 1 (2%) 

#Small intestine (47) (50) (48) 
Malignant lymphoma, mixed type 1 (2%) 

CIRCULATORY SYSTEM 
*Multiple organs (50) (50) (50) 

Hemangiosarcoma 1 (2%) 
*Skin (50} (50) (50) 

Hemangiosarcoma 
#Spleen 

Hemangiosarcoma 
#Heart 

1 (2%) 
(49) 

1 (2%) 
(50) 

(49) 
2 

(49) 
(4%) 

(50) 
2 

(50) 
(4%) 

Hemangiosarcoma 1 (2%} 
#Liver (50) (50) (50) 

Hemangiosarcoma 3 (6%} 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM 
#Salivary gland (50) (49) (49) 

Myoepithelioma 1 (2%) 
#Liver (50) (50) (50) 

Hepatocellular adenoma 10 (20%) 14 (28%) 14 (28%) 
Hepatocellular carcinoma 9 (18%) 12 (24%) 12 (24%) 
Hepatoblastoma 1 (2%) 

#Forestomach (50) (50) (50) 
Squamous cell papilloma 1 (2%) 

#Ileum (47) (50) (48) 
Adenocarcinoma, NOS 1 (2%) 

URINARY SYSTEM 
#Kidney (50) (50) (50) 

Tubular cell adenocarcinoma 1 (2%) 
#Urinary bladder (50) (50) (50) 

Transitional cell papilloma 1 (2%) 

ENDOCRINE SYSTEM 
#Adrenal 

Cortical adenoma 
#AdrenaVcapsule 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma 
#Thyroid 

Follicular cell adenoma 
Follicular cell carcinoma 

#Pancreatic islets 
Islet cell adenoma 

(49) (50) (47) 
2 (4%) 

(49) (50) (47) 
4 (8%) 2 (4%) 

(49) (50) (47) 
1 (2%) 4 (8%) 1 (2%) 

(49) (48) (49) 
1 (2%) 3 (6%) 2 (4%) 

3 (6%) 
(50) (50) (50) 

1 (2%) 

REPRODUCTIVE SYSTEM 
#Testis (50) (50) (50) 

Interstitial cell tumor 1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
•Harderian gland (50) (50) (50) 

Adenoma, NOS 3 (6%) 3 (6%) 2 (4%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
•Mediastinum (50) (50) (50) 

Hepatocellular carcinoma, metastatic 1 (2%) 
•Mesentery (50) (50) (50) 

Hepatocellular carcinoma, invasive 1 (2%) 
Sarcoma, NOS (2%) 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE 81. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Carcinoma, NOS . 1 (2%) 
Hepatocellular carcinoma, metastatic (2%) 
Alveolar/bronchiolar ca, metastatic (2%) 
Mesothelioma, malignant (2%) 

Orbital region 
Carcinoma, NOS 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 

Natural death 10 
Moribund sacrifice 11 
Terminal sacrifice 28 
Accidentally killed, NOS 1 

TUMOR SUMMARY 
Total animals with primary tumors•• 43 

Total primary tumors 65 
Total animals with benign tumors 26 

Total benign tumors 32 
Total animals with malignant tumors 29 

Total malignant tumors 33 
Total animals with secondary tumors## 6 

Total secondary tumors 7 

• Number of animals necropsied 
•• Primary tumors: all tumors except secondary tumors 
#Number ofanimals with tissue examined microscopically 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 

50 
6 
6 

36 
2 

41 
81 
28 
38 
32 
43 
3 
4 

50 
11 
11 
28 

43 
86 
30 
38 
37 
48 

5 
7 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE 82. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 49 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 49 50 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue (50) (49) (50) 

Sarcoma, NOS 1 (2%) 
Fibrosarcoma 1 (2%> 1 (2%) 
Neurilemoma, malignant 1 (2%) 

RESPIRATORY SYSTEM 
#Lung (50) (49) (50) 

Adenocarcinoma, NOS, metastatic 1 (2%) 
Alveolar/bronchiolar adenoma 1 (2%) 2 (4%) 3 (6%) 
Alveolar/bronchiolar carcinoma 2 (4%) 1 (2%) 
Sarcoma, NOS, invasive 1 (2%) 

HEMATOPOIETIC SYSTEM 
"'Multiple organs (50) (49) (50) 

Malignant lymphoma, undiffer type 1 (2%) 
Malignant lymphoma, lymphocytic type 5 (10%) 2 (4%) 6 (12%) 
Malignant lymphoma, histiocytic type 2 (4%) 
Malignant lymphoma, mixed type 10 (20%) 9 (18%) 8 (16%) 

#Spleen (49) (49) (50) 
Malignant lymphoma, NOS 1 (2%) 
Malignant lymphoma, mixed type 1 (2%) 

#Liver (50) (49) (50) 
Malignant lymphoma, mixed type 1 (2%) 

#Small intestine (48) (46) (50) 
Malignant lymphoma, mixed type 1 (2%) 

CIRCULATORY SYSTEM 
"'Vaginal mucosa (50) (49) (50) 

Hemangiosarcoma 1 (2%) 
#Uterus (50) (48) (50) 

Hemangioma 1 (2%) 1 (2%) 
Hemangiosarcoma, unc prim or met 1 (2%) 

DIGESTIVE SYSTEM 
#Parotid gland (48) (49) (49) 

Adenocarcinoma, NOS 1 (2%) 
#Liver 
 (50) (49) (50) 

Hepatocellular adenoma 
 3 (6%) 2 (4%) 7 (14%) 
Hepatocellular carcinoma 
 1 (2%) 1 (2%) 6 (12%) 

#Esophagus (49) (49) (50) 
Squamous cell carcinoma 1 (2%) 

#Glandular stomach (49) (47) (50) 
Squamous cell carcinoma, invasive 1 (2%) 

#Forestomach (49) (47) (50) 
Squamous cell papilloma 2 (4%) 1 (2%) 

#Duodenal mucosa 
 (48) (46) (50) 
Adenocarcinoma, NOS 
 1 (2%) 
Adenoma to us polyp, NOS 
 1 (2%) 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO·YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

URINARY SYSTEM 
#Kidney (50) (49) (50) 

Tubular cell adenocarcinoma 1 (2%) 1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary (46) (46) (45) 

Acidophil adenoma 1 (2%) 
#Anterior pituitary (46) (46) (45) 

Carcinoma, NOS 1 (2%) 
Adenoma, NOS 12 (26%) 8 (17%) 15 (33%) 

#Adrenal (50) (49) (50) 
Cortical adenoma 1 (2%) 

#Adrenal/capsule (50) (49) (50) 
Adenoma, NOS 1 (2%) 

#Adrenal medulla (50) (49) (50) 
Pheochromocytoma 1 (2%) 1 (2%) 1 (2%) 

#Thyroid (49) (47) (49) 
Follicular cell adenoma 7 (14%) 4 (9%) 5 ( 10%) 
Follicular cell carcinoma 2 (4%) 

#Pancreatic islets (49) (48) (50) 
Islet cell adenoma 1 (2%) 
Islet cell carcinoma (2%) 

REPRODUCTIVE SYSTEM 
•Mammary gland (50) (49) (50) 

Adenocarcinoma, NOS 1 (2%) 1 (2%) 1 (2%) 
Adenosquamous carcinoma 1 (2%) 

#Uterus (50) (48) (50) 
Leiomyosarcoma 1 (2%) 
Endometrial stromal polyp 3 (6%) 

#Cervix uteri (50) (48) (50) 
Leiomyoma 1 (2%) 
Endometrial stromal sarcoma 1 (2%) 

#Ovary (46) (42) (47) 
Teratoma, NOS 1 (2%) 

NERVOUS SYSTEM 
#Brain (50) (49) (50) 

Carcinoma, NOS, invasive 1 (2%) 

SPECIAL SENSE ORGANS 
"'Harderian gland 

Carcinoma, NOS 
(50) (49) 

1 (2%) 
(50) 

Adenoma, NOS 4 (8%) 2 (4%) (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
"'Mediastinum 

Sarcoma, NOS 
(50) 

1 (2%) 
(49) (50) 

Chlorinated Paraffins CC23, 43% Cl) 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 16 16 15 
Moribund sacrifice 13 11 14 
Terminal sacrifice 21 22 20 
Accidentally killed, NOS 1 1 

TUMOR SUMMARY 
Total animals with primary tumors•• 32 

Total primary tumors 62 
Total animals with benign tumors 22 

Total benign tumors 35 
Total animals with malignant tumors 23 

Total malignant tumors 27 
Total animals with secondary tumors## 1 

Total secondary tumors 1 
Total animals with tumors uncertain-­


benign or malignant 

Total uncertain tumors 


Total animals with tumors uncertain-­

primary or metastatic 


Total uncertain tumors 


29 38 
44 69 
18 24 
23 35 
18 27 
20 33 
1 2 
1 2 

1 
1 

1 
1 

• Number of animals necropsied 
•• Primary tumors: all tumors except secondary tumors 
# Number of animals with tissue examined microscopically 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO­
YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43%Cl): VEHICLE CONTROL 

NUMBER 

WEEKS ON 
STUDY 

INTEGUMENTARY SYSTEM 
Skin + + + + + + N + + + + + + + + + + + + + + + + + + 

Squamous cell papilloma X 
Hemangiosarcoma 

Subcutaneous tissue + + + + + + N + + + + + + + + + + + + + + + + + + 
Sarcoma, NOS X 
Fibroma X 
Fibrosarcoma X X 
Neurofibrosarcoma X 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS, metastatic X 
Hepatocellular carcinoma, metastatic X X 
Alveolar/bronchiolar adenoma X 
Alveolar/bronchiolar carcinoma X X 
Fibrosarcoma, metastatic X 

Trachea + + + + - - + + + + + + + + + + + + + + + + + + + 

HEMATOPOIETIC sYSTEM 

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

Spleen + + + - + + + + + + + + + + + + + + + + + + + + + 


Hemangiosarcoma 
Lymph nodes + + + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS, metastatic X 
Fibrosarcoma, metastatic 
Malignant lymphoma, mi><ed type X 

Thymus + + + + - - + + + - + + - - + + + + - + + + ­

CIRCULATORY SYSTEM 

Heart + + + + + + + + + + + + + + + + + + + + + + + + + 


Hemangiosarcoma 

DiGESTIVE sYSTEM 

Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

Liver + + + + + + + + + + + + + + + + + + + + + + + + + 


Hepatocellular adenoma X X X 

Hepatocellular carcinoma X X X X X X X 

Hemangiosarcoma X X 

Malignant lymphoma, NOS X 


Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 

Gallbladder & common bile duct + N + N + N + N + + + + + + + + N + + + + + + + + 

Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 


+ + + + + + + + + + + + + + + + + + + + + + + + +
~~~~~~WI + + + + + + + + + + + + + + + + + + + + + + + + + 

Small intestine + + + + + + - + - + + + + + + + + + + + + - + + + 

Large intestine + + + - + + - + + + + + + + + + + + + + + + + + + 


URINARY sYSTEM 

Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 

Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE SYSTEM 

Pituitary + + - + + + + + - + + + + + + + + + + + + - + + + 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 


Adenoma, NOS X 
Pheochromocytoma 

Thyroid + + + + + - + + + + + + + + + + + + + + + + + + + 
Follicular cell adenoma 

Parathyroid + + + + - - - + + + - + + + + + + + + + + + + + + 

REPRODUCTIVE SYSTEM 
Mammary gland NN+NNNNNNNNNNNNNNNNNNNNNN 
Testis + + + + + + + + + + + + + + + + + + + + + + + + + 
Prostate + + + + - + + + + + + + + + + + + + + + + + + + + 

NERVOUS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE ORGANS 
Harderian gland NNNNNNNNNNNNNNNNNNNNNNNNN 

Adenoma, NOS X 

ALL OTHER SYSTEMS 
Multiple organs, NOS NNNNNNNNNNNNNNNNNNNNNNNNN 

Alveolar/bronchiolar ca, metastatic X 
Hemangiosarcoma X 
Malignant lymphoma, mixed type X X X 

Orbital region 
Carcinoma, NOS X 

+ 

X 

Tissue Examined Microscopically 
Required Tissue Not Examined Microscopically 
Tumor Incidence 

c 
A 

No Tissue Information Submittad 
Necropsy, No Histology Due To Protocol 
Autolysis 

N 
s 

Necropsy, No Autolysis, No Microscopic Ez:amination 
Animal Missexed 

M 
B 

Animal Missing 
No Necropsy Performed 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE 
CONTROL (Continued) 

~~~B'1LR 

WEEKS ON 
STUDY 

gjg//lil!l!l!l~l!l~~l~l~l~l~l~l~lll~l~lil~l!l~l~912456781234579245780470 

g/g/g/g/gU/g/g/g/g/g/g/gU/g/g/~~~~gj~giN 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

TOTAL: 
TISSUES 
TUMORS 

---­
•so 

2 
I

•so 
2 
2 
5 
I 

---­
50 

I 
2 
9 
2 
I 

47 

---­
50 
49 

I 
50 

I 
I 
I 

34 
---­

50 
I 

---­
50 
50 
10 
9 
3 
I 

50
•so 
50 
50 
50 
47 
48 

---­
50 
50 

---­
43 
49 

4 
I 

49 
I 

43 

---­
•so 
50 
49 

---­
50 

---­
•so 

3 
---­

•so 
1 
1 
4 

1 

---­

INTEGUMENTARY SYSTEM 
Skin 

Squamous cell papilloma 
Hemangiosarcoma 

Subcutaneous tissue 
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Neurolibroaarcoma 

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

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

X 
X 

X X X 

RESPIRATORY SYSTEM 
Lungs and bronchi 

Carcinoma, NOS, metastatic 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic 

Trachea 

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

X X X X X X X X 

+ + + + + + + + + + + + + + + + + + + - + + + + + 

HEMATOPOIETIC SVStEM 
Bone marrow 
S~een 

emangiosarcoma 
Lymph nodes 

Carcinoma, NOS, metastatic 
Fibrosarcoma, metastatic 
Malignant lymphoma, mixed type 

Thymus 

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

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

X 

- - - + + + + + + + + + + - + + + + + + + - + - -
CIRCULAtoRY SYSTEM 
Heart 

Hemangiosarcoma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

DIGESTIVE SYSTEM 
Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangiosarcoma 
Malignant lymphoma, NOS 

Bile duct 
Gallbladder & common bile duct 
Pancreas 
Esophar"
Stomac 
Small intestine 
Large intestine 

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

X X X X X X X 
X X 

X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
N + + + + + + N + + + + + + + + + + NN + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
Kidney
Urinary bladder 

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

ENDOCRINE SYSTEM 
Pituitary 
Adrenal 

Adenoma, NOS 
Pheochromocytoma 

Thyroid 
Follicular cell adenoma 

Parathyroid 

+ + + + + + + + + - - + + + + - + + + + + - + + + 
+ + + + + + + + + + + - + + + + + + + + + + + + + 

X X X 
X 

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

+ + + + + + + + + + + + + + + + + + + - + - + - + 

REPRODUCTivE SYSTEM 
Mammary gland 
Testis 
Prostate 

NERVOUS SYSTEM 
Brain 

N N N NNN N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

SPECIAL SENSE ORGANS 
Harderian gland 

Adenoma, NOS 

ALL OTHER SYSTEMS 
Multiple organs, NOS 

Alveolar/bronchiolar ca, metastatic 
Hemangiosarcoma 
Malignant lymphoma, mixed type 

Orbital region 
Carcinoma, NOS 

NNNNN N N N N N N N N N N N N N N N N N N N N 
X X 

N NNNNNNNNNNNNNNN NNNNNN NN N 

X 

• Animals necropsied 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 

TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43%Cl): LOW DOSE 


NUMBER 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Subcutaneous t1ssue + + + + + + + + + + + + + + + + + + + + + + + + + 

Sarcoma, NOS X X X 
F1broma X 
F1broasrcoma X X X X X 
Neurtlemoma 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular carcmoma, metastatic X 
Alveolaribronch10lar adenoma 

Alveolaribronch10lar carcmoma 
 X X X 
Sarcoma, NOS, metastatic X 

Trachea + + - + + - + + + + + + + + + - + + + + + + + + 

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + - + + + + + + + + + + + + + + + + + 

Hemang1osarcoma
Mahgnant lymphoma, m1xed type 

Lymph nodes + + + + + + + + + + + + + + + + + + + + + + + + + 
Sarcoma, NOS, metastatic X 
Mahg lymphoma, lymphocytic type X 
Mahgnant lymphoma, m1xed type X 

Thymus + - + - + - - + + - + - + - + + + + + + - + + + 

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + - + + + + + + + 

DIGESTIVE SYSTEM 
Sahvary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
L1Ver + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma X X 
Hepatocellular carcmoma X X X X X X X 

B1leduct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common b1le duct + + + + N + + + + + + + + + + + + + + + + + + + + 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + +~~!~~~us + + + + + + + + + + + + + + + + + + + + + + + + + 
Squamous cell paptlloma X 

Small1ntestme + + + + + + + + + + + + + + + + + + + + + + + + + 
Adenocarcmoma, NOS 

Large mtestme + + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 
Unnary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE SYSTEM 
Pttwtary + + + + + + + + + + - + + + + + + + - + + + + + + 
Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 

Pheochromocytoma X X X 
Thyro1d + + + + + + + + + + + + + + + + + + + + + + + 

Folhcular cell adenoma X 
Parathyroid + + + - + + - + + + + + + + + + - + + + + - + + + 

REPRODUCTIVE SYSTEM 
Mammary gland NNNNNNNNNNNNNNNNNNNNNNN+N 
TestiS + + + + + + + + + + + + + + + + + + + + + + + + + 

lnterst1t1al cell tumor X 
Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 

NERVOUS SYSTEM 
+ + + + + + + + + + + + + + + + + + + + + + + + +Brain 

SPECIAL SENSE ORGANS 
NNNNNNNNNNNNNNNNNNNNNNNNN 

Adenoma, NOS 
Hardenan gland 

X X 

BODY CAVITIES 
NNNNNNNNNNNNNNNNNNNNNNNNN 

Sarcoma, NOS 
Mesentery 

ALL OTHER SYSTEMS 
NNNNNNNNNNNNNNNNNNNNNNNNNMultiple organs, NOS 

XHepatocellular carc10oma, metastatlc 
Mesothehoma. malignant X 
Mahg lymphoma, lymphocytic type 

Mahgnant lymphoma, m1xed type 
 X 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

~~~iR 

WEEKS ON 
STUDY 

~l~l~l~l~l~lgl~lil~lilglil~lilil~ltl~l~l11~1~1iP3 5 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 7 8 0 

~~~~~~~~~~~~~~~,~~,~~~~~~~~~~~10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

TOTAL 
TISSUES 
TUMORS 

---­
•so 

4 
6 
5 
I 

---­
50 

1 
5 
5 
1 

45 
---­

50 
49 

2 
2 

50 
I 
I 
2 

38 

INTEGUMENTARY SYSTEM 
Subcutaneous tissue 

Sarcoma, NOS 
F1broma 
Ftbrosarcoma 
Neurtlemoma 

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

X X X X X 

X 

RESPIRATORY SYSTEM 
Lungs and broncb1 

Hepatocellular carcmoma, metastat1c 
Alveolarlbronch10lar adenoma 
Alveolarlbronch10lar carcmoma 
Sarcoma, NOS. metastatic 

Trachea 

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

X X X X X 
X X 

+ + + + + + - + + + + + + + + + + + + + + + + + + 

HEMATOPOIETIC SYSTEM 
Bone marrow 
S~een 

emang:tosarcoma 
Mahgnant lymphoma, mllted type 

Lymph nodes 
Sarcoma, NOS, metastatiC 
Mahg lymf,homa, lymphocytic type
Mahgnant ymphoma, m1xed type 

Thymus 

CIRCULATORY SYSTEM 
Heart 

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

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

X 
+ + - + + + + + + + + + + + + + + + + + + + - + -

+ + + + + + + + + + + + + + + + + + + + + + + + + 49 
---­

49 
50 
14 
12 
50

•so 
50 
50 
50 

I 
50 

I 
50 

---­
50 
50 

---­
47 
50 
4 

48 
3 

43 

•so 
50 

I 
50 

---­
50 

---­
•5o 

3 

---­
•so 

I 

---­
•so 

I 
I 
I 
6 

---­

DIGESTIVE SYSTEM 
Sahvary gland 
Ltver 

Hepatocellular adenoma 
Hepatocellular carcmoma 

B1leduct 
Gallbladder & common b1le duct 
Pancreas 
Esopha~us
Stomac 

Squamous cell pap1lloma 
Smallmtest1ne 

AdenocarclDoma, NOS 
Large 1ntest1ne 

+ + + + + + - + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + N + + + N + + N + + + + + N 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

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

URINARY SYSTEM 
K1dney
Unnary bladder 

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

ENDOCRINE SYSTEM 
P•twtary 
Adrenal 

Pheochromocytoma 
Thyr01d 

Follicular cell adenoma 
Parathyro1d 

REPRODUCTIVE SYSTEM 
Mammary gland 
Test1s 

lnterattt1al cell tumor 
Prostate 

+ + + + + + + + + + + + + + + + + + + - + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

X X 
+ + + + + + - + + + + + + + + + + + + - - + + + + 

N N NN N N + NNNNNNNNN + NNNNNNNN 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

NERVoUS SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 

SPEciAL SENSE ORGANS 
Hardenan gland 

Adenoma, NOS 

BODY CAVITIES 
Mesentery 
Sarcoma, NOS 

ALL oTHER SYSTEMS 
Mult1ple or~ans, NOS 

Hepatocel ular carc1noma, metastatic 
Mesothehoma, mahgnant 
Mahg lymphoma,lymphocyt•c type 
Mahgnant lymphoma, m1xed type 

N N N N N N N NN N NNNNNN NN N N N N N N N 
X 

NNNNNNNNNNN N N N N N N NNNNNNNN 
X 

NNNNNNNNNNNNNNNNNNNN N N N N N 

X 
X X X X X 

• Antmals necropsted 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 

TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43%Cl): HIGH DOSE 


NUMBER 

WEEKS ON 
STUDY 

INTEGUMENTARY SYSTEM 
Skm + + + + + + + + + + + + + + + + + + + + + + + + + 

Sebaceous adenoma 
Rhabdomyosarcoma

Subcutaneous t1uue + + + + + + + + + + + + + + + + + + + + + + + + + 
Sarcoma, NOS X X 
Ftbroma X 
Ftbrosarcoma X X 

RESPIRATORY SYSTEM 
Lunp and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular carcmoma, metastatiC X X X 
Alveolarlbronchtolar adenoma X X X X 
Alveolarlbroncluolar carctnoma X X X 
Folltcular cell carctnoma, metastatic X 
Ftbrourcoma, metastattc X 

Trachea + + + - + + + + + + + + - + + + + + + + + - + + 


HEMATOPOIETIC SYSTEM 

Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 

Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 


Hemangiosarcoma X 
Ma~ant lymphoma, mtud type

Lym nodes + + + + + + + + + + + + + + + + + + + + + + + + + 
Ma lymphoma, lymphocytic type 

Thymus + + + + + - + + + + + + + + + + + + + + + + 

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Sahvary gland + + + + + + + + + + + + - + + + + + + + + + + + + 

Myoepithelioma 
Ltver + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma X X X X X 
Hepatocellular carcmoma X X X X X X X X X 
Hepatoblastoma X 

Btlei:luct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common btle duct + N N + N N N N + + + + + + + + + + + + + N + + + 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 
Esophalrus + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomadi + + + + + + + + + + + + + + + + + + + + + + + + + 
Small mtastme + - + + + + + + + + + + + + + + + + + + + + + + 

Mah!J118nt lymphoma, m11:ed type
Large mtalbne + + + + + + + + + + + + + + + + + + + + + + + + + 

UMNARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 

Tubular cell adenocarcinoma X 
Urmary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

Tr81181tlonal cell papilloma 

ENDOCMNE SYSTEM 

Pttwtary + + + + + + + + + + - + - + + + + + + + + + + + 

Adrenal + + - + + + + + + + + + + + + + + + + + + + + + 


Adenoma, NOS X 

Cortical adenoma 

Pheochromocytoma


ThyrOid + + + + + + + + + + + + + + + + + + + + + + + + + 
Folhcular cell adenoma X 
Follicular cell carcmoma X X 

Parathyroid + - - + + + - - + + + + - + + - + + + + + - + + 
Pancreatic ISleta + + + + + + + + + + + + + + + + + + + + + + + + + 

Islet cell adenoma X 

REPRODUcTIVE sYSTEM 
Mammary gland NN+NNN+NNNNNNNNN+NNNNNNNN 
Testis + + + + + + + + + + + + + + + + + + + + + + + + + 
Prostate + + + + + + + + + + + + + + + + + + + + + + + + + 

NERvoUS SYSTEM 
Bram + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE ORGANS 
Hardenan gland NNNNNNNNNNNNNNNNNNNNNNNNN 

Adenoma, NOS X 

BODY cAVITIES 
Medtastlnum NNNNNNNNNNNNNNNNNNNNNNNNN 

Hepatocellular carcinoma, metastatic X 
Mesentery NNNNNNNNNNNNNNNNNNNNNNNNN 

Hepatocellular carc1noma, 1nvas1ve X 

ALL OTHER SYSTEMS 
Multiple organs, NOS NNNNNNNNNNNNNNNNNNNNNNNNN 

Carcmoma, NOS X 
Mahg lymphoma, lymphocytic type X 

Mahg lymphoma, hl8tl0cyt•c type X X 

Malignant lymphoma, m1xed type X 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

~~~BAELR 
892456791234616789134580 

TOTAL: 
WEEKS ON 

~l~lgl~l!l!l!l~l!l~l~lil~l~l~l~l~li!!lt!i!!!~li!g 
TISSUES 

STUDY TUMORS~~~~~~~~~~~~~~~~~~~~~1~~1~1~1~1~1~1~1~1~1~1~1~1~ 
INTEGUMENTARY SYSTEM 

Skin 
 *50+ + + + + + + + + + + + + + + + + + + + + + + + + 

Sebaceous adenoma X 1 
Rhabdomyosarcoma X 1 

Subcutaneous tissue *50 

Sarcoma, NOS 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 3 

Fibroma X 2 
Fibrosarcoma X 3 

RESPIRATORY SYSTEM 

Lungs and bronchi 
 + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Hepatocellular carcinoma, metastatic 3 
Alveolar/bronchiolar adenoma X X X X X 9 
Alveolar/bronchiolar carcinoma X X 5 
Follicular cell carcinoma, metastatic 1 

Fibrosarcoma, metastatic 
 1 


Trachea 
 43+ + + + + + + + + + + + + + + + - + + - + + + - + 
HEMATOPOIETic SYSTEM 
Bone marrow 50 

Spleen 


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


Hemangiosarcoma 

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

X 2 

Mali~nant lymphoma, mixed type 
 X I 

LymE nodes + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Ma ig. lymphoma, lymphocytic type X I 

Thymus 39- - - + - + + + + + + + + + - + + + + + + + - + ­
CIRCULATORY SYSTEM 
Heart 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
DIGESTIVE SYSTEM 
Salivary&and 49+ + + + + + + + + + + + + + + + + + + + + + + + + 

Myoepi elioma X 1 

Liver 
 + + + + + + + + + + + + + + + + + + + + + + + + + 50 


Hepatocellular adenoma 
 X X X X X X X X X 14 

Hepatocellular carcinoma 
 X X X 12 

Hepatoblastoma 
 1 


Bile duct 
 50 

Gallbladder & common bile duct 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
*50 


Pancreas 

+ + + + + + + + + + + + + + + + + + + + + N + N + 

50 

Esophars 


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


Stomac 

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

50 

Small intestine 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
48 


Malilfnant lymphoma, mixed type 

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

X 1 
Large Intestine 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
URINARY SYSTEM 
Kidney 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
Tubular cell adenocarcinoma 1 

Urinary bladder 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
Transitional cell papilloma X 1 

ENDOCRINE SYSTEM 
Pituitary 44 
Adrenal 

+ + + + + + + + + + + + + + + + + + - + - + + + ­
47 


Adenoma, NOS 

+ + + + + + + + + + + + + + + + + + + + + - + + + 

X 2 

Cortical adenoma 
 X X 2 

Pheochromocytoma 
 X 1 

Thyroid 49 

Follicular cell adenoma 


+ + + + + + + + + + + + + + + + + + + + + + + - +
X 2 


Follicular cell carcinoma 
 X 3 
Parathyroid 38- + + + + + + + + + + + + + + + + + - - + + + - + 
Pancreatic isleta 50 


Islet cell adenoma 

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

1 

REPRODUcTivE SYSTEM 
Mammary gland N N N N N N NNNN N NN NNNNN NNNNNNN *50 
Testis 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
Prostata 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
NERvoUS SYSTEM 
Brain 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
SPECIAL SENSE oRGANS 
Harderian gland NNNNNNNNNNNNNNNNNNNNNNNNN *50 


Adenoma, NOS 
 X 2 

BODY CAVITIES 
Mediastinum N N N NN N NN N NNNNNNNNNNNNNNNN •5o 

1 
Mesentery 

Hepatocellular carcinoma, metastatic 
N N N N N N NNNNNNNNNNNNNNNNNNN •so 

1Hepatocellular carcinoma, invasive 

ALL OTHER SYSTEMS 
Multiple organs, NOS *50 


Carcinoma, NOS 

N NNNNNN N NNNNNNNNNNNNNNNNN 

1 

Malig. lymphoma, lymphocytic type 
 2 

Malig. lymfhoma, histiocytic type 


X 
3 


Malignant ymphoma, mixed type 

X 

X X X X X X X 8 

• Animals necropsied 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO· 
YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23•43%CI): VEHICLE CONTROL 

~~~~~ 
200854918035226764491764~lgi~I~III~I!I~Itl!l8l!lgl~l~l~l~l~lil~l~l~l~l~l~ 

WEEKS ON 

STUDY 


8667899355689912245779011:r~r~'~'~':l:l1111~1~1~111~1~1~1~1~1~1~1~1il~l~l 6 

INTEGUMENTARY SYSTEM 

Subcutaneous tissue 
 + + + + + + + + + + + + + + + + + + + + + + + + + 

Sarcoma, NOS X 
Fibrosarcoma 

RESPIRATORY sYSTEM 

Lungs and bronchi 
 + + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolar/bronchiolar adenoma 

Alveolar/bronchiolar carcinoma 

Sarcoma, NOS, invasive 

Trachea + + + + - - - - - + + - - - + + + + - - + + - - + 

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + - + + + + + + + + + + + + + + 
Lhmph nodes + + + + + + + + + + + + + + + + + + + + + + + + + 
T ymus + + + - + + + + - + - + - + - + - + + + - + + + ­

ciRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Salivary gland + + + + + + + + + - + + + + + + + + + + + + + + + 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common bile duct + + + + + + + N N + N + + + + + + + + + + + + + + 
Pancreas + + + + + + + + + + - + + + + + + + + + + + + + + 
Esophars + + + + + + + + + + - + + + + + + + + + + + + + + 
Stomac + + + + + + + + + + - + + + + + + + + + + + + + + 
Small intestine - + + + + + + + + + - + + + + + + + + + + + + + + 

Adenocarcinoma, NOS X 
Adenomatous polyp, NOS 

Large intestine + + + + + + + + + + - + + + + + + + + + + + - + + 

URINARY SVSTI!!M 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Urinary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE SYSTEM 
Pituitary - + + + + + + + + + + + + + + + + + + + + + - - + 

Adenoma, NOS X X X 
Acidophil adenoma X 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
Cortical adenoma 
Pheochromocytoma

Thyroid + + + + - + + + + + + + + + + + + + + + + + + + + 
Follicular cell adenoma 

Parathyroid + + + + - + - + - + + - - - + + + - - + + + - - + 
Pancreatic isleta + + + + + + + + + + - + + + + + + + + + + + + + + 

Islet cell carcinoma 

REPRODUCTIVE SYSTEM 
Mammary gland + + + + + + N + + + + + + + + + + + + + + + + + + 

Adenocarcinoma, NOS 
Vagina NNNNNN NN NN N N N NN N N N N N N N N NN 

Hemangiosarcoma 
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 

Leiomyosarcoma 

Endometrial stromal polyp 

Endometrial stromal sarcoma 

Hemangioma 

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 

NERVoUS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE oRGANS 
Harderian gland NNNNN N NN N N N N N NN N N N N N N N N N N 

Adenoma, NOS X 

BODY cAvitiEs 
Mediastinum N NNNNNNNNNNNNNNNNNNNNNNNN 

Sarcoma, NOS 

ALL OTHER SYSTEMS 
Multiple organs, NOS NNNNN NNNNNNNNNNNN N N NNNNNN 

Malig. lymfhoma, lymphocytic type X 
Malignant ymphoma, miud type X X 

+ Tiasue Examined Microscopically No Tiaeue Information Submitted 
Required Tissue Not Examined Microscopically c Necropsy, No Histology Due To Protocol 

X Tumor Incidence A Autolysis 
N Necropsy, No Autolysis, No Microscopic Examination M Animal Miaeing 
s Animal Missned B No Necropsy Performed 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE 
CONTROL (Continued) 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Subcutaneous tissue 


Sarcoma, NOS 

Fibrosarcoma 


RESPIRATORY SYSTEM 
Lungs and bronchi 


Alveolar/bronchiolar adenoma 

Alveolar/bronchiolar carcinoma 

Sarcoma, NOS, invuive 


Trachea 

HEMATOPOIETIC sYSTEM 
Bone marrow 
Spleen 
Lymph nodes 
Thymus 

ciRcULATORY SYSTEM 
Heart 

DiGESTivE SYSTEM 
Salivary gland
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Bile duct 
Gallbladder&. common bile duct 
Pancreu 
Esophagus 
Stomach 
Small intestine 

Adenocarcinoma, NOS 
Adenomatous polyp, NOS 

Large intestine 

URINARY SYSTEM 
Kidney 
Urinary bladder 

ENDocRINE SYSTEM 
Pituitary 

Adenoma, NOS 
Acidophil adenoma 

Adrenal 
Cortical adenoma 
Pheochromocytoma 

Thyroid 
Follicular cell adenoma 

Parathyroid 
Pancreatic ialets 

Islet cell carcinoma 

REPRODUcTivE SYSTEM 
Mammary gland 

Adenocarcinoma, NOS 
Vagina 

Hemangioaarcoma 
Uterus 

Leiomyoaarcoma 
Endometrial stromal polyp 
Endometrial stromal aarcoma 
Hemangioma 

Ovary 

NERvoUs SYSTEM 
Brain 

SPECIAL SENSE ORGANS 
Harderian gland 

Adenoma, NOS 

BODY cAviTIES 
Mediastinum 

Sarcoma, NOS 

All OTHER SYSTEMS 
Multiple organs, NOS 

Malig. lymphoma, lymphocytic type 
Malignant lymphoma, mixed type 

• Anima!a necropsied 

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

X 

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

X X 
X 
+ + + + + + + + + + + + + + + + - + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + - + + + + + - + - + + + + + - + + - + + + 

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

+ + + + + + + + + + + - + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + N + + + N + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

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

+ + + + + + + + + + + + + + + + + + + + + - + + + 
X X X X X X X X X 

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

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

X X X X X X X 
+ + + + + + + + + + - + + - + + + + + + - + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

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

NNNNNNNNNNNNNNNNNNNNNNNNN 
X 

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

X X X 
X 

X 
+ + + + + + + + + + + + + - + + - + + + - + - + + 

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

NNNNNNNNNNNNNNNNNNNNNNNNN 
X X X 

NNNNNNNNNNNNNNNNNNNNNNNNN 
X 

NNNNNNNNNNNNNNNNNNNNNNNNN 
X X X X 

X X X X X X X X 

TOTAL: 
TISSUES 
TUMORS 

•so 
1 
1 

50 
I 
2 
1 

37 

50 
49 
50 
37 

50 

48 
50 

3 
1 

50
•so 
49 
49 
49 
48 

1 
1 

48 

50 
50 

46 
12 
1 

50 
1 
1 

49 
7 

37 
49 

1 

•so 
1

•so 
1 

50 
1 
3 
1 
1 

46 

50 

•so 
4 

•so 
1 

•so 
5 

10 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43%Cl): LOW DOSE 

NUMBER 

WEEKS ON 

STUDY 


RESPIRATORY SYSTEM 
Lungs and bronchi + A + + + + + + + + + + + + + + + + + + + + + + + 

Alveolar/bronchiolar adenoma X X 
Alveolar/bronchiolar carcinoma 

Trachea -A+++++- + + + + + + + + + + + + + + + 

HEMATOPOIETIC SYSTEM 
Bone marrow + A + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + A + + + + + + + + + + + + + + + + + + + + + + + 
Lymph nodes + A + + + + + + + + + + + + + + + + + + + + + + + 
Thymus + A + + + + + + + + + + + + + - + - + + + + + 

CIRCULATORY SYSTEM 
Heart + A + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Salivary gland + A + + + + + + + + + + + + + + + + + + + + + + + 
Liver + A + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Malignant lymphoma, mixed type X 

Bile duct + A + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common bile duct + A N + + + + + + + + + + + + + + + N + + + N + + 
Pancreas + A + - + + + + + + + + + + + + + + + + + + + + + 
Esophagus + A + + + + + + + + + + + + + + + + + + + + + + + 
Stomach + A - - + + + + + + + + + + + + + + + + + + + + + 

Squamous cell papilloma 
Small intestine + A + - - + + + + + + + + + + + + + + + + + - + + 
Large intestine + A + + + + + + + + + + + + + + + + + + + + - + + 

URINARY SYSTEM 
Kidney + A + + + + + + + + + + + + + + + + + + + + + + + 
Tubular cell adenocarcinoma X 

Urinary bladder + A + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE SYSTEM 
Pituitary - A + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS 
Adenoma, NOS 

Adrenal + A + + + + + + + + + + + + + + + + + + + + + + + 
Pheochromocytoma X 

Thyroid + A - + + + + + + - + + + + + + + + + + + + + + + 
Follicular cell adenoma 
Follicular cell carcinoma 

Parathyroid - A - + + + + - + + + + + + + + + - + + + + + 

Pancreatic islets + A + - + + + + + + + + + + + + + + + + + + + + + 


Islet cell adenoma X 


REPRODUCTIVE SYSTEM 
Mammary gland + A + + + + + + N + + + + + + + + + + N + + + + + 

Adenocarcinoma, NOS 
Uterus + A + + + + + + + + + + + + + + + + + + + + + + + 

Hemangioma
Ovary + A + - + - + + + + + + + + + + + + + + + + + + + 

Teratoma, NOS X 

NERvous SYSTEM 
Brain + A + + + + + + + + + + + + + + + + + + + + + + + 

Carcinoma, NOS, invasive 

SPECIAL SENSE ORGANS 
Harderian gland NANNNNNNNNNNNNNNNNNNNNNNN 

Carcinoma, NOS 
Adenoma, NOS 

ALL OTHER SYSTEMS 
Multiple organs, NOS NANNNNNNNNNNNNNNNNNNNNNNN 

Mabg.lymphoma, lymphocytic type 
Malignant lymphoma, mixed type X X X 

Chlorinated Paraffins (C2a. 43% Cl) 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

NUMBER 

TOTAL: 
WEEKS ON TISSUES 
STUDY TUMORS 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 49 


Alveolar/bronchiolar adenoma 2 

Alveolar/bronchiolar carcinoma X I 


Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 45 

REMATOPOIET!c SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Lymph nodes + + + + + + + + + + + + - + + + + + + + + + + + + 48 
Thymus + - + + - + + - + + + + + - + + + + + + + + + + 40 

CIRCULATORY SYS'I'EM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 49 

DIGESTIVE SYSTEM 
Salivary gland + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Hepatocellular adenoma X X 2 
Hepatocellular carcinoma X I 
Malignant lymphoma, mixed type I 

Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Gallbladder & common bile duct + + + + + + + + + + N + + N + + + N N + + + + + + •49 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Esophag\111 + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 47 

Squamo\111 cell papilloma X X 2 
Small intestine + + + + + + + + + + + + + + + + + + + + + + + + + 46 
Large intestine + + + + + + + + + + + + + + + + + + + + + + + + + 48 

URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Tubular cell adenocarcinoma I 


Urinary bladder + + + + + + + + + + - + + + + + + + + + + + + + + 48 


ENDOCRINE SYSTEM 
Pituitary + + + + + + + + + + + + + + + + + + + + + + + 46 

Carcinoma, NOS X I 
Adenoma, NOS X X X X X X X X 8 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Pheochromocytoma I 

Thyroid + + + + + + + + + + + + + + + + + + + + + + + + + 47 
Follicular cell adenoma X X X X 4 
Follicular cell carcinoma X X 2 

Parathyroid + + + + - + + + + - + - + + + + + + + + + + 37 
Pancreatic isleta + + + + + + + + + + + + + + + + + + + + + + + + + 48 

Islet cell adenoma I 

REPRODUctivE sYSTEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + •49 


Adenocarcinoma, NOS X I 

Uterus + + + + + + + + + + - + + + + + + + + + + + + + + 48 


Hemangioma X I 

Ovary + + + + + + + + + - - - + + - + - + + + + + + + + 42 


Teratoma, NOS I 


NERvouS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Carcinoma, NOS, invasive X I 

SPECIAL SENSE oRGANs 
Harderian gland NNNNNNNNNNNNNNNNNNNNNNNNN •49 

Carcinoma, NOS X I 
Adenoma, NOS X X 2 

ALL OTHER SYSTEMS 
Multiple organa, NOS NNNNNNNNNNNNNNNNNNNNNNNNN •49 

Mahg. lymphoma, lymphocytic type X X 2 
Malignant lymphoma, mixed type X X X X X X 9 

• Animals necropsied 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43%Cl): HIGH DOSE 

NUMBER 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Subcutaneous tillaue + + + + + + + + + + + + + + + + + + + + + + + + + 

Fibrosarcoma 
Neurilemoma, malignant 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenocarcinoma, NOS, metaatatic X 
Alveolar/bronchiolar adenoma X 

Trachea + + + + - + + + + - - + + + + - + + + - + + + - + 

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 

Malignant lymphoma, NOS 
Malignant lymphoma, mixed type 

Lymph nodes + + + + + + + + + + + + + + + + + + + + + + + + + 
Thymus + + + + + - - + + - - + + + + + + + + + - + + + 

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTivE SYSTEM 
Salivary gland + + + + + + + + + + + + + + + + + + + + + - + + + 

Adenocarcinoma, NOS X 
Liver + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma X 
Hepatocellular carcinoma X 

Bile duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common bile duct + + + + + + + + N + + + + + + + + + + + N + + + + 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 
Esophagus + + + + + + + + + + + + + + + + + + + + + + + + + 

Squamous cell carcinoma 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 

Squamous cell papilloma 
Squamous cell carcinoma, invasive 

Small intestine + + + + + + + + + + + + + + + + + + + + + + + + + 
Malignant lymphoma, mixed type 

Large Intestine + + + + + + + - + + + + + + + + + + + + - + + + + 

URINARY SYSTEM 
Kidney + + + + + + + + + + + + + + + + + + + + + + + + + 
Tubular cell adenocarcinoma X 

Urinary bladder + + + + + + + + + + + + + + + + + - + + + - + + + 

ENDOCRINE sYSTEM 
Pituitary - + + + + + + + + + + + + + - + - + - + + + + + -

Adenoma, NOS X X X 
Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenoma, NOS 
Pheochromocytoma 

Thyroid + + + + + + + + + + + + + + + - + + + + + + + + + 
Follicular cell adenoma 

Parathyroid + + + + + + + - + + + + - - + + - + + + 

REPRODUcTivE SYsTEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 
Adenocarcinoma, NOS 
Adenoaquamol.l& carcinoma X 

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 
Leiomyoma
Hemangiosarcoma, unc prim or metaa 

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 

NERvouS SYSTEM 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE ORGANs 
Harderian gland NNNNNNNNNNNNNNNNNNNNNNNNN 

Adenoma, NOS 

ALL OTHER SYSTEMS 
Multiple organa, NOS NNNNNNNNNNNNNNNNNNNNNNNNN 

Malig.lymphoma, undiffer type 
Malig.lymphoma,lymphocyttc type X 
Malig. lymphoma, histiocytic type X X 
Malignant lymphoma, mixed type X 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

~~~B~R 

WEEKS ON 
STUDY 

~lil~!ll~fl~11~!1M!I!I~Iilil!lil~lll111 9 7 I 7 I 6 8 0 4 8 9 6 9 I 2 3 4 6 7 3 7 8 9 0 

~I ~I ~I g) g) ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~7 1 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

TOTAL: 
TISSUES 
TUMORS 

--- ­
•so 

1 
I 

--- ­
50 

1 
3 

44 

--- ­
50 
50 

I 
1 

50 
41 

INTEGUMENTARY SYSTEM 
Subcutaneous tissue 

Fibrosarcoma 
Neurilemoma, malignant 

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

X 

RESPIRATORY SYSTEM 
Lungs and bronchi 

Adenocarcinoma, NOS, metastatic 
Alveolar/bronchiolar adenoma 

Trachea 

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

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

HEMAToPOIETIC SYSTEM 
Bone marrow 
S~een 

alignant lymphoma, NOS 
Mali~ant lymphoma, mixed type 

Lhmp nodes 
T ymus 

ciRCULAtoRY SYSTEM 
Heart 

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

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + - + + + + - + + + + + + - + + + + + + + + + + 

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

--- ­
49 

I 
50 

7 
6 

50
•so 
50 
50 

I 
50 

I 
I 

50 
I 

48 

DIGESTIVE SYSTEM 
Salivary gland 

Adenocarcinoma, NOS 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 
Esophagu.e 

Squamous cell carcinoma 
Stomach 

Squamous cell papilloma 
Squamous cell carcinoma, invasive 

Small intestine 
Mali~ant lymphoma, mixed type 

Large tnteatine 

URINARY SYSTEM 
Kidney 

Tubular cell adenocarcinoma 
Urinary bladder 

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

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X X X X X 
X X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
N + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

X 
X 

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

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

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

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

50 
I 

48 

--- ­
45 
15 
50 

I 
I 

49 
5 

37 

•so 

ENDOCRINE SYSTEM 
Pituitary 

Adenoma, NOS 
Adrenal 

Adenoma, NOS 
Pheochromocytoma 

Thyroid 
Follicular cell adenoma 

Parathyroid 

REPRODUCTIVE SYSTEM 
Mammary gland 

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

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

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

X X X X X 
+ + + - + + - + + + + - + + - + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
Adenocarcinoma, NOS X I 
Adenoaquamous carcinoma I 

Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Leiomyoma X I 
Hemangiosarcoma, u.nc prim or metaa X I 

Ovary 

NERVOUS sVSTEM 
Brain 

+ + + + + + - + - + + + + - + + + + + + + + + + + 

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

47 

50 

--- ­
•so 

I 

•so 

SPECIAL SENSE ORGANS 
Harderian gland 

Adenoma, NOS 

ALL OTHER sYSTEMS 
Multi_Ple organa, NOS 

NNNNNNNNNNNNNNNNNNNNNNNNN 
X 

NNNNNNN N NNNNNNN NNNNNNNNNN 
Mahg.lymphoma, undift'er tYpe X I 
Malig.lymphoma,lymphocytic type X X X X X 6 
Malig. lymr,homa, hiatiocytic type 
Malignant ymphoma, mixed type X X X X X X X 

2 
8 

• Animals necropsied 
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APPENDIX C 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 


LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES 


OF CHLORINATED PARAFFINS (C23, 43% CHLORINE) 


Chlorinated Paraffins (C23, 43% Cl) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%CI) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

INTEGUMENTARY SYSTEM 
*Skin 

Inflammation, chronic 
Hyperkeratosis 

•Subcutaneous tissue 

Edema, NOS 

Hemorrhage 

Hemorrhagic cyst 

Inflammation, suppurative 

Inflammation, pyogranulomatous 

Necrosis, ischemic 


50 50 50 
50 50 50 
50 50 50 

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

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

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

(2%) 
1 (2%) 

1 (2%) 

RESPIRATORY SYSTEM 
*Nasal cavity (50) (50) (50) 

Foreign body, NOS 3 (6%) 3 (6%) 
Inflammation, suppurative 5 (10%) 14 (28%) 11 (22%) 
Inflammation, chronic 1 (2%) 
Infection, fungal 4 (8%) 11 (22%) 7 (14%) 
Hyperplasia, NOS 1 (2%) 
Hyperplasia, epithelial 2 (4%) 4 (8%) 2 (4%) 
Metaplasia, squamous 2 (4%) 2 (4%) 

#Peritracheal tissue (50) (50) (49) 
Necrosis, NOS 1 (2%) 

#Lung (50) (50) (50) 
Congestion, NOS 2 (4%) 1 (2%) 
Hemorrhage 2 (4%) 
Lymphocytic inflammatory infiltrate 1 (2%) 
Inflammation, interstitial 1 (2%) 
Pneumonia, aspiration 1 (2%) 2 (4%) 4 (8%) 
Inflammation, acute suppurative 1 (2%) 
Inflammation, granulomatous focal 1 (2%) 2 (4%) 
Alveolar macrophages 8 (16%) 
Hyperplasia, adenomatous 3 (6%) 2 (4%) 

#Lung/alveoli (50) (50) (50) 
Histiocytosis 1 (2%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
#Bone marrow (50) (50) (50) 

Atrophy, NOS 1 (2%) 1 (2%) 
Myelofibrosis 1 (2%) (2%) 
Hyperplasia, hematopoietic (2%) 
Hyperplasia, granulocytic 1 (2%) 

#Spleen 
Accessory structure 

(50) 
1 (2%) 

(50) (50) 
1 (2%) 

Congestion, NOS 30 (60%) 32 (64%) 
Hemorrhage 1 (2%) 
Fibrosis, focal 1 (2%) 5 (10%) 
Fibrosis, diffuse (2%) 
Pigmentation, NOS 
Hyperplasia, nodular 

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

Hyperplasia, stromal (2%) 1 (2%) 
Metaplasia, osseous 1 (2%) 
Hyperplasia, lymphoid 2 (4%) 2 (4%) 
Hematopoiesis 3 (6%) 1 (2%) 

Chlorinated Paraffins (C2a. 43% CD 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%CI) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Mandibular lymph node 


Inflammation, suppurative 

Hyperplasia,lymphoid 


#Mediastinal lymph node 
Inflammation, granulomatous 
Pigmentation, NOS 
Hyperplasia, lymphoid 

#Celiac lymph node 

Hyperplasia,lymphoid 


#Pancreatic lymph node 
Edema, NOS 
Inflammation, granulomatous 
Pigmentation, NOS 
Angiectasis 
Hyperplasia, lymphoid 

#Mesenteric lymph node 
Congestion, NOS 
Inflammation, granulomatous 
Pigmentation, NOS 
Angiectasis 
Hyperplasia, lymphoid 

#Adrenal 

Hematopoiesis 


#Adrenal cortex 

Hematopoiesis 


CIRCULATORY SYSTEM 
*Multiple organs 

Periarteritis 
*Tail 

Thrombosis, NOS 
#Mandibular lymph node 


Lymphangiectasis 

#Mediastinal lymph node 


Lymphangiectasis 

#Pancreatic lymph node 


Lymphangiectasis 

#Mesenteric lymph node 


Lymphangiectasis 

#Renal lymph node 


Lymphangiectasis 

#Inguinal lymph node 


Lymphangiectasis 

#Heart 


Periarteritis 

#Heart/atrium 


Thrombosis, NOS 

Thrombus, mural 


#Auricular appendage 

Thrombus, mural 


#Myocardium 
Inflammation, acute/chronic 
Inflammation, chronic 

*Pulmonary artery 

Mineralization 

Thrombosis, NOS 

Thrombus, mural 


(50) 

1 (2%) 
(50) 

(50) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 

41 (82%) 
(50) 

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

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

3 	 (6%) 
(50) 	 (50) 

(50) (50) 
1 (2%) 

29 (58%) 23 (46%) 
1 (2%) 
1 (2%) 

27 (54%) 19 (38%) 
(50) (50) 

1 (2%) 
8 (16%) 11 (22%) 
4 (8%) 2 (4%) 

1 (2%) 
5 (10%) 5 (10%) 

(50) 	 (50) 
1 (2%) 

(50) 	 (50) 
1 (2%) 

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

(50) 	 (50) 
1 (2%) 

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

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

(50) 	 (50) 
1 (2%) 

(50) 	 (50) 
1 (2%) 

(50) 	 (50) 
1 	 (2%) 

(50) 	 (50) 
2 (4%) 

(50) 	 (50) 
2 (4%) 

(50) 	 (50) 
1 (2%) 
1 (2%) 7 (14%) 

(50) 	 (50) 

(50) 	 150) 
1 (2%) 

47 (94%) 41 (82%) 
(50) 	 (50) 

1 	 (2%) 
(2%) 
(2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

CIRCULATORY SYSTEM (Continued) 
*Sup. panc-duod. artery 

Thrombosis, NOS 
<50) (50) (50) 

1 (2%) 
Periarteritis (2%) 
Arteriosclerosis, NOS 5 (10%) 
Hypertrophy, NOS 

*Mesenteric artery (50) 
1 (2%) 

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

*Renal artery (50) (50) (50) 
Thrombosis, NOS 1 (2%) 

*Hepatic vein 
Dilatation, NOS 

(50) 
1 (2%) 

(50) (50) 

Thrombus, mural 1 (2%) 
#Salivary gland 

Periarteritis 
(50) (50) (50) 

1 (2%) 
#Liver (50) (50) (50) 

Thrombosis, NOS 1 (2%) 
#Pancreas (49) (50) (50) 

Periarteritis 1 (2%) 2 (4%) 2 (4%) 
#Stomach (50) (50) (50) 

Periarteritis 2 (4%) 5 (10%) 
*Mesentery (50) (50) (50) 

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

DIGESTIVE SYSTEM 
*Soft palate 

Hyperplasia, epithelial 
Hyperkeratosis 

#Salivary gland 
Inflammation, chronic 

(50) 
1 
1 

(50) 
1 

(2%) 
(2%) 

(2%) 

(50) 

(50) 

(50) 

(50) 

#Liver (50) (50) (50) 
Deformity, NOS 
Cyst, NOS 
Multiple cysts 
Hemorrhage 
Lymphocytic inflammatory infiltrate 

1 (2%) 2 

42 

(4%) 

(2%) 

(84%) 

1 

1 
44 

(2%) 

(2%) 
(88%) 

Inflammation, granulomatous focal 
Cholangiofibrosis (2%) 

49 (98%) 49 
3 

(98%) 
(6%) 

Degeneration, cystic 
Pigmentation, NOS 

(2%) 
45 (90%) 46 (92%) 

Cytoplasmic vacuolization 
Focal cellular change 
Hyperplasia, nodular 
Angiectasis 

# Liver/centrilobular 
Degeneration, NOS 
Necrosis, coagulative 
Cytoplasmic vacuolization 

#Liver/periportal 
Fibrosis, multifocal 

2 
1 

(50) 
1 
2 
5 

(50) 

(4%) 
(2%) 

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

1 (2%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

6 
1 

(50) 
1 
1 
1 

(50) 

(12%) 
(2%) 

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

#Bile duct (50) (50) (50) 
Hyperplasia, NOS 
Hyperplasia, focal 

#Pancreas 

42 

(49) 

(84%) 36 
1 

(50) 

(72%) 
(2%) 

34 

(50) 

(68%) 

Inflammation, chronic focal 
Fibrosis, focal 

#Pancreatic acinus 
Atrophy, NOS 
Atrophy, focal 
Hyperplasia, NOS 
Hyperplasia, focal 

(49) 
12 

8 
1 

(24%) 

(16%) 
(2%) 

(50) 
11 (22%) 
1 (2%) 
2 (4%) 

2 (4%) 
1 (2%) 

(50) 
9 (18%) 

(2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Glandular stomach (50) (50) (50) 

Edema, NOS 1 (2%) 
#Gastric submucosa (50) (50) (50) 

Edema, NOS 2 (4%) 1 (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, granulomatous 1 (2%) 

#Forestomach (50) (50) (50) 
Edema, NOS 1 (2%) 
Ulcer, NOS 1 (2%) 1 (2%) 1 (2%) 
Inflammation, chronic 2 (4%) 1 (2%) 1 (2%) 
Inflammation, chronic focal 1 (2%) 
Necrosis, NOS 1 (2%) 
Hyperplasia, epithelial 4 (8%) 1 (2%) 
Hyperplasia, papillary 1 (2%) 
Hyperkeratosis 1 (2%) 

#Colon (50) (50) (50) 
Edema, NOS 
Parasitism 3 (6%) 4 (8%) 

1 (2%) 
4 (8%) 

#Colonic submucosa (50) (50) (50) 
Inflammation, acute/chronic 1 (2%) 

#Cecum (50) (50) (50) 
Edema, NOS 
Parasitism 1 (2%) 3 (6%) 

1 (2%) 
2 (4%) 

*Rectum (50) (50) (50) 
Parasitism 1 (2%) 1 (2%) 

URINARY SYSTEM 
#Kidney (50) (50) (50) 

Hydronephrosis 1 (2%) 
Inflammation, suppurative (2%) 
Scar 1 (2%) 
Nephropathy 48 (96%) 47 (94%) 46 (92%) 
Infarct, NOS 1 (2%) 
Pigmentation, NOS 1 (2%) 

#Kidney/cortex (50) (50) (50) 
Cyst, NOS 1 (2%) 1 (2%) 

#Kidney/medulla (50) (50) (50) 
Cyst, NOS 

#Kidney/tubule 
1 

(50) 
(2%) 

(50) (50) 
Pigmentation, NOS 3 (6%) 2 (4%) 

#Kidney/pelvis (50) (50) (50) 
Hemorrhage 1 (2%) 

#Urinary bladder (50) (50) (48) 
Mucocele 1 (2%) 
Hemorrhage (2%) 
Fibrosis 1 (2%) 
Hyperplasia, epithelial 1 (2%) (2%) 
Metaplasia, squamous 1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary (49) (49) (47) 

Angiectasis 1 (2%) 
#Pituitary intermedia 

Cyst, NOS 
(49) (49) 

1 (2%) 
(47) 

#Anterior pituitary 
Cyst, NOS 

(49) 
5 (10%) 

(49) 
6 (12%) 

(47) 
2 (4%) 

Multiple cysts 1 (2%) 
Hyperplasia, focal 7 (14%) 4 (8%) 5 (11%) 
Angiectasis 12 (24%) 7 (14%) 10 (21%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 
#Adrenal (50) (50) (50) 

Lymphocytic inflammatory infiltrate 1 (2%) 
Hypertrophy, focal 1 (2%) 
Angiectasis 1 (2%) 1 (2%) 

#Adrenal cortex (50) (50) (50) 
Lymphocytic inflammatory infiltrate 1 (2%) 
Degeneration, cystic 1 (2%) 1 (2%) 
Degeneration, lipoid 5 (10%) 3 (6%) 1 (2%) 
Pigmentation, NOS 1 (2%) 
Cytoplasmic vacuolization 2 (4%) 3 (6%) 
Hyperplasia, focal 1 (2%) 1 (2%) 
Angiectasis 1 (2%) 

#Adrenal medulla (50) (50) (50) 
Hyperplasia, focal 7 (14%) 8 (16%) 5 (10%) 
Angiectasis 2 (4%) 1 (2%) 

#Thyroid (50) (50) (49) 
Embryonal duct cyst 
Cystic follicles 

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

Hyperplasia, cystic 
Hyperplasia, C-cell 3 (6%) 

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

#Thyroid follicle 
Follicular cyst, NOS 

<50) (50) 
1 (2%) 

(49) 

#Parathyroid (50) (50) (49) 
Hyperplasia, NOS 1 (2%) 
Angiectasis 

#Pancreatic islets (49) 
1 (2%) 

(50) (50) 
Hyperplasia, focal 1 (2%) 

REPRODUCTIVE SYSTEM 
•Mammary gland 

Cystic ducts 
Adenosis 

(50) 
6 (12%) 

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

(50) 
3 (6%) 

•Mammary lobule 
Hyperplasia, NOS 

•Preputial gland 
Cystic ducts 
Lymphocytic inflammatory infiltrate 
Inflammation, suppurative 
Inflammation, acute/chronic 
Inflammation, chronic 

(50) 
3 (6%) 

(50) 
1 (2%) 
1 (2%) 
3 (6%) 

(2%) 

(50) 
3 (6%) 

(50) 
8 (16%) 
1 (2%) 
4 (8%) 

3 (6%) 

(50) 

(50) 
1 (2%) 

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

Inflammation, chronic focal 1 (2%) 
Atrophy, NOS 
Hyperplasia, NOS 

#Prostate 

1 (2%) 
1 (2%) 

(49) 

2 <4%) 
1 (2%) 

(50) 

1 (2%) 

(50) 
Cyst, NOS 
Inflammation, suppurative 
Inflammation, chronic 
Inflammation, chronic suppurative 
Hyperplasia, epithelial 

•seminal vesicle 

1 (2%) 
12 <24%) 
2 (4%) 
3 (6%) 
1 (2%) 

(50) 

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

(50) 

17 (34%) 

(50) 
Dilatation, NOS 1 (2%) 

#Testis (50) (50) (50) 
Necrosis, focal 1 (2%) 
Atrophy, NOS 
Hyperplasia, interstitial cell 

•Epididymis 
Inflammation, chronic focal 

18 (36%) 
2 (4%) 

<50) 

13 (26%) 
3 (6%) 

(50) 
1 (2%) 

8 (16%) 
3 (6%) 

(50) 

•Spermatic cord 
Steatitis 

(50) 
5 (10%) 

(50) 
1 (2%) 

(50) 
4 (8%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%CI) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

NERVOUS SYSTEM 
#Cerebrum (50) (50) (49) 

Status spongiosus 1 (2%) 
#Brain (50) (50) (49) 

Deformity, NOS 1 (2%) 1 (2%) 
Hemorrhage 2 (4%) 

SPECIAL SENSE ORGANS 
*Eye (50) (50) (50) 

Retinopathy 2 (4%) 24 (48%) 24 (48%) 
Cataract 1 (2%) 22 (44%) 19 (38%) 
Phthisis bulbi 1 (2%) 

*Vitreous body (50) (50) (50) 
Hemorrhage 1 (2%) 

*External ear (50) (50) (50) 
Inflammation, suppurative 1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Skull (50) (50) (50) 

Hyperostosis 1 (2%) 

BODY CAVITIES 
*Mediastinum (50) (50) (50) 

Lymphocytic inflammatory infiltrate 1 (2%) 
*Mesentery (50) (50) (50) 

Steatitis 4 (8%) 5 (10%) 2 (4%) 
Lymphocytic inflammatory infiltrate 3 (6%) 
Inflammation, acute/chronic 1 (2%) 
Reaction, foreign body 1 (2%) 
Pigmentation, NOS 1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Lymphocytic inflammatory infiltrate 1 (2%) 
Tail 

Epidermal inclusion cyst 
Foot 

Inflammation, acute/chronic 1 
Hyperkeratosis 1 

Omentum 
Steatitis 

SPECIAL MORPHOLOGY SUMMARY 
None 

# Number of animals with tissue examined microscopically 
* Number of animals necropsied 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 50 
ANIMALS NECROPSIED 50 50 50 50 
ANIMALS EXAMINED HISTOPATHO­

LOGICALLY 50 50 50 50 

INTEGUMENTARY SYSTEM 
•Skin (50) (50) (50} (50} 

Epidermal inclusion cyst 2 (4%} 
Ulcer, NOS 1 (2%) 
Inflammation, suppurative (2%) 2 (4%) 
Inflammation, chronic 6 (12%} 
Ulcer, chronic 1 (2%) 
Fibrosis 1 (2%) 
Hyperplasia, NOS 1 (2%) 
Hyperplasia, epithelial 2 (4%} 
Hyperplasia, focal 1 (2%) 
Hyperkeratosis 1 (2%} 1 (2%} 16 (32%) 
Acanthosis 1 (2%} 

•Subcutaneous tissue (50) (50} (50} (50} 
Hemorrhage 1 (2%} 
Steatitis 1 (2%) 
Inflammation, chronic 2 (4%) 
Abscess, chronic 1 (2%} 

RESPIRATORY SYSTEM 
"'Nasal cavity 

Foreign body, NOS 
(50} (50) (50} (50) 

1 (2%) 
Ulcer, NOS 1 (2%} 1 (2%) 
Inflammation, suppurative 1 (2%) 4 (8%} 3 (6%} 
Infection, fungal 1 (2%) 4 (8%} 2 (4%} 
Hyperplasia, epithelial 2 (4%} 2 (4%} 
Metaplasia, squamous 1 (2%} 

#Lung (50} (50} (49} (50) 
Atelectasis 1 (2%) 
Congestion, NOS 1 (2%) (2%) 2 (4%} 
Lymphocytic inflammatory infiltrate 
Inflammation, interstitial 

1 (2%) 
1 (2%) 

Pneumonia, aspiration (2%) (2%) 4 (8%) 
Bronchopneumonia, acute 
Inflammation, acute/chronic 
Inflammation, granulomatous focal 

(2%) 

1 (2%) 
1 (2%) 

Pigmentation, NOS 
Hemosiderosis 

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

Alveolar macrophages 
Hyperplasia, adenomatous 

2 (4%) 
1 (2%) 

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

#Lung/alveoli 
Edema, NOS 

(50) (50) (49) (50} 
1 (2%) 

Hemorrhage 
Histiocytosis 

1 (2%) 
1 (2%) 

HEMATOPOIETIC SYSTEM 
"'Multiple organs 

Hyperplasia, lymphoid 
(50) (50} (50) 

1 (2%) 
(50) 

#Bone marrow (49) (50) (50) (50) 
Atrophy, diffuse 
Myelofibrosis (2%) 

1 (2%) 

Hyperplasia, reticulum cell 1 (2%) 

Chlorinated Paraffins CC23, 43% Cl) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Spleen 

Ectopia 
(50) (50) (50) 

1 (2%) 
(50) 

Congestion, NOS 
Fibrosis 1 (2%) 

21 (42%) 32 (64%) 33 (66%) 

Pigmentation, NOS 2 (4%) 
Hyperplasia, nodular 2 (4%) 
Hyperplasia, lymphoid 
Hematopoiesis 2 (4%) 

1 
2 

(2%) 
(4%) 

8 
2 

(16%) 
(4%) 4 (8%) 

#Mandibular lymph node (50) (50) (50) (50) 
Hyperplasia, lymphoid 2 (4%) 4 (8%) 

#Cervical lymph node (50) (50) (50) (50) 
Hyperplasia, NOS 1 (2%) 

#Mediastinal lymph node (50) (50) (50) (50) 
Inflammation, granulomatous 1 (2%) 
Pigmentation, NOS 
Hyperplasia, lymphoid 1 (2%) 3 (6%) 

1 
2 

(2%) 
(4%) 

#Celiac lymph node (50) (50) (50) (50) 
Inflammation, granulomatous 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

#Pancreatic lymph node (50) (50) (50) (50> 
Congestion, NOS 
Edema, NOS 1 (2%) 2 (4%) 

2 (4%) 

Inflammation, granulomatous 19 (38%) 21 (42%) 20 (40%) 
Pigmentation, NOS 7 (14%) 2 (4%) 1 (2%) 
Angiectasis 2 (4%) 2 (4%) 
Hyperplasia, lymphoid 19 (38%) 22 (44%) 23 (46%) 

#Mesenteric lymph node 
Inflammation, granulomatous 

(50) (50) 
1 (2%) 

(50) 
4 (8%) 

(50) 
6 (12%) 

Pigmentation, NOS 1 (2%) 2 (4%) 
Angiectasis 3 (6%) 1 (2%) 
Hyperplasia, lymphoid 

#Inguinal lymph node 
Hyperplasia, lymphoid 

#Lung 
Leukocytosis, NOS 

#Peyer's patch 

(50) 

(50) 

(49) 

(50) 

(50) 

(49) 

3 
(50) 

(49) 
1 

(50) 

(6%) 

(2%) 

5 
(50) 

1 
(50) 

(50) 

(10%) 

(2%) 

Hyperplasia, lymphoid 
#Uterus (50) 

2 
(50) 

(4%) 
(50) (50) 

Hyperplasia, lymphoid 
#Adrenal cortex (50) (50) 

1 
(50) 

(2%) 
(50) 

Hematopoiesis 1 (2%) 

CIRCULATORY SYSTEM 
#Mesenteric lymph node 

Lymphangiectasis 
#Heart 

Endocarditis, bacterial 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 
2 

(50) 
(4%) 

(50) 

(50) 

#HearUatrium (50) (50) (50) (50) 
Thrombus, mural 2 (4%) 

#Myocardium 
Lymphocytic inflammatory infiltrate 

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

Inflammation, acute/chronic 
Inflammation, chronic 33 (66%) 36 (72%) 31 (62%) 

1 
34 

(2%) 
(68%) 

Inflammation, chronic focal 1 (2%) 1 (2%) 
#Liver (50) (50) (50) (50) 

Periarteritis 1 (2%) 
#Pancreas (50) (50) (50) (50) 

Periarteritis 1 (2%) 
"'Mesentery (50) (50) (50) (50) 

Periarteritis 1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

DIGESTIVE SYSTEM 
#Salivary gland 

Cystic ducts 
(50) (50) (50) (50) 

1 (2%) 
Inflammation, chronic (2%) 
Atrophy, focal 1 (2%) 

#Liver (50) (50) (50) (50) 
Deformity, NOS 3 (6%) 3 (6%) 2 (4%) 2 (4%) 
Cyst, NOS 
Multiple cysts 

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

Congestion, NOS 2 (4%) 
Lymphocytic inflammatory infiltrate 3 (6%) 44 (88%) 45 (90%) 41 (82%) 
Inflammation, granulomatous focal 4 (8%) 48 (96%) 49 (98%) 50 (100%) 
Cholangiofibrosis 4 (8%) 
Degeneration, NOS 2 (4%) 
Degeneration, cystic 1 (2%) 
Necrosis, focal 1 (2%) 
Necrosis, coagulative 2 (4%) 1 (2%) 
Pigmentation, NOS 45 (90%) 47 (94%) 47 (94%) 
Cytoplasmic vacuolization 2 (4%) 2 (4%) 
Focal cellular change 
Cytologic alteration, NOS 

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

Hyperplasia, nodular 4 <8%) 6 (12%) 5 (10%) 
Angiectasis 1 (2%) 1 (2%) 

# Liver/centrilobular (50) (50) (50) (50) 
Degeneration, NOS 2 (4%) 1 <2%) 1 (2%) 
Necrosis, NOS 1 (2%) 

#Bile duct (50) (50) (50) (50) 
Dilatation, NOS 1 (2%) 
Retention of content 1 (2%) 
Cyst, NOS 
Multiple cysts 
Cystic ducts 
Hyperplasia, NOS 1 (2%) 

(2%) 

(2%) 2 

(2%) 

(4%) 

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

Hyperplasia, cystic 4 (8%) 2 (4%) 
#Pancreas (50) (50) (50) (50) 

Lymphocytic inflammatory infiltrate 1 (2%) 1 (2%) 
#Pancreatic acinus (50) (50) (50) (50) 

Atrophy,NOS 2 (4%) 1 (2%) 1 (2%) 4 (8%) 
Atrophy, focal 2 (4%) 1 (2%) 4 (8%) 
Hyperplasia, NOS 
Hyperplasia, focal 

#Glandular stomach 
2 

(50) 
(4%) 

(50) 
1 

(50) 
(2%) 

5 (10%) 

(50) 
Inflammation, acute/chronic 
Inflammation, chronic 

1 (2%) 
1 (2%) 

#Gastric submucosa (50) (50) (50) (50) 
Cyst, NOS 
Edema, NOS 

1 (2%) 
1 (2%) 

Inflammation, chronic 1 (2%) 
#Forestomach (50) <50) (50) (50) 

Edema, NOS 1 (2%) 1 (2%) 
Ulcer, NOS (2%) 
Inflammation, acute/chronic 1 (2%) 
Inflammation, chronic 3 <6%) 2 (4%) 2 (4%) 
Ulcer, chronic 1 (2%) 
Inflammation, chronic focal (2%) 
Inflammation, chronic diffuse 
Hyperplasia, epithelial (2%) 

1 
3 

(2%) 
(6%) 4 (8%) 

Hyperkeratosis 
#Colon (50) (49l 

1 
(50) 

(2%) 
(49) 

Parasitism 6 (12%) 3 (6%) 1 (2%) 4 (8%) 
#Colonic mucosa (50) (49) (50) (49) 

Hyperplasia, epithelial 1 (2%1 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%CI) (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Cecum (50) (49) (50) (49) 

Parasitism 1 (2%) 6 (12%) 2 (4%) 1 (2%) 
*Rectum (50) (50) (50) (50) 

Parasitism 2 (4%) 

URINARY SYSTEM 
#Kidney (50) (50) (50) (50) 

Pyelonephritis, NOS 1 (2%) 
Lymphocytic inflammatory infiltrate 1 (2%) 2 (4%) 
Inflammation, chronic 1 (2%) 
Nephropathy 13 (26%) 19 (38%) 27 (54%) 32 (64%) 
Necrosis, ischemic 1 (2%) 
Pigmentation, NOS 

#Kidney/tubule 
, Pigmentation, NOS 

(50) 
2 (4%) 

(50) 
20 (40%) 

(50) 
30 (60%) 

4 (8%) 
(50) 

25 (50%) 
#Kidney/pelvis 

Mineralization 
(50) 

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

Hyperplasia, epithelial 1 (2%) 
#Urinary bladder (50) (50) (50) (50) 

Lymphocytic inflammatory infiltrate 1 (2%) 
Inflammation, chronic 1 (2%) 
Hyperplasia, epithelial 1 (2%) 1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary 


Cyst, NOS 

Hyperplasia, focal 

Angiectasis 


#Anterior pituitary 

Cyst, NOS 

Multiple cysts 

Hemorrhagic cyst 

Hyperplasia, NOS 

Hyperplasia, focal 

Angiectasis 


#Adrenal 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Degeneration, NOS 
Pigmentation, NOS 
Angiectasis 

#Adrenal cortex 
Accessory structure 
Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Degeneration, NOS 
Degeneration, cystic 
Degeneration, lipoid 
Cytoplasmic vacuolization 
Atrophy, NOS 
Hypertrophy, focal 
Hyperplasia, NOS 
Hyperplasia, focal 
Angiectasis 

#Adrenal medulla 

Hyperplasia, focal 


(50) 
2 
4 
7 

(50) 
7 

1 
2 

16 
(50) 

(50) 
1 

5 
1 

(50) 
6 

(4%) 
(8%) 
(14%) 

(14%) 

(2%) 
(4%) 
(32%) 

(2%) 

(10%) 
(2%) 

(12%) 

(50) 
1 (2%) 

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

3 (6%) 
21 (42%) 

(50) 
1 (2%) 

1 (2%) 
(50) 

(2%) 

4 (8%) 
1 (2%) 

1 (2%) 

2 (4%) 

(50) 
3 (6%) 

(50) 

(50) 
8 
1 

1 
5 

19 
(50) 

1 
1 
2 

(50) 

1 
1 
2 
1 
5 
2 
1 
1 
3 

4 
(50) 

1 

(50) 
1 (2%) 

(50) 
(16%) 3 (6%) 
(2%) 1 (2%) 

(2%) 
(10%) 3 (6%) 
(38%) 19 (38%) 

(50) 

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

(50) 

(2%) 
(2%) 
(4%) 
(2%) 
(10%) 
(4%) 2 (4%) 
(2%) 
(2%) 
(6%) (2%) 

(8%) 3 (6%) 
(50) 

(2%) 6 (12%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 
#Thyroid (50) (48) (50) (50) 

Embryonal duct cyst 2 (4%) 1 (2%) 
Cystic follicles 1 (2%) 
Hemorrhage 1 (2%) 
Hyperplasia, C-cell 4 (8%) 5 (10%) 5 (10%) 6 (12%) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (50) (50) 

Cystic ducts 27 (54%) 16 (32%) 14 (28%) 11 (22%) 
Hyperplasia, cystic 
Adenosis 

3 (6%) 
4 (8%) 

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

*Mammary lobule (50) (50) (50) (50) 
Hyperplasia, NOS 4 (8%) 5 (10%) 2 (4%) 1 (2%) 

*Clitoral gland 
Cystic ducts 

(50) 
4 (8%) 

(50) 
2 (4%) 

(50) 
1 (2%) 

(50) 
4 (8%) 

Lymphocytic inflammatory infiltrate 1 (2%) 
Inflammation, suppurative (2%) 1 (2%) 
Fibrosis 1 (2%) 
Hyperplasia, NOS 1 (2%) 1 (2%) 
Hyperplasia, epithelial 1 (2%) 

#Uterus (50) (50) (50) (50) 
Dilatation, NOS 3 (6%) 2 (4%) 1 (2%) 

#Cervix uteri (50) (50) (50) (50) 
Inflammation, suppurative 

#Uterus/endometrium 
Cyst, NOS 

1 (2%) 
(50) (50) 

2 (4%) 
(50) 

1 (2%) 
(50) 

4 (8%) 
Hemorrhage 1 (2%) 
Inflammation, suppurative 1 {2%) 
Inflammation, chronic 1 (2%) 
Hyperplasia, epithelial 3 {6%) 1 {2%) 1 (2%) 
Hyperplasia, cystic 11 (22%) 19 (38%) 25 (50%) 22 (44%) 
Decidual alteration, NOS 1 (2%) 

#Ovary (50) (50) (50) (50) 
Cyst, NOS 1 (2%) 1 (2%) 
Cystic follicles 2 (4%) 1 (2%) 
Follicular cyst, NOS (2%) 

NERVOUS SYSTEM 
#Brain/meninges 

Inflammation, chronic 
(50) 

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

#Cerebrum (50) (50) (50) (50) 
Hemorrhage 1 (2%) 
Hemorrhagic cyst 1 (2%) 
Gliosis 1 (2%) 
Angiectasis 1 (2%) 

#Brain (50) (50) (50) (50) 
Deformity, NOS 
Hydrocephalus, internal 
Hemorrhage 

1 (2%) 
1 (2%) 

2 (4%) 

(2%) 

SPECIAL SENSE ORGANS 
*Eye 

Retinopathy 
Cataract 

(50) 
16 
12 

(32%) 
(24%) 

(50) 
2 
1 

(4%) 
(2%) 

(50) 
5 
4 

(10%) 
(8%) 

(50) 
3 
1 

(6%) 
(2%) 

Phthisis bulbi 2 (4%) 
*Vitreous body 

Hemorrhage 
(50) (50) (50) (50) 

1 (2%) 
Inflammation, chronic 1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO·YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

CONTROL (VEH) LOW DOSE MID DOSE HIGH DOSE 

SPECIAL SENSE ORGANS (Continued) 
*Eye/crystalline lens (50) (50) (50) (50) 

Mineralization 1 (2%) 1 (2%) 1 (2%) 
*Harderian gland (50) (50) (50) (50) 

Degeneration, NOS 1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Bone (50) (50) (50) (50) 

Osteosclerosis 1 (2%) 
*Skull (50) (50) (50) (50) 

Hyperostosis 3 (6%) 2 (4%) 2 (4%) 1 (2%) 
*Tarsal joint (50) (50) (50) (50) 

Inflammation, chronic 1 (2%) 

BODY CAVITIES 
*Mesentery (50) (50) (50) (50) 

Ectopia 1 (2%) 
Hemorrhage 1 (2%) 
Steatitis 2 (4%) (2%) 2 (4%) 7 (14%) 
Lymphocytic inflammatory infiltrate 1 (2%) 
Inflammation, chronic 1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) (50) 

Pigmentation, NOS 1 (2%) 
Adipose tissue 

Steatitis 1 
Omentum 

Hemorrhage 1 
Steatitis 1 
Inflammation, chronic 1 

Broad ligament 
Steatitis 2 6 10 6 

SPECIAL MORPHOLOGY SUMMARY 
None 

# Number of animals with tissue examined microscopically 
• Number of animals necropsied 
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APPENDIX D 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 


LESIONS IN MICE IN THE TWO-YEAR GAVAGE STUDIES 


OF CHLORINATED PARAFFINS (C23, 43% CHLORINE) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43% Cl) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
*Skin (50) (50) (50) 

Hemorrhage 1 (2%) 
Inflammation, NOS 1 (2%) 
Ulcer, NOS 3 (6%) 2 (4%) 
Inflammation, focal (2%) 
Inflammation, suppurative 1 (2%) 
Inflammation, chronic tll (22%) 4 (8%) t6 (12%) 
Ulcer, chronic 1 (2%) 3 (6%) 1 (2%) 
Fibrosis 1 (2%) 
Atrophy, NOS 1 (2%) 

*Subcutaneous tissue (50) (50) (50) 
Epidermal inclusion cyst 1 <2%) 
Congestion, NOS 1 (2%) 
Inflammation, NOS 2 (4%) 
Inflammation, suppurative 1 (2%) 
Abscess, NOS 1 (2%) 
Inflammation, chronic 1 (2%) 
Degeneration, cystic 1 (2%) 
Necrosis, fat 1 (2%) 
Metaplasia, osseous 1 (2%) (2%) 

RESPIRATORY SYSTEM 
*Nasal cavity (50) (50) (50) 

Inflammation, NOS 1 (2%) 
*Nasal mucosa (50) (50) (50) 

Inflammation, focal 1 (2%) 2 (4%) 8 (16%) 
*Nasal gland (50) (50) (50) 

Inflammation, suppurative 1 (2%) 
#Lung (50) (50) (50) 

Congestion, NOS 1 (2%) 2 (4%) 4 (8%) 
Inflammation, multifocal 1 (2%) 
Inflammation, granulomatous 1 (2%) 
Hyperplasia, alveolar epithelium 1 (2%) 1 <2%) 

#Lung/alveoli (50) (50) (50) 
Histiocytosis 1 (2%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Mediastinum (50) (50) (50) 

Leukocytosis, NOS 1 (2%) 
#Bone marrow (50) (50) (50) 

Angiectasis 1 (2%) 
Hyperplasia, granulocytic 3 (6%) 1 (2%) 1 (2%) 

#Spleen (49) (49) (50) 
Amyloid, NOS 1 (2%) 
Atrophy, NOS 1 (2%) 
Leukemoid reaction 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 1 (2%) 2 (4%) 
Hematopoiesis 10 (20%) 11 (22%) 8 (16%) 

#Splenic red pulp (49) (49) (50) 
Atrophy, NOS 1 (2%) 3 (6%) 

#Mandibular lymph node (50) (50) (50) 
Hyperplasia, NOS 2 (4%) 1 (2%) 

#Mediastinal lymph node (50) (50) (50) 
Hyperplasia, lymphoid 1 (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43% CIJ (Continued) 

HEMATOPOIETIC SYSTEM <Continued) 
#Pancreatic lymph node 

Hyperplasia, lymphoid 
#Mesenteric lymph node 

Congestion, NOS 
Hyperplasia, NOS 
Angiectasis 
Hyperplasia, lymphoid 
Hematopoiesis 

#Iliac lymph node 
Hyperplasia, NOS 

#Inguinal lymph node 
Congestion, NOS 
Degeneration, cystic 
Pigmentation, NOS 
Hyperplasia, NOS 
Angiectasis 
Hyperplasia, lymphoid 

#Lung 
Leukocytosis, NOS 
Hyperplasia, lymphoid 

#Liver 
Leukocytosis, NOS 
Hematopoiesis 

#Peyer's patch 
Hyperplasia, lymphoid 

#Kidney 
Hyperplasia, lymphoid 

#Perirenal tissue 
Hyperplasia, lymphoid 

#Thymus 
Embryonal duct cyst 
Hyperplasia, epithelial 

#Thymic lymphocytes 
Necrosis, NOS 

CONTROL (VEH) 

(50) 
1 (2%) 

(50) 
3 (6%) 

23 (46%) 
1 (2%) 

(50) 

(50) 

(2%) 

(50) 

1 (2%) 
(50) 

(47) 
1 (2%) 

(50) 
1 (2%) 

(50) 

(34) 

1 (3%) 
(34) 

LOW DOSE HIGH DOSE 

(50) 	 (50) 

(50) 	 (50) 

1 (2%) 4 (8%) 

1 (2%) 


21 	 (42%) 14 (28%) 
3 (6%) 1 (2%) 
3 (6%) 

(50) 	 (50) 

1 <2%) 


(50) 	 (50) 

1 (2%) 

1 (2%) 


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

(50) 	 (50) 

2 (4%) 2 (4%) 


(50) 	 <50) 

2 (4%) 1 <2%) 

1 (2%) 


(50) 	 (48) 

2 (4%) 


(50) 	 (50) 

2 (4%) 


(50) 	 (50) 

1 (2%) 


(38) 	 (39) 

1 (3%) 


(38) 	 (39) 

1 (3%) 


CIRCULATORY SYSTEM 
*Multiple organs (50) (50) (50) 

Periarteritis 1 (2%) 
*Mediastinum (50) (50) (50) 

Periarteritis 1 (2%) 
#Mesenteric lymph node (50) (50) (50) 

Thrombosis, NOS 1 (2%) 
#Heart (50) (49) (50) 

Thrombosis, NOS 1 (2%) 
Embolus, septic 1 (2%) 

#Base of heart (50) (49) (50) 
Inflammation, focal 1 (2%) 
Necrosis, focal 1 (2%) 

#Heart/ventricle (50) <49) (50) 
Thrombosis, NOS 1 (2%) 

#Myocardium (50) (49) (50) 
Fibrosis, focal 1 (2%) 1 (2%) 

#Liver (50) (50) (50) 
Thrombosis, NOS 2 (4%) 1 (2%) 1 (2%) 
Embolus, septic 1 (2%) 

#Glandular stomach (50) (50) (50) 
Periarteritis 1 (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43% CI) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM 
*Root of tooth (50) (50) (50) 

Deformity, NOS 1 (2%) 
Inflammation, suppurative 1 (2%) 
Granuloma, NOS 1 (2%) 
Dysplasia, NOS 2 (4%) 

#Salivary gland (50) (49) (49) 
Inflammation, chronic 1 (2%) 

#Liver (50) (50) (50) 
Cyst, NOS 1 (2%) 
Hemorrhage 2 (4%) 
Fibrosis (2%) 
Fibrosis, focal 1 (2%) 
Necrosis, NOS 3 (6%) 
Necrosis, focal 6 (12%) 4 (8%) 
Infarct, NOS 2 (4%) (2%) 
Amyloidosis 1 (2%) 
Fibrosiderotic nodule 1 (2%) 
Nuclear size alteration (2%) 
Cytoplasmic vacuolization 1 (2%) (2%) 6 (12%) 
Angiectasis 4 (8%) 1 (2%) 
Histiocytosis 1 (2%) 

# Liver/centrilobular (50) (50) (50) 
Necrosis, NOS 1 (2%) 
Metamorphosis, fatty 1 (2%) 
Cytoplasmic vacuolization 1 (2%) 1 (2%) 

#Liverlkupffer cell (50) (50) (50) 
Hyperplasia, focal 1 (2%) 

#Bile duct (50) (50) (50) 
Hyperplasia, NOS 1 (2%) 

#Pancreas (50) (50) 150) 
Cystic ducts 1 (2%) 
Basophilic cyto change (2%) 
Atrophy, NOS 1 (2%) 
Atrophy, focal 2 (4%) 

#Esophagus (50) (50) (50) 
Wound, NOS 1 (2%) 
Hyperplasia, epithelial 1 (2%) 

#Glandular stomach (50) (50) (50) 
Hyperplasia, epithelial 1 (2%) 

#Forestomach (50) (50) (50) 
Cyst, NOS 1 (2%) 1 (2%) 
Ulcer, NOS 2 (4%) 
Inflammation, focal 1 (2%) 2 (4%) 1 (2%) 
Hyperplasia, epithelial 3 (6%) 1 (2%) 

#Jejunum (47) (50) (48) 
Inflammation, suppurative 1 (2%) 

#Jejunal mucosa (47) (50) (48) 
Hyperplasia, adenoma to us 1 (2%) 

*Rectum (50) (50) (50) 
Inflammation, chronic 1 (2%) 
Necrosis, focal 1 (2%) 
Hyperplasia, focal 1 (2%) 
Dysplasia, NOS 1 (2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS {C23,43% Cl) {Continued) 

CONTROL (VEH) 

URINARY SYSTEM 
#Kidney 


Pyelonephritis, NOS 

Pyelonephritis, focal 

Inflammation, chronic 

Fibrosis, focal 

Nephrosis, NOS 

Amyloidosis 

Atrophy, NOS 


#Kidney/cortex 

Accessory structure 

Cyst, NOS 


#Kidney/medulla 

Congestion, NOS 


#Renal corpuscle 

Dilatation, NOS 


#Kidney/tubule 

Degeneration, hyaline 

Cytoplasmic vacuolization 


#Kidney/pelvis 

Dilatation, NOS 


ENDOCRINE SYSTEM 
#Anterior pituitary 

Embryonal duct cyst 
#AdrenaVcapsule 

Hyperplasia, focal 
#Adrenal cortex 


Accessory structure 

Amyloidosis 

Cytoplasmic vacuolization 

Ground glass cyto change 

Hypertrophy, focal 

Hyperplasia, focal 


#Adrenal medulla 

Fibrosis, focal 

Hyperplasia, focal 


#Thyroid 
Embryonal duct cyst 
Cystic follicles 
Inflammation, focal 
Lymphocytic inflammatory infiltrate 
Degeneration, cystic 
Hyperplasia, follicular cell 

#Thyroid follicle 

Degeneration, cystic 

Hyperplasia, cystic 


#Parathyroid 

Cyst, NOS 


{50) 

1 (2%) 

16 (32%) 
1 (2%) 

(50) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(43) 
1 (2%) 

(49) 
6 (12%) 

(49) 

1 (2%) 
1 (2%) 

(49) 

1 (2%) 
(49) 

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

(49) 

1 (2%) 
(43) 

LOW DOSE HIGH DOSE 

(50) (50) 
1 (2%) 

21 (42%) 

1 
1 

14 

(2%) 
(2%) 
(28%) 

(50) 
1 

(50) 
(2%) 

(50) 
1 

(50) 

(50) 

(50) 

(2%> 

2 
(50) 

(50) 
1 

(50) 
1 
1 

(50) 
1 

<4%) 

(2%) 

<2%) 
(2%) 

(2%) 

(47) 
1 

(50) 
1 

(50) 

(2%) 

(2%) 

(44) 
1 

(47) 
5 

(47) 
1 

(2%) 

(11%) 

(2%) 

1 
(50) 

1 
2 

(48) 

2 

(2%) 

(2%) 
(4%) 

(4%) 

1 
1 
2 

(47) 

1 
(49) 

3 

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

(2%) 

(6%) 

5 
3 

(48) 

(43) 
1 

(10%) 
(6%) 

(2%) 

5 
4 

(49) 
2 
1 

(38) 

(10%) 
(8%) 

(4%) 
(2%) 

REPRODUCTIVE SYSTEM 
"'Preputial gland (50) (50) (50) 

Cystic ducts 2 (4%) 
Inflammation, NOS 3 (6%) (2%) 4 (8%) 
Inflammation, suppurative 6 (12%) (2%) 6 (12%) 
Inflammation, chronic suppurative 1 (2%) 
Degeneration, cystic 2 (4%) 
Atrophy, NOS 
Hyperplasia, NOS 

1 (2%) 
1 (2%) 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE Dl. SUMMARY OF THE INCID
TWO-YEAR GAVAGE STUDY 

REPRODUCTIVE SYSTEM (Continued) 
#Prostate 

Inflammation, suppurative 
Inflammation, chronic suppurative 
Hyperplasia, epithelial 

*Seminal vesicle 

Dilatation, NOS 

Distention 

Inflammation, suppurative 

Inflammation, chronic 


*Coagulating gland 

Dilatation, NOS 


#Testis 

Atrophy, NOS 


"'Epididymis 

Inflammation, focal 

Granuloma, spermatic 


*Spermatic cord 

Necrosis, fat 


NERVOUS SYSTEM 
#Brain/thalamus 

Psammoma bodies 

SPECIAL SENSE ORGANS 
*Eye 

Retinopathy 
Cataract 

"'Nasolacrimal duct 
Inflammation, NOS 
Inflammation, chronic 

*Harderian gland 
Inflammation, chronic 

ENCE OF N
OF CHLOR

CONTROL 

(49) 
1 
1 
1 

(50) 
1 

(50) 
1 

(50) 

(50) 

(50) 
2 

(50) 
14 

(50) 

(50) 
1 
1 

(50) 
1 

ONNEOPLA
INATED PA

(VEH) 

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

(2%) 

(2%) 

(4%) 

(28%) 

(2%) 
(2%) 

(2%) 

STIC LESI
RAFFINS 

LOW DOSE 	

(50) 	

(50) 	
1 	

(50) 	

(50) 	
3 

(50) 	
1 	

(50) 	

(50) 
21 

(50) 

(50) 
2 

(50) 

ONS IN MA
(C23,43% Cl) (Continue

(2%) 

(6%) 

(2%) 

(42%) 

(4%) 

LE MICE 

HIGH DOSE 

(50) 

(50) 
2 
1 
2 
2 

(50) 

2 

(50) 

1 

(50) 

1 
(50) 

(50) 
25 

(50) 
1 
1 

(50) 

(50) 

IN THE 
d) 

(2%) 

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

(4%) 


(2%) 


(2%) 

(50%) 

(2%) 
(2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVlTIES 
*Mediastinum 

Hemorrhage 
Inflammation, acute suppurative 
Reaction, foreign body 

•Abdominal wall 

Hemorrhage 


*Peritoneum 

Hemorrhage, chronic 


*Pleura 

Inflammation, necrotizing 


*Epicardium 

Fibrosis, focal 


*Mesentery 
Inflammation, suppurative 
Necrosis, fat 
Fibrosiderotic nodule 
Angiectasis 

(50) 
1 

(50) 
1 

(50) 
1 

(50) 

(50) 

(50) 
1 
1 
1 
1 

(2%) 

(2%) 

(2%) 

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

(50) 

2 
2 

(50) 

(50) 

150) 
1 

(50) 

(50) 

(4%) 
(4%) 

(2%) 

(2%) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 

(50) 

2 
1 

(2%) 

(4%) 
(2%) 
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TABLE Dl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C2s,43% Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Inflammation, suppurative 1 (2%) 
Perineum 

Inflammation, chronic suppurative 
Metaplasia, osseous 

Diaphragm 
Inflammation, granulomatous focal 
Infection, fungal 

Foot 
Edema, NOS 

Sole of foot 
Callus 

SPECIAL MORPHOLOGY SUMMARY 
None 

# Number of animals with tissue examined microscopically 
"' Number of animals necropsied 
t Multiple occurrence of morphology in the same organ. Tissue is counted once only. 

Chlorinated Paraffins (C2a. 43% Cl) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE 
IN THE TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43% Cl) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 
ANIMALS NECROPSIED 50 49 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 49 50 

INTEGUMENTARY SYSTEM 
*Skin (50) (49) (50) 

Inflammation, NOS 1 (2%) 2 (4%) 
Inflammation, suppurative (2%) 
Inflammation, chronic 1 (2%) 
Atrophy, focal 1 (2%) 

*Subcutaneous tissue (50) (49) <50) 
Edema, NOS 2 (4%) 1 (2%) 
Inflammation, NOS 1 (2%) 

RESPIRATORY SYSTEM 
*Nasal cavity (50) (49) (50) 

Inflammation, NOS 1 (2%) 
Inflammation, suppurative 2 (4%) 2 (4%) 

"'Nasal mucosa (50) (49) (50) 
Inflammation, focal 3 (6%) 5 (10%) 14 (28%) 

#Lung (50) (49) (50) 
Congestion, NOS 
Hemorrhage 

1 (2%) 
(2%) 

Inflammation, interstitial (2%) 
Hyperplasia, alveolar epithelium 1 (2%) 3 (6%) 

#Lung/alveoli (50) (49) (50) 
Histiocytosis 2 (4%) 2 (4%) 

HEMATOPOIETIC SYSTEM 
"'Multiple organs (50) (49) (50) 

Leukocytosis, NOS 2 (4%) 1 (2%) 3 (6%) 
Hyperplasia, lymphoid 1 (2%) 
Hematopoiesis 2 (4%) 1 (2%) 3 (6%) 

*Mediastinum (50) (49) (50) 
Hyperplasia, lymphoid 1 (2%) 

*Subcutaneous tissue (50) (49) (50) 
Mastocytosis 2 (4%) 

#Bone marrow 
Hyperplasia, granulocytic 
Hyperplasia, reticulum cell 

(50) 
8 (16%) 

(49) 
5 (10%) 

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

#Spleen (49) (49) (50) 
Fibrosiderotic nodule 1 (2%) 
Leukemoid reaction 1 (2%) 
Hyperplasia, lymphoid 3 (6%) 3 (6%) 3 (6%) 
Hematopoiesis 18 (37%) 23 (47%) 20 (40%) 

#Lymph node (50) (48) (50) 
Hyperplasia, NOS 
Hyperplasia, lymphoid 

1 (2%) 
1 (2%) 

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

#Mandibular lymph node 
Hyperplasia, NOS 

(50) 
1 (2%) 

(48) 
2 (4%) 

(50) 
1 (2%) 

Angiectasis 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

#Bronchial lymph node 
Hyperplasia, NOS 

(50) (48) (50) 
1 (2%) 

#Mediastinal lymph node 
Hyperplasia, NOS 

(50) 
7 (14%) 

(48) 
3 (6%) 

(50) 
3 (6%) 

Angiectasis 1 (2%) 
#Abdominal lymph node (50) (48) (50) 

Hyperplasia, NOS 1 (2%) 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO.YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43% Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Celiac lymph node 

Hyperplasia, NOS 
#Pancreatic lymph node 


Hyperplasia, NOS 

Hyperplasia, lymphoid 


#Mesenteric lymph node 

Congestion, NOS 

Hyperplasia, NOS 

Angiectasis 

Hyperplasia, lymphoid 


#Renal lymph node 

Abscess, chronic 

Hyperplasia, NOS 

Angiectasis 


#Iliac lymph node 

Hyperplasia, NOS 

Angiectasis 


#Inguinal lymph node 

Hyperplasia, NOS 


#Lung 

Leukocytosis, NOS 


#Liver 

Leukocytosis, NOS 

Hematopoiesis 


#Peyer's patch 

Hyperplasia, lymphoid 


#Kidney 

Leukocytosis, NOS 


#Urinary bladder 

Hyperplasia, lymphoid 


#Adrenal 

Hematopoiesis 


#Adrenal cortex 

Hematopoiesis 


(50) 

(50) 
1 

(50) 

3 
3 
1 

(50) 
1 

10 

(50) 
6 

(50) 

(50) 
3 

(50) 
8 

10 
(48) 

1 
(50) 

1 
(50) 

(50) 

(50) 

(2%) 

(6%) 
(6%) 
(2%) 

(2%) 
(20%) 

(12%) 

(6%) 

(16%) 
(20%) 

(2%) 

(2%) 

(48) 
2 

(48) 
1 

(48) 
1 
1 
1 

(48) 

7 
1 

(48) 
7 
1 

(48) 
1 

(49) 
7 

(49) 
11 
14 

(46) 

(49) 

(48) 

(49) 

(49) 
1 

(50) 
(4%) 

(50) 
(2%) 

1 (2%) 
(50) 

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

(50) 

<15%) 3 (6%) 
(2%) 

(50) 
(15%) 3 (6%) 
(2%) 1 (2%) 

(50) 
<2%) 

<50) 
<14%) 4 (8%) 

(50) 
<22%) 7 (14%) 
<29%) 11 (22%) 

(50) 

(50) 

(48) 
1 (2%) 

(50) 
1 (2%) 

(50) 
(2%) 3 (6%) 

CIRCULATORY SYSTEM 
#Myocardium (50) (49) (50) 

Inflammation, NOS 1 (2%) 
Inflammation, focal 1 (2%) 
Fibrosis, focal 1 (2%) 

"'Pulmonary artery (50) (49) (50) 
Hypertrophy, NOS 1 (2%) 

#Urinary bladder (50) (48) (48> 
Periarteritis 1 (2%) 

#Uterus (50) (48) (50) 
Thrombosis, NOS 1 (2%) 

#Ovary (46) (42) (47) 
Periarteritis 1 (2%) 

DIGESTIVE SYSTEM 
#Liver (50) (49) (50) 

Cyst, NOS 2 (4%) 
Congestion, NOS (2%) 1 (2%) 
Inflammation, chronic focal 1 (2%) 
Lipogranuloma 1 (2%) 
Fibrosis, multifocal 1 (2%) 

Chlorinated Paraffins (C23• 43% Cl) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43% Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM 
#Liver (Continued) (50) (49) (50) 

Necrosis, focal 2 (4%) 1 (2%) 2 (4%) 
Infarct, NOS 
Metamorphosis, fatty 2 (4%) 

1 (2%) 
1 (2%) 

Cholesterol deposit (2%) 
Pigmentation, NOS 1 (2%) 
Cytoplasmic vacuolization 2 (4%) 2 (4%) 
Angiectasis 2 (4%) 1 (2%) 
Histiocytosis 1 (2%) (50) (49) (50) 

# Liver/centrilobular (50) (49) (50) 
Necrosis, coagulative 1 (2%) 
Metamorphosis, fatty 1 (2%) 

#Pancreas (49) (48) (50) 
Cyst, NOS 1 (2%) 
Edema, NOS 1 (2%) 
Inflammation, chronic 1 (2%) 
Infarct, NOS 1 (2%) 
Atrophy, NOS 1 (2%) 
Atrophy, focal 1 (2%) 1 (2%) 2 (4%) 

#Pancreatic duct (49) (48) (50) 
Hyperplasia, focal 1 (2%) 

#Gastric mucosa (49) (47) (50) 
Ulcer, NOS 1 (2%) 

#Gastric fundal gland (49) (47) (50> 
Dilatation, NOS 1 (2%) 

#Glandular stomach (49) (47) (50) 
Congestion, NOS 1 (2%) 
Inflammation, focal 1 (2%) 

#Forestomach 
Inflammation, focal 

(49) 
2 (4%) 

(47) 
3 (6%) 

(50> 
2 (4%) 

Hyperplasia, epithelial 1 (2%) 2 (4%) 3 (6%) 
#Duodenal mucosa (48) (46) (50) 

Atrophy, focal 1 (2%) 
#Jejunal mucosa (48) (46) (50) 

Amyloidosis 1 (2%) 
#Ileal mucosa (48) (46) (50) 

Amyloidosis 1 (2%) 
#Large intestine (48) (48) (48) 

Edema, NOS 1 (2%) 1 (2%) 
•Perirectal tissue (50) (49) (50) 

Fibrosis 1 (2%) 

URINARY SYSTEM 
#Kidney 

Hydronephrosis 
Cyst, NOS 
Congestion, NOS 
Inflammation, NOS 
Inflammation, focal 
Inflammation, suppurative 
Pyelonephritis, acute 
Nephrosis, NOS 
Necrosis, medullary 

#Kidney/medulla 

Cyst, NOS 


•ureter 
Hyperplasia, epithelial 

#Urinary bladder 

Inflammation, NOS 


(50) (49) (50) 
1 (2%) 
4 (8%) 

(2%) 
(2%) 

(2%) 
(2%) 

1 (2%) 
7 (14%) 2 (4%) 9 (18%) 
1 (2%) 3 (6%) 1 (2%) 

(50) (49) (50) 
1 (2%) 

(50) (49) (50) 
1 (2%) 

(50) (48) (48) 
1 (2%) 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43% CI) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Pituitary 

Cyst, NOS 
Congestion, NOS 
Focal cellular change 
Hyperplasia, focal 
Angiectasis 

#Pituitary intermedia 
Hyperplasia, focal 

#Anterior pituitary 
Hyperplasia, focal 
Angiectasis 

#Adrenal 
Depletion, lipid 

# AdrenaVcapsule 
Hyperplasia, diffuse 

#Adrenal cortex 
Accessory structure 
Depletion, lipid 
Hyperplasia, focal 

#Adrenal medulla 
Pigmentation, NOS 
Hyperplasia, focal 

#Thyroid 
Cystic follicles 
Inflammation, focal 
Lymphocytic inflammatory infiltrate 
Degeneration, cystic 
Hyperplasia, follicular cell 

#Thyroid follicle 
Hyperplasia, cystic 

(46) 
1 
1 

(46) 
1 

(46) 
6 
1 

(50) 
1 

(50) 
1 

(50) 

1 
1 

(50) 

(49) 

1 
2 
6 

12 
(49) 

(2%) 
(2%) 

(2%) 

(13%) 
(2%) 

(2%) 

(2%) 

(2%) 
(2%) 

(2%) 
(4%) 
(12%) 
(24%) 

(46) 

(46) 

(46) 
4 
2 

(49) 

(49) 
1 

(49) 
2 

(49) 
1 
2 

(47) 
2 

4 
1 
7 

(47) 

(45) 

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

(45) 

(45) 
(9%) 5 (11%) 
(4%) 3 (7%) 

(50) 

(50) 
(2%) 

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

1 (2%1 

(50) 
(2%) 
(4%) 

(49) 
(4%) 1 (2%) 

(9%) 4 (8%) 
(2%) 7 (14%) 
(15%) 14 (29%) 

(49) 
1 (2%) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (49) (50) 

Cystic disease 20 (40%) 25 (51%) 23 (46%) 
#Uterus (50) (48) (50) 

Hydrometra 1 (2%) 
Inflammation, suppurative 5 (10%) 3 (6%) (2%) 
Abscess, NOS 1 (2%) 

#Uterine serosa (50) (48) (50) 
Angiectasis 1 (2%) 

#Cervix uteri (50) (48) (50) 
Polyp, NOS 1 (2%) 

#Uterus/endometrium (50) (48) (50) 
Cyst, NOS 1 (2%) 1 (2%) 
Hyperplasia, cystic 42 (84%) 42 (88%) 37 (74%) 

#Fallopian tube (50) (48) (50) 
Dilatation, NOS 1 (2%) 

#Ovary (46) (42) (47) 
Cystic follicles 1 (2%) 
Follicular cyst, NOS 11 (24%) 14 (33%) 20 (43%) 
Parovarian cyst 2 (5%) 
Abscess, chronic (2%) 

Chlorinated Paraffins (C23, 43% Cl) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF CHLORINATED PARAFFINS (C23,43% Cl) (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

NERVOUS SYSTEM 
#Brain (50) (49) (50) 

Hemorrhage 1 (2%) 
Necrosis, focal 1 (2%) 

#Cerebral basal surface (50) (49) (50) 
Displacement, NOS 
Atrophy, pressure 

#Brain/thalamus 
Psammoma bodies 

(50) 
30 (60%) 

2 (4%) 

(49) 
22 (45%) 

1 (2%) 
1 (2%) 

(50) 
16 (32%) 

SPECIAL SENSE ORGANS 
*Eye (50) (49) (50) 

Phthisis bulbi 1 (2%) 
*Nasolacrimal duct (50) (49) (50) 

Inflammation, NOS 2 (4%) 2 (4%) 2 (4%) 
Inflammation, suppurative 1 (2%) 

*Harderian gland (50) (49) (50) 
Inflammation, focal 1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Thoracic cavity 

Inflammation, suppurative 
Reaction, foreign body 

*Mediastinum 
Hemorrhage 

*Peritoneum 
Necrosis, fat 

*Mesentery 
Multiple cysts 
Necrosis, fat 

(50) (49) (50) 
1 (2%) 1 (2%) 
1 (2%) 1 (2%) 

(50) (49) (50) 
1 (2%) 

(50) (49) (50) 
1 (2%) 

(50) (49) (50) 
1 (2%) 
2 (4%) (2%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Inflammation, suppurative 
(50) 

19 (38%) 
(49) 

18 (37%) 
(50) 

18 (36%) 
Broad ligament 

Necrosis, fat 2 3 

SPECIAL MORPHOLOGY SUMMARY 
Autolysis/no necropsy 

# Number of animals with tissue examined microscopically 
*Number of animals necropsied 

Chlorinated Paraffins (C23, 43% Cl) 
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APPENDIX E 


ANALYSES OF PRIMARY TUMORS IN RATS AND MICE 


IN THE TWO-YEAR GAVAGE STUDIES OF 


CHLORINATED PARAFFINS (C23, 43% CHLORINE) 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) 

Vehicle Control 1,875 mg/kg 3,750mg/kg 

Skin: Squamous Cell Papilloma 
Overall Rates (a) 3/50(6%) 
Adjusted Rates (b) 8.6% 
Terminal Rates (c) 2/30(7%) 
Week of First Observation 68 
Life Table Teste (d) P=0.090N 
Incidental Tumor Tests (d) P=0.095N 
Cochran-Armitage Trend Test (d) P=0.082N 
Fisher Exact Test (d) 

Skin: Keratoacanthoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 10.7% 
Terminal Rates (c) 1/30 (3%) 
Week of First Observation 84 
Life Table Tests (d) P=0.258N 
Incidental Tumor Tests (d) P=0.236N 
Cochran-Armitage Trend Test (d) P=0.238N 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 10.0% 
Terminal Rates (c) 3/30 (10%) 
Week of First Observation 105 
Life Table Tests (d) P=0.538 
Incidental Tumor Tests (d) P=0.523N 
Cochran-Armitage Trend Test (d) P=0.573 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma, Sarcoma, or Neurofibrosarcoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 10.0% 
Terminal Rates (c) 3/30 (10%) 
Week of First Observation 105 
Life Table Tests (d) P=0.392 
Incidental Tumor Tests (d) P=0.469 
Cochran-Armitage Trend Test (d) P=0.432 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 9/50 (18%) 
Adjusted Rates (bl 25.6% 
Terminal Rates (c) 5/30 (17%) 
Week of First Observation 74 
Life Table Tests (d) P=0.135 
Incidental Tumor Tests (d) P=0.266 
Cochran-Armitage Trend Test (d) P=0.136 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule 
Overall Rates (a) 0/50 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/30 (0%) 
Week of First Observation 
Life Table Tests (d) P=0.090 
Incidental Tumor Tests (d) ?=0.163 
Cochran-Armitage Trend Test (d) ?=0.101 
Fisher Exact Test (dl 

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

6.3% 0.0% 

2/32 (6%) 0/27 (0%) 

105 

P=0.477N P=0.134N 

P=0.538N P=0.135N 


P=0.500N P=0.121N 


1150 (2%) 2/50 (4%) 

3.1% 6.4% 

1/32 (3%) 1127 (4%) 

105 99 

P=0.172N P=0.360N 

P=0.216N P=0.319N 


P=0.181N P=0.339N 


6/50(12%) 3/50(6%) 

16.3% 8.5% 

3/32 (9%) 1/27 (4%) 

96 92 

P=0.273 P=0.632 

P=0.299 P=0.646 


P=0.243 P=0.661 


7/50(14%) 4/50(8%) 

19.2% 12.0% 

4132 (13%) 2/27 (7%) 

96 92 

P=0.186 P=0.463 

P=0.204 P=0.476 


P=0.159 P=0.500 


9/50 (18%) 14/50 (28%) 

22.8% 32.8% 

3/32 (9%) 3/27 (11%) 

94 73 

P=0.566N P=0.169 

P=0.519N P=0.282 


P=0.603N P=0.171 


3/50(6%) 3/50 (6%) 

8.9% 8.6% 

2/32 (6%) 0/27 (0%) 

100 97 

P=0.129 ?=0.119 

?=0.143 ?=0.218 


?=0.121 ?=0.121 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C28, 43%CIJ (Continued) 

Vehicle Control 1,875mg/kg 3,750mglkg 

Pancreas: Acinar Cell Adenoma 
Overall Rates (a) 6/49 (12%) 
Adjusted Rates (b) 18.1% 
Terminal Rates (c) 4/29(14%) 
Week of First Observation 84 
Life Table Tests (d) P=0.026N 
Incidental Tumor Tests (d) P=0.024N 
Cochran-Armitage Trend Test (d) P=0.021N 
Fisher Exact Test (d) 

Pituitary: Adenoma 
Overall Rates (a) 13/49 (27%) 
Adjusted ~tes (b) 38.1% 
Terminal Rates (c) 10/30(33%) 
Week of First Observation 86 
Life Table Tests (d) P=0.330N 
Incidental Tumor Tests (d) P=0.336N 
Cochran-Armitage Trend Test (d) P=0.296N 
Fisher Exact Test (d) 

Pituitary: Adenoma or Carcinoma 
Overall Rates (a) 15/49 (31%) 
Adjusted Rates (bJ 41.2% 
Terminal Rates (c) 10/30 (33%) 
Week of First Observation 79 
Life Table Tests (d) P=0.351N 
Incidental Tumor Tests (d) P=0.316N 
Cochran-Armitage Trend Test (d) P=0.312N 
Fisher Exact Test (d) 

Adrenal: Pheochromocytoma 
Overall Rates (a) 20/50 (40%) 
Adjusted Rates (b) 56.3% 
Terminal Rates (c) 15/30 (50%) 
Week of First Observation 86 
Life Table Tests (d) ?=0.429 
Incidental Tumor Tests (d) ?=0.518 
Cochran-Armitage Trend Test (d) P=0.541 
Fisher Exact Test (d) 

Adrenal: Pheochromocytoma or Pheochromocytoma, Malignant 
Overall Rates (a) 20/50(40%) 
Adjusted Rates (b) 56.3% 
Terminal Rates (c) 15/30(50%) 
Week of First Observation 86 
Life Table Tests (d) P=0.426 
Incidental Tumor Tests (d) ?=0.515 
Cochran-Armitage Trend Test (d) ?=0.541 
Fisher Exact Test (d) 

Thyroid: C-Cell Adenoma 
Overall Rates (a) 7/50(14%) 
Adjusted Rates (b) 18.2% 
Terminal Rates (c) 2/30(7%) 
Week of First Observation 85 
Life Table Tests (d) P=0.344N 
Incidental Tumor Tests (d) P=0.311N 
Cochran-Armitage Trend Test (d) P=0.326N 
Fisher Exact Test (d) 

1150 (2%) 1150(2%) 
3.1% 3.7% 
1/32 (3%) 1/27 (4%) 
105 105 
P=0.051N P=0.073N 
P=0.054N P=0.062N 

P=0.053N P=0.053N 

6/49(12%) 10/47(21%) 
17.0% 35.5% 
4/32 (13%) 9/27 (33%) 
86 100 
P=0.050N P=0.402N 
P=0.061N P=0.413N 

P=0.062N P=0.359N 

7/49 (14%) 12/47 (26%) 
18.9% 40.8% 
4/32 (13%) 10/27 (37%) 
86 99 
P=0.041N P=0.424N 
P=0.046N P=0.393N 

P=0.044N P=0.373N 

15/50 (30%) 20/50 (40%) 
43.4% 59.2% 
13/32 (41%) 14127 (52%) 
90 89 
P=0.143N ?=0.460 
P=0.159N P=0.580N 

P=0.201N P=0.581N 

16/50(32%) 20/50 (40%) 
46.4% 59.2% 
14/32 (44%) 14/27 (52%) 
90 89 
P=0.194N P=0.460 
P=0.215N P=0.580N 

P=0.266N P=0.581N 

4150 (8%) 5/49 (10%) 
9.7% 16.1% 
1/32 (3%) 3/27 (11%) 
86 81 
P=0.249N P=0.427N 
P=0.301N P=0.358N 

P=0.263N P=0.394N 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

Vehicle Control 1,875mg/kg 3,750mg/kg 

Thyroid: C-Cell Carcinoma 
Overall Rates (a) 4150 (8%) 5/50 (10%) 3/49(6%) 
Adjusted Rates (b) 12.4% 13.9% 10.0% 
Terminal Rates (c) 3/30 (10%) 3/32 (9%) 2/27 (7%) 
Week of First Observation 96 93 99 
Life Table Tests (d) P=0.463N P=0.536 P=0.539N 
Incidental Tumor Tests (d) P=0.379N P=0.569 P=0.473N 
Cochran-Armitage Trend Test (d) P=0.438N 
Fisher Exact Test (d) P=0.500 P=0.511N 

Thyroid: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 11/50 (22%) 9/50(18%) 8/49 (16%) 
Adjusted Rates (b) 28.8% 22.5% 25.2% 
Terminal Rates (c) 5/30 (17%) 4132 (13%) 5/27 (19%) 
Week of First Observation 85 86 81 
Life Table Tests (d) P=0.310N P=0.365N P=0.371N 
Incidental Tumor Tests (d) P=0.232N P=0.393N P=0.274N 
Cochran-Armitage Trend Test (d) P=0.276N 
Fisher Exact Test (d) P=0.402N P=0.323N 

Pancreatic Islets: Islet Cell Adenoma 
Overall Rates (a) 0/49(0%) 1150 (2%) 4150 (8%) 
Adjusted Rates (b) 0.0% 3.1% 11.9% 
Terminal Rates (c) 0/29 (0%) 1/32 (3%) 2/27 (7%) 
Week of First Observation 105 93 
Life Table Tests (d) P=0.024 P=0.520 P=0.066 
Incidental Tumor Tests (d) P=0.034 P=0.520 P=0.092 
Cochran-Armitage Trend Test (d) P=0.027 
Fisher Exact Test (d) P=0.505 P=0.061 

Pancreatic Islets: Islet Cell Adenoma or Carcinoma 
Overall Rates (a) 1149 (2%) 3/50 (6%) 4/50 (8%) 
Adjusted Rates (b) 2.8% 8.5% 11.9% 
Terminal Rates (c) 0/29 (0%) 2/32 (6%) 2/27 (7%) 
Week of First Observation 101 96 93 
Life Table Tests (d) P=0.126 P=0.324 P=0.174 
Incidental Tumor Tests (d) P=0.193 P=0.360 P=0.267 
Cochran-Armitage Trend Test(d) P=0.138 
Fisher Exact Test (d) P=0.316 P=0.187 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 

4/50(8%) 
11.5% 

1/50 (2%) 
3.1% 

0/50 (0%) 
0.0% 

Terminal Rates (c) 2/30 (7%) 1132 (3%) 0/27(0%) 
Week of First Observation 92 105 
Life Table Tests (d) 
Incidental Tumor Tests (d) 

P=0.030N 
P=0.027N 

P=0.174N 
P=O.l86N 

P=0.077N 
P=0.064N 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.026N 
P=0.181N P=0.059N 

Preputial Gland: Adenoma 
Overall Rates (a) 1/50 (2%) 3/50 (6%) 0/50(0%) 
Adjusted Rates (b) 2.6% 8.7% 0.0% 
Terminal Rates (c) 0/30 (Q%) 2/32 (6%) 0/27 (0%) 
Week of First Observation 96 98 
Life Table Tests (d) P=0.386N P=0.331 P=0.490N 
Incidental Tumor Tests (d) P=0.313N P=0.354 P=0.398N 
Cochran-Armitage Trend Test (d) P=0.378N 
Fisher Exact Test (d) P=0.309 P=0.500N 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO·YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%CI) (Continued) 

Vehicle Control 1,875mg/kg 3,750mg/kg 

Preputial Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 

2/50 (4%) 
5.4% 

5/50 (10%) 
13.8% 

1/50(2%) 
2.6% 

Terminal Rates (c) 0/30 (0%) 3/32(9%) 0/27 (0%) 
Week of First Observation 96 93 98 
Life Table Tests (d) P=0.428N P=0.242 P=0.510N 
Incidental Tumor Tests (d) P=0.283N P=0.274 P=0.320N 
Cochran-Armitage Trend Test (d) P=0.412N 
Fisher Exact Test (d) P=0.218 P==0.500N 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 41/50 (82%) 43/50(86%) 39/50 (78%) 
Adjusted Rates (b) 93.2% 95.5% 86.0% 
Terminal Rates (c) 27/30 (90%) 30/32(94%) 21/27 (78%) 
Week of First Observation 74 81 73 
Life Table Tests (d) P=0.485 P=0.565N P==0.519 
Incidental Tumor Tests (d) P=0.229N P=0.599 P==0.288N 
Cochran-Armitage Trend Test (d) P=0.348N 
Fisher Exact Test (d) P=0.393 P==0.402N 

Zymbal Gland: Adenoma or Carcinoma 
Overall Rates (a) 0/50 (0%) 3/50(6%) 2/50 (4%) 
Adjusted Rates (b) 0.0% 8.5% 7.4% 
Terminal Rates (c) 0/30(0%) 2/32(6%) 2/27 (7%) 
Week of First Observation 96 105 
Life Table Tests (d) P=0.180 P=O.l35 P=0.215 
Incidental Tumor Tests (d) P=0.204 P=0.143 P==0.215 
Cochran-Armitage Trend Test (d) P=0.202 
Fisher Exact Test (d) P=O.l21 P=0.247 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 

Chlorinated Paraffins (C23, 43% Cl) 
139 NTPTR305 




TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C2s• 43%Cl) 

Vehicle Control 100mg/kg 300mg/kg 900mg/kg 

Subcutaneous Tissue: Fibroma, Fibrosarcoma, or Sarcoma 
Overall Rates (a) 0/50 (0%) 

Adjusted Rates (b) 0.0% 

Terminal Rates (c) 0/34(0%) 

Week of First Observation 

Life Table Tests (d) P=0.425 

Incidental Tumor Tests (d) P=0.391 

Cochran-Armitage Trend Test (d) P=0.429 

Fisher Exact Test (d) 


Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 1150 (2%) 
Adjusted Rates (b) 2.9% 
Terminal Rates (c) 1/34(3%) 
Week of First Observation 105 
Life Table Tests (d) P=0.289 
Incidental Tumor Tests (d) P=0.262 
Cochran-Armitage Trend Test (d) P=0.297 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests Cd) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary: Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 

Pituitary: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

8/50 (16%) 
19.9% 
3/34(9%) 
96 
P=0.507N 
P=0.364N 
P=0.473N 

22/50 (44%) 
54.4% 
16/34(47%) 
83 
P=0.402N 
P=0.325N 
P=0.338N 

3/50 (6%) 
7.6% 
1134(3%) 
77 
P=0.509N 
P=0.554N 
P=0.500N 

25/50 (50%) 
59.1% 
17/34(50%) 
77 
P=0.369N 
P=0.299N 
P=0.297N 

3/50(6%) 
8.0% 
1130(3%) 
53 
P=0.115 
P=0.126 

P=0.121 

0/50 CO%) 
0.0% 
0/30 (0%) 

P=0.525N 
P=0.525N 

P=0.500N 

10/50 (20%) 
25.5% 
4130 (13%) 
80 
P=0.337 
P=0.479 

P=0.397 

18/50 (36%) 
47.9% 
11/30(37%) 
90 
P=0.432N 
P=0.302N 

P=0.270N 

2/50 (4%) 
5.3% 
0/30 (0%) 
92 
P=0.525N 
P=0.402N 

P=0.500N 

20/50 (40%) 
50.8% 
11/30 (37%) 
90 
P=0.377N 
P=0.205N 

P=0.211N 

1/50 (2%) 2/50 (4%) 
3.0% 5.0% 
1/33 (3%) 0/31 (0%) 
105 82 
P=0.494 P=0.243 
P=0.494 P=0.344 

P=0.500 P=0.247 

3/49 (6%) 2/50 (4%) 
8.2% 6.5% 
1/32 (3%) 2/31 (6%) 
100 105 
P=0.309 P=0.468 
P=0.327 P=0.468 

P=0.301 P=0.500 

7/50 (14%) 8/50 (16%) 
16.6% 19.2 
1/33 (3%) 2/31 (6%) 
94 47 
P=0.480N P=0.546N 
P=0.380N P=0.485N 

P=0.500N P=0.607N 

18/50 (36%) 18/50 (36%) 
41.7% 45.1% 
9/33 (27%) 10/31 (32%) 
71 88 
P=0.300N P=0.392N 
P=0.261N P=0.210N 

P=0.270N P=0.270N 

1150 (2%) 2/50 (4%) 
2.4% 5.8% 
0/33 (0%) 1/31 <3%) 
98 99 
P=0.305N P=0.519N 
P=0.311N P=0.648N 

P=0.309N P=0.500N 

19/50 (38%) 20/50 (40%) 
43.1% 49.1% 
9/33 (27%) 11/31 (35%) 
71 88 
P=O.l99N P=0.338N 
P=0.150N P=0.204N 

P=O.l57N P=0.211N 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO·YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

Vehicle Control IOOmg/kg 

Adrenal: Pheochromocytoma 
Overall Rates (a) 1/50 (2%) 3/50 (6%) 
Adjusted Rates (b) 2.7% 8.3% 
Terminal Rates (c) 0/34(0%) 1130 (3%) 
Week of First Observation 101 92 
Life Table Tests (d) P=0.031 P=0.286 
Incidental Tumor Tests (d) P=0.023 P=0.373 
Cochran-Armitage Trend Test (d) P=0.031 
Fisher Exact Test (d) P=0.309 

Adrenal: Pheochromocytoma or Pheochromocytoma, Malignant 
Overall Rates (a) 1/50 (2%) 4150 (8%) 
Adjusted Rates (b) 2.7% 10.3% 
Terminal Rates (c) 0/34(0%) 1/30(3%) 
Week of First Observation 101 82 
Life Table Tests (d) P=0.049 P=O.l69 
Incidental Tumor Tests (d) P=0.046 P=0.301 
Cochran-Armitage Trend Test (d) P=0.048 
Fisher Exact Test (d) P=0.181 

Thyroid: C-Cell Adenoma 
Overall Rates (a) 5/50 (10%) 5/48(10%) 
Adjusted Rates (b) 14.7% 13.6% 
Terminal Rates (c) 5/34 (15%) 2/28 (7%) 
Week of First Observation 105 71 
Life Table Tests (d) P=0.289N P=0.530 
Incidental Tumor Tests (d) P=0.262N P=0.627 
Cochran-Armitage Trend Test (d) P=0.265N 
Fisher Exact Test (d) P=0.603 

Thyroid: C-Cell Carcinoma 
Overall Rates (a) 4150 (8%) 5/48 (10%) 
Adjusted Rates (b) 11.1% 14.9% 
Terminal Rates (c) 3/34(9%) 3/28(11%) 
Week of First Observation 98 80 
Life Table Tests (d) P=0.093N P=0.406 
Incidental Tumor Tests (d) P=0.083N P=0.482 
Cochran-Armitage Trend Test (d) P=0.083N 
Fisher Exact Test (d) P=0.474 

Thyroid: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 9/50 (18%) 9/48 (19%) 
Adjusted Rates (b) 25.4% 25.2% 
Terminal Rates (c) 8/34(24%) 5/28 (18%) 
Week of First Observation 98 71 
Life Table Tests (d) P=0.082N P=0.459 
Incidental Tumor Tests (d) P=0.065N P=0.593 
Cochran-Armitage Trend Test (d) P=0.068N 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 14150(28%) 13/50(26%) 
Adjusted Rates (b) 37.5% 37.1% 
Terminal Rates (c) 11/34(32%) 9/30 (30%) 
Week of First Observation 98 71 
Life Table Tests (d) P=0.108N P=0.549 
Incidental Tumor Tests (d) P=0.109N P=0.573N 
Cochran-Armitage Trend Test (d) P=0.086N 
Fisher Exact Test (d) P=0.500N 
Fisher Exact Test (d) P=0.565 

300mg/kg 900mg/kg 

6/50 (12%) 
17.6% 
5/33 (15%) 
104 
P=0.059 
P=0.065 

7/50 (14%) 
19.6% 
3/31 (10%) 
97 
P=0.033 
P=0.014 

P=0.056 P=0.030 

6/50(12%) 
17.6% 
5/33 (15%) 
104 
P=0.059 
P=0.065 

7/50 (14%) 
19.6% 
3/31 (10%) 
97 
P=0.033 
P=O.Ol4 

P=0.056 P=0.030 

5/50 (10%) 
14.0% 
4133 (12%) 
85 
P=0.617 
P=0.614 

3/50 (6%) 
9.7% 
3/31 (10%) 
105 
P=0.406N 
P=0.406N 

P=0.630N P=0.358N 

2/50 (4%) 
6.1% 
2/33 (6%) 
105 
P=0.345N 
P=0.335N 

1/50 (2%) 
2.9% 
0131 (0%) 
104 
P=0.203N 
P=0.226N 

P=0.339N P=O.l81N 

7/50(14%) 
19.9% 
6/33 (18%) 
85 
P=0.409N 
P=0.404N 

4150 (8%) 
12.3% 
3/31 (10%) 
104 
P=0.151N 
P=O.l63N 

8/50 (16%) 
21.4% 
5/33 (15%) 
98 
P=0.125N 
P=0.098N 

8/50 (16%) 
22.6% 
5/31 (16%) 
88 
P=O.l64N 
P=O.l46N 

P=O.ll4N 
P=0.393N 

P=0.114N 
P=0.117N 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%CI) (Continued) 

Vehicle Control lOOmg/kg 300mg/kg 900mg/kg 

Mammary Gland: Adenocarcinoma 
Overall Rates (a) {e) 3/50 (6%) 2/50 (4%) 0/50 (0%) 0/50 (0%) 
Adjusted Rates (b) 8.8% 6.2% 0.0% 0.0% 
Terminal Rates (c) 3/34(9%) 1130 (3%) 0/33 (0%) 0/31 (0%) 
Week ofFirst Observation 105 102 
Life Table Tests (d) P=0.075N P=0.545N P=0.126N P=0.137N 
Incidental Tumor Tests (d) P=0.078N P=0.555N P=0.126N P=0.137N 
Cochran-Armitage Trend Test (d) P=0.072N 
Fisher Exact Test (d) P=0.500N P=0.121N P=0.121N 

Mammary Gland: Adenocarcinoma or Fibroadenoma 
Overall Rates (a) 16/50 (32%) 14/50(28%) 8/50 (16%) 8/50 (16%) 
Adjusted Rates (b) 42.9% 40.1% 21.4% 22.6% 
Terminal Rates {c) 13/34(38%) 10/30(33%) 5/33 (15%) 5/31 (16%) 
Week ofFirst Observation 98 71 98 88 
Life Table Tests (d) P=0.053N P=0.553N P=0.058N P=0.082N 
Incidental Tumor Tests {d) P=0.052N P=0.500N P=0.043N P=0.069N 
Cochran-Armitage Trend Test (d) P=0.039N 
Fisher Exact Test (d) P=0.414N P=0.050N P=0.050N 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 9/50(18%) 17/50 (34%) 10/50(20%) 10/50 (20%) 
Adjusted Rates (b) 23.9% 43.5% 29.2% 29.3% 
Terminal Rates (c) 7/34(21%) 9/30 (30%) 9/33 (27%) 8/31 (26%) 
Week ofFirst Observation 49 80 101 47 
Life Table Tests (d) P=0.366N P=0.042 P=0.477 P=0.428 
Incidental Tumor Tests (d) P=0.241N P=0.047 P=0.485 P=0.549 
Cochran-Armitage Trend Test (d) P=0.324N 
Fisher Exact Test (d) P=0.055 P=0.500 P=0.500 

Uterus: Endometrial Stromal Polyp or Sarcoma 
Overall Rates (a) 9/50(18%) 18/50 (36%) 10/50 (20%) 10/50 (20%) 
Adjusted Rates (b) 23.9% 44.7% 29.2% 29.3% 
Terminal Rates (c) 7/34(21%) 9/30(30%) 9/33 (27%) 8/31 (26%) 
Week ofFirst Observation 49 69 101 47 
Life Table Tests (d) P=0.329N P=0.029 P=0.477 P=0.428 
Incidental Tumor Tests (d) P=0.230N P=0.034 P=0.485 P=0.549 
Cochran-Armitage Trend Test (d) P=0.287N 
Fisher Exact Test P=0.035 P=0.500 P=0.500 

(a) Number oftumor-bearing animals/number ofanimals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause ofdeath. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) An adenoma was also observed in one animal. 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) 

Vehicle Control 2,500mg/kg 5,000mg/kg 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 2/50 (4%) 6/50 (12%) 2/50 (4%) 
Adjusted Rates (b) 6.9% 16.2% 6.5% 
Terminal Rates (c) 2/29(7%) 5/36 (14%) 1/28 (4%) 
Week of First Observation 104 102 96 
Life Table Tests (d) P=0.564 P=0.211 P=0.682 
Incidental Tumor Tests (d) P=0.542 P=0.184 P=0.664 
Cochran·Armitage Trend Test (d) P=0.579 
Fisher Exact Test (d) P=0.134 P=0.691 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 5/50 (10%) 5/50 (10%) 3/50 (6%) 
Adjusted Rates (b) 14.9% 11.7% 8.2% 
Terminal Rates (c) 3/29 (10%) 1136 (3%) 1/28 (4%) 
Week of First Observation 93 70 68 
Life Table Tests (d) P=0.317N P=0.517N P=0.378N 
Incidental Tumor Tests (d) P=0.334N P=0.548 P=0.393N 
Cochran-Armitage Trend Test (d) P=0.297N 
Fisher Exact Test (d) P=0.630 P=0.357N 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 7/50 (14%) 10/50 (20%) 5/50 (10%) 
Adjusted Rates (b) 21.5% 24.3% 14.3% 
Terminal Rates (c) 5/29 (17%) 6/36 (17%) 2/28(7%) 
WeekofFirstObservation 93 70 68 
Life Table Tests (d) 
Incidental Tumor Tests (d) 

P =0.363N 
P =0.384N 

P=0.461 
P=0.305 

P=0.406N 
P=0.429N 

Cochran-Armitage Trend Test (d) P= 0.336N 
Fisher Exact Test (d) P=0.298 P=0.380N 

Subcutaneous Tissue: Fibrosarcoma or Neurofibrosarcoma 
Overall Rates (a) 6/50 (12%) 5/50 (10%) 3/50 (6%) 
AdjustedRates(b) 17.0% 11.7% 8.2% 
Terminal Rates (c) 3/29 (10%) 1/36 (3%) 1128(4%) 
Week of First Observation 91 70 68 
LifeTableTests(d) P=0.216N P=0.391N P=0.272N 
Incidental Tumor Tests (d) P=0.214N P=0.627N P=0.258N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.195N 
P=0.500N P=0.243N 

Subcutaneous Tissue: Sarcoma, Fibrosarcoma, or Neurofibrosaarcoma 
Overall Rates (a) 8/50 (16%) 9/50 (18%) 6/50<12%) 
Adjusted Rates (b) 
Terminal Rates (c) 

22.6% 
4129 (14%) 

20.3% 
2/36 (6%) 

16.9% 
2/28 (7%) 

Week of First Observation 91 70 68 
Life Table Tests (d) P=0.385N P=0.560N P=0.429N 
Incidental Tumor Tests (d) P=0.349N P=0.308 P=0.412N 
Cochran-Armitage Trend Test(d) 
Fisher Exact Test(d) 

P=0.339N 
P=0.500 P=0.387N 

Subcutaneous Tissue: Fibroma, Sarcoma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 10/50 (20%) 14/50 (28%) 8/50 (16%) 
Adjusted Rates (b) 
Terminal Rates (c) 

28.8% 
6/29 (21 %) 

32.0% 
7/36 (19%) 

22.5% 
3/28(11%) 

Week of First Observation 91 70 68 
Life Table Tests (d) P=0.407N P=0.427 P=0.443N 
Incidental Tumor Tests (d) P=0.382N P=0.168 P=0.437N 
Cochran·Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.357N 
P = 0.241 P=0.398N 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO·YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

Vehicle Control 2,500mg/kg 5,000mg/kg 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 9/50(18%) 5/50(10%) 9/50 (18%) 
Adjusted Rates (b) 29.1% 13.9% 27.2% 
Terminal Rates (c) 8/29(28%) 5/36 (14%) 5/28 (18%) 
Week of First Observation 70 104 85 
Life Table Tests (d) P=0.529 P=0.096N P=0.570 
Incidental Tumor Tests (d) P=0.533 P=0.107N P=0.575 
Cochran-Armitage Trend Test (d) P=0.555 
Fisher Exact Test (d) P=0.194N P=0.603N 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 2/50(4%) 5/50(10%) 5/50(10%) 
Adjusted Rates (b) 5.6% 13.9% 15.6% 
Terminal Rates (c) 1/29 (3%) 5/36 (14%) 3/28 (11 %) 
Week of First Observation 79 104 78 
Life Table Tests (d) P=0.160 P=0.299 P=0.209 
Incidental Tumor Tests (d) P=O.l83 P=0.252 P=0.233 
Cochran-Armitage Trend Test (d) P=O.l78 
Fisher Exact Test (d) P=0.218 P=0.218 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 11/50 (22%) 10/50 (20%) 13/50 (26%) 
Adjusted Rates (b) 34.0% 27.8% 38.1% 
Terminal Rates (c) 9/29(31%) 10/36 (28%) 8/28 (29%) 
Week of First Observation 70 104 78 
Life Table Tests (d) P=0.324 P=0.300N P=0.375 
Incidental Tumor Tests (d) P=0.350 P=0.350N P=0.402 
Cochran-Armitage Trend Test (d) P=0.360 
Fisher Exact Test (d) P=0.500N P=0.408 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Overall Rates (a) 0/50 (0%) 2/50 (4%) 3/50 (6%) 
Adjusted Rates (b) 0.0% 5.6% 9.5% 
Terminal Rates (c) 0/29 (0%) 2/36 (6%) 2/28 (7%) 
Week of First Observation 104 85 
Life Table Tests (d) P=0.070 P==0.287 P=0.116 
Incidental Tumor Tests (d) P=0.087 P==0.287 P=0.135 
Cochran-Armitage Trend Test (d) P=0.082 
Fisher Exact Test (d) P==0.247 P=0.121 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 0/50(0%) 0/50(0%) 3/50 (6%) 
Adjusted Rates (b) 0.0% 0.0% 8.7% 
Terminal Rates (c) 0/29 (0%) 0/36 (0%) 1128 (4%) 
Week of First Observation 87 
Life Table Tests (d) P=0.032 (e) P=O.l18 
Incidental Tumor Tests (d) P=0.045 (e) P=0.124 
Cochran-Armitage Trend Test (d) P=0.037 
Fisher Exact Test (d) (e) P=0.121 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 5/50 (10%) 10/50 (20%) 10/50 (20%) 
Adjusted Rates (b) 14.3% 26.1% 33.9% 
Terminal Rates (c) 2/29 (7%) 8/36 (22%) 9/28 (32%) 
Week of First Observation 77 99 87 
Life Table Tests (d) P=0.093 P==0.246 P=0.118 
Incidental Tumor Tests (d) P=0.095 P==0.140 P=0.125 
Cochran-Armitage Trend Test (d) P=0.114 
Fisher Exact Test (d) P=0.131 P=0.131 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

Vehicle Control 2,500mg/kg 5,000mg/kg 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 6/50{12%) 12/50 {24%) 16/50(32%) 
Adjusted Rates (b) 16.3% 31.4% 48.7% 
Terminal Rates (c) 2/29 (7qb) 10/36 (28%) 12/28 (43%) 
Week of First Observation 77 99 85 
Life Table Tests (d) P=0.009 P=0.204 P=0.014 
Incidental Tumor Tests (d) P=O.Oll P=0.099 P=0.017 
Cochran-Armitage Trend Test (d) P=0.012 
Fisher Exact Test (d) P=0.096 P=0.014 

Circulatory System: Hemangiosarcoma 
Overall Rates (a) 7/50 (14%) 2/50 (4%) 2/50 (4%) 
Adjusted Rates (b) 21.1% 5.6% 6.8% 
Terminal Rates (c) 4/29 (14%) 2/36 (6%) 1/28 (4%) 
Week of First Observation 93 104 102 
Life Table Tests (d) P=0.044N P=0.046N P=0.099N 
Incidental Tumor Tests (d) P=0.054N P=0.073N P=O.l09N 
Cochran-Armitage Trend Test (d) P=0.042N 
Fisher Exact Test (d) P=0.080N P=0.080N 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 10/50 (20%) 14/50 (28%) 14/50 (28%) 
Adjusted Rates (b) 30.9% 37.7% 42.9% 
Terminal Rates (c) 8/29(28%) 13/36(36%) 10/28 (36%) 
Week of First Observation 70 100 81 
Life Table Tests (d) P=0.173 P=0.444 P=0.215 
Incidental Tumor Tests (d) P=0.168 P=0.377 P=0.205 
Cochran-Armitage Trend Test (d) P=0.210 
Fisher Exact Test (d) P=0.241 P=0.241 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 9/50 (18%) 12/50 (24%) (f) 12/50 (24%) 
Adjusted Rates lb) 22.1% 28.5% 29.9% 
Terminal Rates (c) 2/29 (7%) 7/36 (19%) 3/28(11%) 
Week of First Observation 37 72 76 
Life Table Tests (d) P=0.265 P=0.470 P=0.311 
Incidental Tumor Tests (d) P=0.289 P=0.193 P=0.331 
Cochran-Armitage Trend Test (d) P=0.273 
Fisher Exact Test (d) P=0.312 P=0.312 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 18/50 (36%) 21150 (42%) 23/50 (46%) 
Adjusted Rates <b> 
Terminal Rates (c) 

45.0% 
9/29(31%) 

50.7% 
16/36(44%) 

59.4% 
13/28 (46%) 

Week of First Observation 37 72 76 
Life Table Tests (d) 
Incidental Tumor Tests (d) 

P=O.l71 
P=0.176 

P=0.541N 
P=0.331 

P=0.209 
P=0.205 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.180 
P=0.341 P=0.208 

Adrenal: Adenoma 
Overall Rates (a) 4/49 (8%) 0/50 (0%) 2/47 (4%) 
Adjusted Rates (b) 14.3% 0.0% 7.4% 
Terminal Rates (c) 
Week of First Observation 

4/28 (14%) 
104 

0/36 (0%) 2/27 (7%) 
104 

Life Table Tests (d) P=0.219N P=0.035N P=0.351N 
Incidental Tumor Tests (d) P=0.219N P=0.035N P=0.351N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.233N 
P=0.056N P=0.359N 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C2s, 43% CD (Continued) 

Vehicle Control 2,500mg/kg 5,000mg/kg 

Adrenal: Adenoma or Cortical Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adrenal: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test(d) 

Thyroid: Follicular Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid: Follicular Cell Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (dl 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Harderian Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

4/49(8%) 
14.3% 
4/28(14%) 
104 
P=0.577 
P=0.577 
P=0.570 

1/49 (2%) 
3.6% 
1/28 (4%) 
104 
P=0.593 
P=0.593 
P=0.585 

1/49 (2%) 
3.4% 
1/29 (3%) 
104 
P=0.370 
P=0.359 
P=0.400 

0/49 (0%) 
0.0% 
0/29 (0%) 

P=0.034 
P=0.048 
P=0.038 

1149 (2%) 
3.4% 
1/29 (3%) 
104 
P=0.059 
P=0.065 
P=0.071 

3/50 (6%) 
9.1% 
2/29 (7%) 
81 
P=0.418N 
P=0.416N 
P=0.412N 

0/50 (0%) 4/47 (9%) 
0.0% 14.8% 
0/36 (0%) 4127 (15%) 

104 
P=0.035N P=0.627 
P=0.035N P=0.627 

P=0.056N P=0.619 

4/50 (8%) 1/47 (2%) 
11.1% 3.7% 
4/36(11%' 1/27 (4%) 
104 104 
P=0.261 P=0.754 
P=0.261 P=0.754 

P=0.187 P=0.742 

3/48 (6%) 2/49 (4%) 
8.8% 6.9% 
3/34 (9%) 1/27 (4%) 
104 102 
P=0.363 P=0.476 
P=0.363 P=0.458 

P=0.301 P=0.500 

0/48 (0%) 3/49 (6%) 
0.0% 8.6% 
0/34 (0%) 1/27 (4%) 

83 
(e) P=0.122 
(e) P=0.132 

(e) P=0.121 

3/48 (6%) 5/49 (10%) 
8.8% 15.1% 
3134 (9%) 2/27 (7%) 
104 83 
P=0.363 P=0.099 
P=0.363 P=0.097 

P=0.301 P=0.102 

3/50 (6%) 2/50 (4%) 
8.3% 6.3% 
3/36 (8%) 1/28 (4%) 
104 94 
P=0.572N P=0.505N 
P=0.632N P=0.504N 

P=0.661 P=0.500N 

Chlorinated Paraffins CC23, 43% Cl) 
NTPTR305 146 




TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO·YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43% Cl) (Continued) 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is reported because no tumors were observed in the 2,500 mg/kg and vehicle control groups. 
(t) A hepatoblastoma was also observed in one animal. 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C2s• 43%Cl) 

Vehicle Control 2,500mg/kg 5,000mg/kg 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 1150(2%) 2/49 (4%) 3/50 (6%) 
Adjusted Rates (b) 4.8% 4.8% 11.3% 
Terminal Rates (c) 1/21 (5%) 0/22 (0%) 1/20 (5%) 
Week of First Observation 104 79 84 
Life Table Tests (d) P=0.229 P=0.529 P=0.303 
Incidental Tumor Tests (d) P=0.251 P=0.586 P=0.349 
Cochran-Armitage Trend Test (d) P=0.223 
Fisher Exact Test (d) P=0.492 P=0.309 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 3/50 (6%) 3/49 (6%) 3/50 (6%) 
Adjusted Rates (b) 13.1% 9.1% 11.3% 
Terminal Rates (c) 2/21 (10%) 1/22 (5%) 1/20 (5%) 
Week of First Observation 102 79 84 
Life Table Tests (d) P=0.574 P=0.644N P=0.643 
Incidental Tumor Tests (d) P=0.516N P=0.637N P=0.584N 
Cochran-Armitage Trend Test (d) P= 0.583 
Fisher Exact Test (d) P=0.651 P=0.661 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Overall Rates (a) 5/50 (10%) 2/49 (4%) 6/50 (12%) 
Adjusted Rates (b) 19.8% 9.1% 26.3% 
Terminal Rates (c) 3/21 (14%) 2/22 (9%) 4/20 (20%) 
Week of First Observation 69 105 93 
Life Table Tests (d) P=0.410 P=0.205N P=0.480 
Incidental Tumor Tests (d) P=0.491 P=0.276N P=0.569 
Cochran-Armitage Trend Test (d) P= 0.430 
Fisher Exact Test (d) P=0.227N P=0.500 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 10/50 (20%) 10/49 (20%) 10/50 (20%) 
Adjusted Rates (b) 41.7% 35.6% 44.8% 
Terminal Rates (c) 8/21 (38%) 5/22 (23%) 8/20 (40%) 
Week of First Observation 67 85 96 
Life Table Tests (d) P = 0.526 P=0.571N P=0.559 
Incidental Tumor Tests (d) P = 0.502N P=0.590N P=0.575N 
Cochran-Armitage Trend Test (d) P = 0.550 
Fisher Exact Test (d) P=0.579 P=0.599N 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 15/50 (30%) 12/49 (24%) 20/50 (40%) 
Adjusted Rates (b) 
Terminal Rates (c) 

58.1% 
11/21 (52%) 

43.2% 
7/22 (32%) 

73.1% 
13/20 (65%) 

Week of First Observation 67 85 64 
Life Table Tests (d) 
Incidental Tumor Tests (d) 

P =0.144 
P=0.210 

P=0.295N 
P=0.351N 

P=0.158 
P=0.231 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.166 
P=0.349N P=0.201 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 3/50 (6%) 2/49 (4%) 7/50 (14%) 
Adjusted Rates (b) 14.3% 8.4% 27.0% 
Terminal Rates (c) 3/21 (14%) 1/22 (5%) 3/20 (15%) 
Week of First Observation 104 93 67 
Life Table Tests (d) 
Incidental Tumor Tests (d) 

P=0.093 
P=0.152 

P=0.487N 
P=0.529N 

P=0.144 
P=0.201 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.099 
P=0.510N P=0.159 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%CI) (Continued) 

Vehicle Control 2,500 mg!kg 5,000mg!kg 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test(d) 
Fisher Exact Test (d) 

Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid: Follicular Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/50 (2%) 
4.8% 
1/21 (5%) 
104 
P==0.022 
P==0.043 
P=0.023 

4/50 (8%) 
19.0% 
4/21 (19%) 
104 
P=0.039 
P=0.071 
P=0.042 

13/46 (28%) 
51.5% 
9/20 (45%) 
73 
P=0.361 
P=0.411 
P=0.337 

13/46 (28%) 
51.5% 
9/20 (45%) 
73 
P=0.361 
P=0.411 
P=0.338 

7/49 (14%) 
33.3% 
7/21 (33%) 
104 
P=0.329N 
P=0.329N 
P=0.314N 

7/49 (14%) 
33.3% 
7/21 (33%) 
104 
P=0.339N 
P=0.339N 
P=0.323N 

1149 (2%) 6/50 (12%) 
4.5% 23.3% 
1122 (5%) 2/20 (10%) 
104 90 
P=0.753N P=0.058 
P=0.753N P=0.098 

P==0.747 P=0.056 

3/49 (6%) 10/50(20%) 
12.7% 36.3% 
2/22 (9%) 4/20(20%) 
93 67 
P=0.481N P=0.069 
P=0.518N P=0.106 

P=0.511N P=0.074 

8/46 (17%) 15/45 (33%) 
37.6% 58.0% 
7/20 (35%) 10/20 (50%) 
93 69 
P=0.154N P=0.410 
P=0.166N P=0.448 

P=0.160N P=0.383 

9/46(20%) 15/45 (33%) 
42.4% 58.0% 
8/20 (40%) 10/20 (50%) 
93 69 
P=0.224N P=0.410 
P=0.242N P=0.448 

P=0.232N P=0.383 

4/47 (9%) 5/49 (10%) 
18.2% 25.0% 
4/22 (18%) 5/20 (25%) 
104 104 
P=0.218N P=0.405N 
P=0.218N P=0.405N 

P=0.287N P=0.380N 

6/47 (13%) 5/49 (10%) 
27.3% 25.0% 
6/22 (27%) 5/20 (25%) 
104 104 
P=0.460N P=0.405N 
P=0.460N P=0.405N 

P=0.533N P=0.380N 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF CHLORINATED PARAFFINS (C23, 43%Cl) (Continued) 

Vehicle Control 2,500mg/kg 5,000mg/kg 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 3/50 (6%) 0/48 (0%) 0/50 (0%) 
Adjusted Rates (b) 13.5% 0.0% 0.0% 
Terminal Rates (c) 2/21 (10%) 0121 (0%) 0/20 (0%) 
Week of First Observation 103 
Life Table Tests (d) P=0.040N P=0.125N P=0.131N 
Incidental Tumor Tests (d) P=0.030N P=0.152N P=0.093N 
Cochran-Armitage Trend Test (d) P=0.038N 
Fisher Exact Test (d) P=0.129N P=0.121N 

Harderian Gland: Adenoma 
Overall Rates (a) 4150 (8%) 2/49 (4%) 1150 (2%) 
Adjusted Rates (b) 16.0% 9.1% 4.0% 
Terminal Rates (c) 3/21 (14%) 2/22 (9%) 0/20 (0%) 
Week of First Observation 66 104 97 
Life Table Tests (d) P=0.128N P=0.321N P=0.197N 
Incidental Tumor Tests (d) P=0.119N P=0.375N P=0.173N 
Cochran-Armitage Trend Test (d) P=0.119N 
Fisher Exact Test (d) P=0.349N P=0.181N 

Harderian Gland: Adenoma or Carcinoma 
Overall Rates (a) 4/50 (8%) 3/49 (6%) 1/50 (2%) 
Adjusted Rates (b) 16.0% 13.6% 4.0% 
Terminal Rates (c) 3/21 (14%) 3/22 (14%) 0/20 (0%) 
Week of First Observation 66 104 97 
Life Table Tests (d) P=O.l43N P=0.481N P=0.197N 
Incidental Tumor Tests (d) P=0.133N P=0.538N P=0.173N 
Cochran-Armitage Trend Test (d) P=O.l34N 
Fisher Exact Test (d) P=0.511N P=O.l81N 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
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APPENDIX F 


HISTORICAL INCIDENCES OF TUMORS IN 


F344/N RATS AND B6CSF1 MICE 


ADMINISTERED CORN OIL BY GAVAGE 
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TABLE Fl. HISTORICAL INCIDENCE OF ZYMBALGLAND CARCINOMAS IN MALE F344/NRATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Historical Incidence at Southern Research Institute 

All studies 0/300 

Overall Historical Incidence 

TOTAL(b) 
SD(c) 

8/1,100 (0.7%) 
1.16% 

Range(d) 
High 
Low 

2/50 
0/50 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Includes four carcinomas, NOS, two squamous cell carcinomas, one sebaceous adenocarcinoma of the Zymbal gland, and one 
sebaceous adenocarcinoma of the ear canal. No benign tumors have been observed. 
(c) Standard deviation 
(d) Range and SD are presented for groups of35 or more animals. 
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TABLE F2. HISTORICAL INCIDENCE OF PANCREATIC ISLET CELL TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Adenoma Carcinoma Adenoma or 

Study Carcinoma 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 1149 4/49 5/49 
Benzyl acetate 2/50 1150 3/50 
Allyl isovalerate 2/50 1150 3/50 
HCRedNo.3 3/50 1/50 4/50 
Allyl isothiocyanate 2/50 1150 3/50 
Geranyl acetate 3/49 1149 4/49 

TOTAL 13/298 (4.4%) 9/298 (3.0%) 22/298 (7.4%) 
SD(b) 1.52% 2.51% 1.71% 

Range(c) 
High 3/49 4/49 5/49 
Low 1/49 1150 3/50 

Overall Historical Incidence 

TOTAL 43/1,086(4.0%) 20/1,086 <1.8%) 63/1,086 (5.8%) 
SD(bl 2.82% 2.07% 3.08% 

Range(c) 
High 5/50 4/49 5/49 
Low 0/50 0/50 0/49 

(a) Data as ofAugust 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SO are presented for groups of35 or more animals. 
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TABLE F3. HISTORICAL INCIDENCE OF PANCREATIC ACINAR CELL TUMORS IN MALE F344/N RATS 
ADMINISTERED CORNOILBYGAVAGE (a) 

Incidence in Vehicle Controls 
Adenoma Carcinoma Adenoma or 

Study Carcinoma 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 0/49 0/49 0/49 
Benzyl acetate 1150 0/50 1150 
Allyl isovalerate 1/50 0/50 1150 
HCRedNo.3 11/50 1150 11/50 
Allyl isothiocyanate (b) 1150 0/50 1150 
Geranyl acetate 3/49 1/49 4/49 

TOTAL 14/298 (4.7%) 11298 (0.3%) 14/298 (4.7%) 
SD(cl 8.55% 0.82% 8.55% 

Range (d) 
High 11150 1150 11150 
Low 0/49 0150 0/49 

Overall Historical Incidence 

TOTAL (e) 46/1,086 (4.2%> 2/1,086 <0.2%) 47/1,086 (4.3%) 
SD(cl 7.38% 0.59% 7.37% 

Range(d) 
High 14/50 1149 14/50 
Low 0/50 0/50 0/50 

(a) Data as ofAugust 3, 1984, for studies of at least 104 weeks 
(b) Diagnosed as adenoma, NOS 
(c) Standard deviation 
(d) Range and SD are presented for groups of35 or more animals. 
(e) Includes one adenoma, NOS 
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TABLE F4. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN FEMALE F344/N 
RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Lymphoma Leukemia 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 0/50 
Benzyl acetate 0/50 
Allyl isovalerate 1150 
HCRedNo.3 0/50 
Allyl isothiocyanate 1/50 
Geranyl acetate 0/50 

TOTAL 2/300 !0.7%) 
SD(bl 1.03% 

Range (c) 
High 1150 
Low 0/50 

Overall Historical Incidence 

TOTAL 10/1,100 <0.9%) 
SD(b) 1.60% 

Range (c) 
High 3/50 
Low 0/50 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of35 or more animals. 
(d) Second highest incidence: 16/50 

5/50 
2/50 
4/50 
10/50 
7/50 
8/50 

36/300 (12.0%) 
5.80% 

10/50 
2/50 

196/1,100 (17.8%) 
8.94% 

(d) 21/50 

2/50 
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TABLE F5. HISTORICAL INCIDENCE OF ADRENAL GLAND TUMORS IN FEMALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Pheochromocytoma Pheochromocytoma, Pheochromocytoma or 

Study Malignant Pheochromocytoma, Malignant 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 3/50 0/50 3/50 
Benzyl acetate 1150 0/50 1/50 
Allyl isovalerate 5/50 0/50 5/50 
HCRedNo.3 3/50 0/50 3/50 
Allyl isothiocyanate 1150 1150 2/50 
Geranyl acetate 2/50 0/50 2/50 

TOTAL 15/300 (5.0%) 11300 <0.3%) 16/300 (5.3%) 
SD(bl 3.03% 0.82% 2.73% 

Range (c) 
High 5/50 1150 5/50 
Low 1150 0/50 1/50 

Overall Historical Incidence 

TOTAL 64/1,093 (5.9%) 2/1,093 (0.2%) 65/1,093 (5.9%) 
SD(b) 3.08% 0.59% 2.99% 

Range (c) 
High 6/50 1/50 6/50 
Low 1/50 0/50 1150 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SO are presented for groups of35 or more animals. 

Chlorinated Paraffins (C23, 43% Cl) 
NTPTR305 156 




TABLE F6. HISTORICAL INCIDENCE OF UTERINE ENDOMETRIAL STROMAL TUMORS IN FEMALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Polyps Sarcomas Polyps or Sarcomas 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 17/50 0/50 17/50 
Benzyl acetate 12/50 1/50 13/50 
Allyl isovalerate 11/50 2/50 12/50 
HCRedNo.3 10/50 3/50 12/50 
Allyl isothiocyanate 14/50 1150 14/50 
Geranyl acetate 8/50 1150 8/50 

TOTAL 72/300 (24.0%) 8/300 (2.7%) 76/300 (25.3%) 
SD(b) 6.32% 2.07% 5.89% 

Range (c) 
High 17/50 3/50 17/50 
Low 8/50 0/50 8/50 

Overall Historical Incidence 

TOTAL 234/1,089 (21.5%) 2511,089 (2.3%) 252/1,089 (23 .1%) 
SD(b) 6.31% 1.99% 6.32% 

Range (c) 
High 17/50 3/49 17/50 
Low 6/50 0/50 6/48 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE F7. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE B6C3Ft MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Lymphoma Leukemia Lymphoma or Leukemia 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 9/49 0/49 9/49 
Benzyl acetate 5/50 0/50 5/50 
Allyl isovalerate 4/50 0/50 4/50 
HCRedNo.3 7/50 0/50 7/50 
Allyl isothiocyanate 3/50 0150 3150 
Geranyl acetate 7/50 0/50 7/50 

TOTAL 35/299(11.7%) 0/299 <0.0%) 35/299 (11.7%) 
SD(b) 4.56% 0.00% 4.56% 

Range (c) 
High 9/49 0/50 9/49 
Low 3/50 0/50 3/50 

Overall Historical Incidence 

TOTAL 132/1,097 (12.0%) 3/1,097 <0.3%) 135/1,097 (12.3%) 
SD(bl 4.40% 0.94% 4.30% 

Range (c) 
High 11/50 2/50 11150 
Low 3/50 0/50 3/50 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(bl Standard deviation 
(c) Range and SD are presented for groups of35 or more animals. 
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TABLE FS. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN MALE 
B6C3F1 MICE ADMINISTERED CORNOILBYGAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Adenoma or Carcinoma 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 
Benzyl acetate 
Allyl isovalerate 
HCRedNo.3 
Allyl isothiocyanate 
Geranyl acetate 

TOTAL 
SD(bl 

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD<bl 

Range (c) 
High 
Low 

4/49 
1/49 
5/47 
8/48 
3/50 
4/49 

25/292 (8.6%) 
4.89% 

8/48 
1/49 

42/1,009 (4.2%) 
4.55% 

8/48 
0/49 

4/49 
1/49 
5/47 
8/48 
3/50 
4/49 

25/292 (8.6%) 
4.89% 

8/48 
1149 

(d) 43/1,009 (4.3%) 
4.52% 

8/48 
0/49 

(a) Data as of August 3, 1984,for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of35 or more animals. 
(d) Includes 41 follicular cell adenomas, 1 papillary adenoma, and 1 follicular cell carcinoma 

TABLE F9. HISTORICAL INCIDENCES OF RENAL TUBULAR CELL TUMORS IN B6C3Ft MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Male Female 
No. of Animals No. Diagnosis No. of Animals No. Diagnosis 

at Risk of Tumors at Risk of Tumors 

Historical Incidence at Southern Research Institute 

298 (b) 1(0.3%) Adenocarcinoma 300 (c) 1 (0.3%) Adenocarcinoma 

Overall Historical Incidences 

TOTAL 

1,091 2 
2 

4/1,091 (0.4%) 

Adenoma 
Adenocarcinoma 

1,092 Adenocarcinoma 

1/1,092 (0.1%) 

(a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Observed in the HC Red No.3 study 
(c) Observed in the ethyl acrylate study 
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TABLE FlO. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence at Southern Research Institute 

Ethyl acrylate 1150 2/50 3/50 
Benzyl acetate 0/50 1150 1150 
Allyl isovalerate 2/50 1150 3/50 
HCRedNo.3 4/50 0/50 4/50 
Allyl isothiocyanate 2/50 0/50 2/50 
Geranyl acetate 2/50 3/50 5/50 

TOTAL 11/300 (3.7%) 7/300 (2.3%) 18/300 (6.0%) 
SD(b) 2.66% 2.34% 2.83% 

Range (c) 
High 4/50 3/50 5/50 
Low 0/50 0/50 1150 

Overall Historical Incidence 

TOTAL 41/1,092 (3.8%) 34/1,092(3.1%) 74/1,092 (6.8%) 
SD<bJ 2.65% 2.29% 3.63% 

Range (c) 
High 5/50 4/50 7/50 
Low 0/50 0/50 1150 

{a) Data as of August 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 

{c) Range and SD are presented for groups of 35 or more animals. 
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APPENDIX G 

MUTAGENICITY OF 


CHLORINATED PARAFFINS (C23, 43% CHLORINE) 


IN SALMONELLA TYPHIMUR/UM 
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TABLE Gl. MUTAGENICITY OF CHLORINATED PARAFFINS (C23,43%CI) IN SALMONELLA TYPHIMURIUM 

Strain Dose 
(pg/plate) 

-S9 
Revertants/~late !a, b~ 

+S9(rat) + S9 (hamster) 

TA100 0 
100 
333 

1,000 
3,333 

10,000 

144 ± 12.1 
140 ± 21.3 
165 ± 7.5 
169 ± 13.5 
155 ± 8.5 
138 ± 11.1 

175 ± 14.3 
180 ± 4.0 
213 ± 15.7 
191 ± 16.2 
191 ± 7.0 
176 ± 5.5 

140 ± 9.5 
174 ± 29.2 
189 ± 11.4 
209 ± 12.8 
193 ± 9.1 
158 ± 11.5 

TA1535 0 
100 
333 

1,000 
3,333 

10,000 

5 ± 
5 ± 
3 ± 
5 ± 
5 ± 
4 ± 

1.3 
1.7 
1.8 
0.7 
1.5 
1.3 

7 ± 
10 ± 
7 ± 
8 ± 
5 ± 
9 ± 

2.3 
3.7 
2.4 
3.5 
2.3 
2.5 

9 ± 
11± 
8 ± 

10 ± 
8 ± 
8 ± 

0.7 
1.9 
3.2 
1.5 
2.3 
2.1 

TA97 0 
100 
33 

1,000 
333 

10,000 

3 ± 
5 ± 
5 ± 
3 ± 
4 ± 
2 ± 

0.7 
1.5 
0.5 
1.0 
1.3 
1.5 

8 ± 
8 ± 

10 ± 
10 ± 
14 ± 
10 ± 

0.3 
0.7 
1.5 
2.4 
4.0 
2.5 

8 ± 
4 ± 
7 ± 
9 ± 
9 ± 

11 ± 

1.3 
1.5 
1.7 
2.2 
1.9 
2.5 

TA98 0 
100 
333 

1,000 
3,333 

10,000 

18 ± 
14 ± 
15 ± 
15 ± 
15 ± 
18 ± 

2.4 
0.9 
3.0 
0.9 
2.5 
1.7 

19 ± 
25 ± 
22 ± 
17 ± 
20 ± 
18 ± 

2.2 
4.4 
2.6 
1.8 
2.6 
3.2 

24 ± 
24 ± 
23 ± 
21 ± 
24 ± 
25 ± 

2.3 
3.0 
2.8 
3.5 
1.8 
1.8 

(a) The 89 fractions were prepared from the livers of Aroclor 1254-induced male Sprague-Dawley rats and male Syrian 
hamsters. Cells and test compound or solvent (DMSO) were incubated for 20 minutes at 37° C in the presence of either 89 or 
buffer. After the addition of soft agar, the contents of each tube were poured onto minimal medium, and the plates were in­
cubated at 37° C for 48 hours (Haworth eta!., 1983). The experiment was performed twice, each in triplicate; because the re­
sults were similar, data from only one experiment are shown. 
(b) Mean ± standard error 
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APPENDIX H 


CHEMICAL CHARACTERIZATION OF 


CHLORINATED PARAFFINS (C2a, 43% CHLORINE) 
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APPENDIX H. CHEMICAL CHARACTERIZATION 


I. Identity and Purity Determinations of Chlorinated Paraffins (C23, 43% Chlorine) 
Performed by the Analytical Chemistry Laboratory 

A. 	 Lot no. R-301-137F 

1. 	 Physical properties 

Appearance: 

2. 	 Spectral data 

a. 	 Infrared 

Instrument: 

Cell: 

Results: 

b. 	 Ultraviolet/visible 

Instrument: 

Solvent: 

Results: 

Determined 

Very viscous, pale yellow liquid 

Beckman IR-12 

Thin film between silver 
chloride plates 

See Figure 5 

Cary 118 

Hexanes 

No maximum absorbance 
between 800 and 350 nm 
at 1.0% concentration, 
although there was a 
gradual increase in 
absorbance toward 350 nm. 
Between 350 and 215 nm 
there was one shoulder and 
an increase in absorbance 
toward the solvent cutoff 
which did not resolve into 
a maximum at 0.04% 
concentration. 

Amax (nm) e 

283 (shoulder) 13.9 ± 0.3(8) 

Literature Values 

Consistent with 
literature spectrum 
(Sadtler Standard 
Spectra) 

No literature 
spectrum found. 
Spectrum consistent 
with structure. 
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FIGURE 5. INFRARED ABSORPTION SPECTRUM OF CHLORINATED PARAFFINS (C23,43%Cl) 
(LOT NO. R-301-137F) 



APPENDIX H. CHEMICAL CHARACTERIZATION 


Determined 	 Literature Values 

c. 	 Nuclear magnetic resonance 

Instrument: 	 Varian EM-360-A 

Solvent: 	 Deuterated chloroform 

with tetramethylsilane 

internal standard 


Assignments: See Figure 6 	 No literature reference 
found. Spectrum 
consistent with 
structure. 

Chemical shift (8): 	 a 0.83-1.20 ppm 

b 1.20-2.47 ppm 

c 3.33-4.43 ppm 


Integration ratios: 	 a 5.15 

b 31.32 

c 5.58 


3. 	 Water analysis (Karl Fischer): 0.081% ± 0.004(8)% 

4. 	 Elemental analyses: Theoretical values are based on the empirical formula, 
C2aH41Cl7. 

Element 	 c H Cl 

Theory (T) 48.82 7.30 43.87 


Determined (D) 48.68 7.21 44.29 

48.59 7.24 44.21 


Percent Dtr 99.62 98.97 100.87 


5. 	 Titration for acidic components: An aqueous extract of a solution of chlorinated 
paraffins (C2a. 43% chlorine) and carbon tetrachloride titrated with sodium hydroxide 

3.0 ± 1.2 ppm (assumed to be hydrochloric acid) 
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APPENDIX H. CHEMICAL CHARACTERIZATION 


6. 	 Chromatographic analyses: thin-layer chromatography 

Amount spotted: 100 and 300 pg (20 pg/pl in diethyl ether) 

Reference standard: Hexachlorocyclopentadiene, 50 pg (10 pg/pl in diethyl ether) 

Visualization: Potassium dichromate spray (5% in water), then heated for 15 to 20 

minutes at 110° C, for sample. Ultraviolet light (254 nm) was used for the reference 

before the plate was sprayed. 


System 1 


Solvent: 100% Toluene 

Plates: Aluminum oxide, Type E, F-254 (heated to 110° C for 30 minutes, before use) 


Rr: 0.85 

R5t: 0.99 


System2 

Solvent: Methanol:ethyl acetate (70:30) 

Plates: Whatman KC1s reverse-phase F-254 


Rr: 0.61 

Rst: 0.88 


7. 	 Conclusions: The results of the elemental analyses for carbon, hydrogen, and chlorine 
agreed with the theoretical values for an empirical formula of C23H41Cl7, which best fit 
the manufacturer's specifications of 43% chlorine and average molecular weight of 560. 
Water content was 0.081% ± 0.004(8)% by Karl Fischer analysis. Titration for acidic 
components indicated 3.0 ± 1.2 ppm (assumed to be hydrochloric acid) as compared with 
5 ppm listed on the manufacturer's label. Thin-layer chromatography by two systems 
each indicated a single major spot. The infrared, ultraviolet/visible, and nuclear 
magnetic resonance spectra were consistent with the structure. 
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B. Lot no. R-201-965 

1. 	 Physical properties 

Appearance: 

2. 	 Spectral data 

a. 	 Infrared 

Instrument: 

Cell: 

Results: 

b. 	 Ultraviolet/visible 

Instrument: 

Solvent: 

Results: 

Determined 

Very viscous, pale yellow liquid 

Perkin-Elmer 283 

Thin film between 
silver chloride plates 

See Figure 7 

Cary 118 

Hexanes 

No absorbance from 800 to 
350 nm at a concentration 
of0.8% (w/v). No maximum 
from 350 to 215 nm but a 
gradual increase in absor­
bance toward 215 nm at a 
concentration of0.7% (w/v). 
(A small shoulder was observed 
at 278 nm with an emax value 
of approximately 3.) 

c. Nuclear magnetic resonance 

Instrument: 

Solvent: 

Assignments: 

Chemical shift (8): 

Varian EM-360-A 

Deuterated chloroform with 
tetramethylsilane internal 
standard 

See Figure 8 

a 0.7-1.2 ppm 
b 1.2-3.0 ppm 
c 3.3-4.5 ppm 

Literature Values 

Consistent with 
literature spectrum 
(Sadtler Standard 
Spectra) 

No literature found. 
Spectrum consistent 
with structure of 
chlorinated paraffins 
(C2a. 43% chlorine). 

No literature found. 
Spectrum consistent 
with structure of 
chlorinated paraffins 
(C23, 43% chlorine). 
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FIGURE 7. INFRARED ABSORPTION SPECTRUM OF CHLORINATED PARAFFINS (C23•43%CI) 

(LOT NO. R-201-965) 
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FIGURE 8. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF CHLORINATED PARAFFINS (C23•43%Cl) 
(LOT NO. R-201-965) 



APPENDIX H. CHEMICAL CHARACTERIZATION 


Integration ratios: 	 a 4.85 

b 31.96 

c 6.00 


3. 	 Water analysis (Karl Fischer): <0.03% 

4. 	 Elemental analyses: Theoretical values are based on the empirical formula, 
C2aH41Cl7. 

Element 	 c H Cl 

Theory (T) 48.82 7.30 43.87 


Determined (D) 49.80 7.33 41.61 

50.01 7.31 41.41 


Percent D/T 102.22 100.27 94.62 


5. 	 Titration for acidic components: An aqueous extract of a solution of chlorinated 
paraffins (C23, 43% chlorine) and carbon tetrachloride titrated with 0.02N sodium 
hydroxide to the methyl red: bromcresol green mixed indicator endpoint 

4. 7 ± 0.1 ppm (assumed to be hydrochloric acid) 

6. 	 Chromatographic analyses: thin-layer chromatography 

Amount spotted: 100 and 300 pg (5 and 15 pi ofa 20 pg/pl solution in diethyl ether) 

Reference standard: Hexachlorocyclopentadiene, 50 pg (5 pi of a 10 pg/pl solution in 

diethyl ether) 

Visualization: Potassium dichromate spray (5% in water), then heated for 15 to 20 

minutes at 110° C for the sample. Ultraviolet light was used for the reference before the 

plate was sprayed. 


System 1 

Solvent: 100% Toluene 

Plates: Aluminum oxide, Type E, F -254 (heated to 110° C for 30 minutes, before use) 


Rr: 0.76 (major), 0.80 (reference) 
Rst: 0.95 (major) 

System2 

Solvent: Methanol:ethyl acetate (70:30) 

Plates: Whatman KCts reverse-phase, F-254 


Rr: 0.49 (major), 0.57 (reference) 

Rst= 0.86 
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7. 	 Conclusions: The results of the elemental analysis for carbon were slightly high, for 
chlorine low, and for hydrogen in agreement with the theoretical values for an empirical 
formula ofC2aH41Cl7, which best fits the manufacturer's specifications of 43% chlorine 
and molecular weight of 560. Karl Fischer analysis indicated less than 0.03% water. 
Titration for acidic components indicated 4.7 ± 0.1(8) ppm (assumed to be hydrochloric 
acid) as compared with 6.8 ppm listed on the manufacturer's label. Thin-layer 
chromatography with two systems each indicated a major spot only. The infrared, 
ultraviolet/visible, and nuclear magnetic resonance spectra were consistent with the 
structure of chlorinated paraffins (C2a. 43% chlorine). 

II. 	 Chemical Stability Study of Lot No. R·30l-l37F Performed by the Analytical 
Chemistry Laboratory 

A. 	 Sample storage: Chlorinated paraffins (C2a. 43% chlorine) samples were stored for 2 weeks 
at -20°, 5°, 25°, and 60° C in amber bottles with polyseallids. 

B. 	 Analytical method: Aqueous extracts of the chlorinated paraffins (C2a. 43% chlorine) 
samples dissolved in carbon tetrachloride were titrated with sodium hydroxide. (Hydro­
chloric acid is an expected decomposition product of chlorinated paraffins CC2a. 43% chlo­
rine).) The values found for acidic components in each storage temperature were compared 
with the value for the -20° C sample. 

C. 	 Results 
Acidity (ppm) 


Storage Temperature (assumed to be hydrochloric acid) 


-20°C 	 3.0 ± 1.2 
5°C 2.6 ± 1.2 

25°C 3.6 ± 1.2 
60°C 17.4±1.2 

D. 	 Conclusion: Chlorinated paraffins (C2a. 43% chlorine) shows evidence of instability after 
storage for 2 weeks at 60° C. No significant instability was observed after storage for 2 
weeks at 25° C. 
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III. Chemical Stability Study of Lot No. R-301-137F Performed by the Study Laboratory 

A. 	 Storage conditions: - 20° C 

B. 	 Analytical methods 

1. 	 Thin-layer chromatography 

Plates: Brinkman aluminum oxide, type T, F-254, 0.25 mm, 5 X 20 em. The 

analysis of May 19, 1981, was also performed with Whatman KC1s reversed-phase, 

fluorescent indicator, 0.20 mm, 5 X 20 em plates. 

Amount spotted: 100 and 300 }lg of solution diluted to 10 mg/ml in diethyl ether 

Detection: Visualized with 254 nm ultraviolet before the plates were sprayed with 

5% aqueous potassium dichromate and heated on a hot plate. 

Solvent: System 1--toluene; System 11--o-xylene. 


The plates were developed for the 5/19/81 analysis by the following system: 

Solvent: System 1: acetone:water (85:15); System II: o-Xylene 

2. 	 Infrared spectroscopy: The infrared spectra of these samples were run as a thin film 
between potassium bromide plates with a Perkin-Elmer 621. 

C. 	 Results 

1. 	 Thin-layer chromatography 

Sample size: 100 ),lg 

!!st 

8/19/80 0.9 xylene No measurable impurities present 
1.00 toluene No measurable impurities present 

1129/81 0.99 xylene No measurable impurities present 
0.98 toluene No measurable impurities present 

4/24/81 0.99 xylene No measurable impurities present 
0.96 toluene No measurable impurities present 

2. 	 Infrared spectroscopy: The infrared spectra were consistent with that provided by the 
analytical laboratory. 

D. 	 Conclusion: No noticeable degradation occurred during the studies. 
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APPENDIX I. PREPARATION AND CHARACTERIZATION 


The studies were conducted at the analytical chemistry laboratory. 

I. Sample preparation and storage: Chlorinated paraffins (C2a, 43% chlorine) (10.00 g) were 
dissolved in approximately 50 ml of corn oil in a 100-ml volumetric flask and diluted to 100 mi. After 
a thorough mixing, the solution was allowed to stand to permit bubbles to rise to the surface. Then 
the volume was adjusted with corn oil, and the contents were remixed thoroughly. The target concen­
tration of the chemical in the corn oil solution was 10% (w/v). The corn oil solution was maintained at 
room temperature (approximately 24° C) in the dark and was sampled at weekly intervals over 4 
weeks. 

II. Viscosity determination 

A. 	 Special equipment 

A 4-liter beaker, supported on a magnetic stirrer motor unit with approximately 114-inch 
insulating air space between the beaker and stirrer, was used as a temperature-controlled 
water bath capable of maintaining ± 0.1o C at room temperature. The beaker was equipped 
with a 3-inch magnetic stirring bar to provide circulation. A ring stand assembly with 
clamps to hold a thermometer and viscosity tube also was used. 

Uncalibrated Kinematic Viscometer, Cannon-Fenske type, ASTM No. 300, 50-250 Centi­
stokes range, available from Fisher Scientific Company. 

Thermometer, graduated in 0.2° C divisions. A titer test thermometer, ASTM No. 36C, 
range -2° to 68° C, available from Fisher Scientific Company. 

Timer, either mechanical or electric, capable of measuring to 0.1 second. A Precision Scien­
tific Company "Time It" electric stopwatch was used. 

B. 	 Procedure: An empirical method was used and was based on the assumption that the 
viscosity of the corn oil solution will change if degradation of chlorinated paraffins (C2a, 43% 
chlorine) occurs during storage. No attempt to define viscosity in absolute units was made. 
Readings were expressed in seconds of elapsed time under controlled temperature con­
ditions, and stability was computed relative to the zero time readings. 

A carefully cleaned and dried viscometer tube was filled with 10 ml of chlorinated paraffins 
(C23, 43% chlorine)/corn oil solution (into the large-bore filling tube of the viscometer from a 
10-ml graduated cylinder). The cylinder was allowed to drain for 30 seconds while being 
held at a 45° angle. 

The viscometer tube with sample was placed in a 24° C water bath to a depth at which the 
entire measuring section was immersed. The unit was clamped in a vertical position and 
was allowed to equilibrate for 15 minutes. 

When the solution had equilibrated, the vertical alignment of the tube was checked. Then 
the corn oil solution was drawn with a rubber bulb into the graduated tube of the viscometer 
to a point just above the upper calibration mark. The stopwatch was set at zero, the rubber 
bulb was removed, and the corn oil solution was allowed to flow by gravity. As the meniscus 
of the corn oil solution passed the upper calibration mark, the timer was started, and as the 
meniscus reached the lower calibration mark, the timer was stopped. After the reading was 
recorded, the timer was reset to zero, and the operation was repeated twice more. 
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c. Results 

Number of Compound 
Days Stored at Room Elapsed Time Mean of Elapsed Stablity Relative to 

Temperature (seconds) Time (seconds) Zero Time (percent) 

0 313.8 314.1 313.6 313.8 100.0 
7 315.2 315.5 315.4 315.4 100.5 

14 315.2 314.8 315.2 315.1 100.4 
21 314.5 314.6 314.4 314.5 100.2 
28 314.9 314.7 314.9 314.8 100.3 

III. 	 Conclusions: A 10% (w/v) chlorinated paraffins (C2a. 43% chlorine)/corn oil solution showed no 
measurable change in viscosity, within the limits of the test error (0.5%) after 4 weeks of storage 
at room temperature. Stability of the chemical was inferred on the basis of the stable viscosity 
readings over 4 weeks. 
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APPENDIX J. METHODS OF ANALYSIS 


I. Study Laboratory 

Periodic analysis of dose mixtures was carried out by one or more of the following methods. 

A. 	 Gravimetric method 

1. 	 Weighing bottle procedure: Prepared samples and standards were carefully poured 
into preweighed, clean, and dry 10-ml volumetric flasks, with specially drawn funnels. 
Care was taken to get none of the corn oil solution on the sides of the flasks. The filled 
flasks were then weighed, and the density of the samples and standards was then 
calculated from the weights of these 10.00-ml volumes. 

Standards of the chlorinated paraffins (C2a. 43% chlorine) in corn oil were prepared over 
the concentration range of 4%-75% (w/v). These standards were then weighed, the 
density calculated, and a standard curve prepared (density vs concentration). 

2. 	 Hydrometer method: Standards were prepared by weighing an amount of chlorinated 
paraffins (C23, 40% chlorine) into a 200-ml volumetric flask. Corn oil was added with 
stirring over a period of hours until the standard was diluted to volume. 

The prepared standards and samples were shaken for 30 minutes on a New Brunswick® 
gyratory shaker and stirred for an additional 30 minutes in a constant temperature 
water bath. The samples and standards were then allowed to equilibrate in an ambient, 
constant-temperature water bath for 1 hour. Approximately 150 ml of the sample or 
standard was then poured into a glass-stoppered tube, 32 mm X 305 mm. An 
appropriate hydrometer was immersed into the corn oil solution, so that it floated freely 
without touching the sides of the tube. After equilibration (10 minutes), density 
measurements were made from the hydrometer. The hydrometer was tapped down into 
the corn oil solution and allowed to equilibrate again for two additional density 
measurements. 

A standard curve was obtained from the measured density of the standard and corn oil 
and their known concentrations. The sample concentrations were then obtained from 
the measured density of the sample as compared to the standard curve. 

B. 	 Viscosity method: Ten milliliters of a standard or sample was carefully delivered from a 
10-ml graduated cylinder into the large bore filling tube of the viscometer. The graduated 
cylinder was allowed to drain for 30 seconds while being held at a 45° angle. The filled 
viscometer was clamped in the water bath and equilibrated for at least 15 minutes at 24.0° 
± 0.1° C. 

When the solution had equilibrated, the vertical alignment of the tube was checked. Then 
with a flow of nitrogen, the corn oil solution was forced up into the viscometer to a point just 
above the upper calibration mark. A stopwatch was set at zero, and the corn oil solution 
allowed to flow by gravity. As the meniscus of the corn oil solution passed the upper 
calibration mark, the timer was started, and as the meniscus reached the lower calibration 
mark, the timer was stopped. 

Standards of the chlorinated paraffins (C23, 43% chlorine) in corn oil were prepared over the 
concentration range of 4%-75% (w/v). The viscosity of these standards was measured, and a 
standard curve was prepared. 
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II. Analytical Chemistry Laboratory 

A. 	 Preparation of standard spiked corn oil: Five or six corn oil standards were prepared by 
weighing quantities ofchlorinated paraffins (C23, 43% chlorine) into 10-ml volumetric flasks 
and diluting to volume with unclosed corn oil. The flasks were wrapped with foil and 
thoroughly shaken. A 10-ml volumetric flask containing only the unclosed corn oil was used 
for a blank. These standards bracketed the specified concentration range of the referee 
sample. 

B. 	 Preparation of referee sample: Two 10-ml portions of the dosed referee corn oil sample 
were transferred to individual 10-ml volumetric flasks that were wrapped in foil to protect 
the solutions from light. The samples and the spiked corn oil standards were analyzed 
immediately by the procedure below. 

C. 	 Analysis 

See Appendix I, II. A and B. 

D. 	 Quality assurance measures: The referee corn oil sample was analyzed in duplicate and 
the unclosed corn oil sample was analyzed once. Individually spiked portions ofundosed corn 
oil (five or six levels bracketing the specified concentration range of the sample) were 
prepared from six independently weighed standards and were treated like the referee 
samples for obtaining standard data. Triplicate time readings of each standard and sample 
were made on the viscometer. The temperature of the water bath was controlled to ± 0.1° C. 
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TABLE Kl. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN·WEEK GAVAGE STUDIES 

OF CHLORINATED PARAFFINS (C2s, 43% Cl) 


Target Concentration (a) of Chlorinated Paraffins (C23, 43% Cl) in Corn Oil 
Date Mixed ~~ercent w/v2 

4.7 9.38 18.76 37.5 75.0 

lll13n9 <a> 3.8 13.6. 22.3 35.0 66.4 
7.0 12.5 20.5 33.0 75.2 

121lln9<b> (c) 15.0 10.0 19.6 39.7 74.7 
5.0 10.0 19.6 39.6 78.0 

12/1ln9(a) 7.0 9.6 21.1 39.9 81.0 
7.2 10.0 20.0 37.8 76.2 

(a) Determined by viscosity method 
(b) Determined by density method 
(c) Suspected mixing error 
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TABLE K2. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
CHLORINATED PARAFFINS (C23, 43% Cl) 

Concentration (a) of Chlorinated Paraffins (C23, 43% Cl) in Corn Oil 
Date Mixed for Target Concentration <eercent w/v~ 

2 6 18 25 37.5 50 75 

08/06/80 1.8 5.8 18.8 40.1 
09/03/80 (b) 3.7 19.8 (b)49.2 
09/05/80 (c)2.6 (c)74.8 
10/01180 (b)7.6 (b)27.4 41.2 
10/02/80 (c) 7.2 (cl27.0 
10/29/80 2.0 19.4 54.8 75.4 
11/26/80 (b)7.4 (b)27.8 40.6 
12/02/80 (c) 5.7 (c)26.8 
12/10/80 
12/12/80 

(b) 1.6 
(c) 1.9 

18.8 54.5 78.4 

01/21/81 
01/28/81 

2.0 
(b)2.4 

6.0 
5.6 

17.5 
17.5 

24.4 
24.6 

36.4 
35.8 

48.4 
48.6 

74.0 
75.0 

02/02/81 (c) 1.8 
02/04/81 2.1 6.4 17.6 24.9 36.1 48.0 73.2 
02/11/80 2.2 6.3 18.3 24.6 37.4 49.0 70.0 
02/18/81 2.2 5.7 18.2 24.5 37.0 49.7 73.1 
02/25/81 2.2 5.8 16.8 23.9 34.2 46.7 68.2 
03/04/81 (b) 1.6 6.0 19.0 27.0 40.8 54.6 80.0 
03/06/81 (c)2.0 
03/11/81 1.8 5.4 17.2 23.5 36.0 48.4 71.4 
03/18/81 2.2 5.8 18.4 25.2 37.5 49.8 75.1 
03/25/81 2.2 6.5 19.0 26.0 40.0 52.9 80.7 
04!01/81 2.0 5.6 17.9 25.0 37.3 48.6 73.0 
04/08/81 2.0 6.0 18.8 25.3 38.7 49.6 75.3 
04/15/81 2.2 6.1 18.0 24.7 36.8 46.1 71.0 
04/22/81 1.8 5.7 17.9 25.3 34.5 47.7 72.2 
04/29/81 2.0 6.2 18.3 25.2 37.3 48.1 71.6 
05/06/81 1.9 6.1 18.1 25.1 37.3 47.1 71.8 
05/13/81 2.0 5.9 18.2 25.1 36.7 47.0 71.4 
05/20/81 2.0 6.0 18.3 25.3 37.8 47.1 72.1 

(d)06/10/81 1.9 17.8 51.0 75.6 
07/08/81 6.2 25.0 38.9 
08/05/81 2.1 16.5 50.3 76.8 
09/02/81 (b)7.9 25.0 38.0 
09/08/81 (e)7.8 
09/09/81 (c) 5.4 
09/30/81 1.8 17.9 49.5 79.8 
10/28/81 
11/18/81 
12/16/81 
01/20/82 
03/17/82 
05/12/82 

2.0 

2.2 
2.0 
2.0 

6.0 

5.8 
5.7 

(f) 5.4 
5.7 

17.6 

17.1 
16.4 
17.2 

25.0 

25.1 
24.2 
23.2 
24.1 

38.9 

39.3 
35.8 
36.3 
37.0 

48.0 

49.3 
48.1 
49.2 

76.6 

78.8 
77.5 
79.2 

Mean (percent) 
Standard deviation 

2.1 
0.36 

6.1 
0.62 

18.0 
0.83 

25.0 
1.04 

37.6 
1.84 

49.3 
2.37 

73.8 
5.85 

Coefficient of variation 
(percent) 

Range (percent) 
Number of samples 

17.1 
1.6-3.7 

29 

10.2 
5.4-7.9 

28 

4.6 
16.4-19.8 

29 

4.2 
23.2-27.8 

27 

4.9 
34.2-41.2 

28 

4.8 
46.1-54.8 

27 

7.9 
49.2-80.7 

28 
Numberofsam.fles 

greater than -10% of 
target concentration 4 4 0 2 0 0 

(a) Results of duplicate analysis 
(b) Out of slNcifications. Not used in the studies. 
(c) Remix. ot included in the mean. 
(d) All mixes beginning on 6/10/81 were prepared on a w/w rather than a w/v basis, making the concentrations 2.2%, 6.5%, 
19.6%, 27.2%, 40.8%, 54.4%, and 81.6%. To allow comparisons with the w/v percentages, all determined w/w values were 
divided by the conversion factor 1.088, except the 2.2% and 6.5% (w/w) values that were divided by 1.10 and 1.083, respectively. 
(e) Remix out of specifications. Not used in the studies or included in the mean. 
(f) Out of specifications. Used in the studies. 
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TABLE K3. RESULTS OF REFEREE ANALYSIS IN THE TWO-YEAR GAVAGE STUDIES OF 
CHLORINATED PARAFFINS (C23, 43% Cl) 

Date Mixed Target Concentration 
Determined Concentration (a) 

Study Referee 
(percent w/v) Laboratory Laboratory 

08/06/80 37.5 
02/18/81 18.0 
07/08/81 6.0 

01/20/82 75.0 

40.1 
18.2 

(b)6.2 
(c)6.0 

(b)78.8 
(c)78.8 

37.3 
17.7 
5.8 
6.0 

90.0 
89.9 

(a) Results of duplicate analysis 
(b) Samples were taken from the formulation room before dosing. 
(c) Animal room samples were taken after dosing. 
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APPENDIX L. SENTINEL ANIMAL PROGRAM 


I. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in 
optimally clean facilities to eliminate potential pathogens that may affect test results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the test rooms. These animals are un­
treated, and these animals and the test animals are both subject to identical environmental con­
ditions. The sentinel animals come from the same production source and weanling groups as the 
animals used for the studies of chemical compounds. 

Fifteen B6C3Ft mice and 15 F344/N rats of each sex are selected at the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
are killed at 6, 12, and 18 months on study. Data from animals surviving 24 months are collected 
from 5/50 randomly selected control animals of each sex and species. The blood from each animal is 
collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to Micro­
biological Associates' Comprehensive Animal Diagnostic Service for determination of the viral anti­
body titers. The following tests are performed: 

Hemagglutination 
Inhibition 

Complement 
Fixation ELISA 

Mice PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
GDVII (Theiler's 

encephalomyelitis virus) 
Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai 

M.Ad. (mouse adenovirus) 
LCM (lymphocytic 

choriomeningitis virus) 
MHV (mouse hepatitis 

virus) (6, 12 mo) 

MHV(mouse 
hepatitis virus) 
(18, 24 mo) 

Rats PVM 
KRV (Kilham rat virus) 
H-1 (Toolan's H-1 virus) 
Sendai 

RCV (rat corona virus) 

II. Results 

One of10 mice examined at 12 months had a positive serologic reaction for MHV. No other positive 
reactions were observed. 
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APPENDIX M. SEROLOGIC ANALYSES 


The packed cell volume (hematocrit) was determined with heparinized microhematocrit tubes (Todd­
Stanford, 1969). Hemoglobin was determined with a Coulter hemoglobinometer. Erythrocyte and 
leukocyte counts were made with a Coulter Counter•, Model ZBI, with an aperture of 1,000 microns. 
For differential counts, blood films were stained with Cameo Quik stain (buffered Wright's stain) and 
evaluated by light microscopy. Clinical chemistry included total protein, albumin, globulin, 
albumin/globulin ratio, sorbitol dehydrogenase (SDH), aspartate aminotransferase, and alanine 
aminotransferase determinations in serum. Serum chemistry determinations were performed with a 
Union Carbide Centrifi.Chem• 500 centrifugal analyzer. The SDH activity was determined by the 
method of Dooley et al., 1979. 

Results are presented in Table Ml. 

TABLE Ml. METHODS FOR SERUM ANALYSES 

Assay Technique/Method Reference 

Total protein 

Albumin 

Globulin 

Albumin/globulin ratio 

Aspartate aminotransferase 

Alanine aminotransferase 

Biuret technique 

Bromcresol green method 

Calculated by subtracting albumin 
value from total protein 

Calculated using albumin and 
globulin values 

Modified Karmen technique 

Modified Wroblewski and 
LaDue technique 

CentrifiChem Methodology Sheet 
(Union Carbide Revised 1/80) 

CentrifiChem Methodology Sheet 
(Union Carbide Revised 3n9l 

CentrifiChem Methodology Sheet 
(Union Carbide Revised 1180) 

CentrifiChem Methodology Sheet 
(Union Carbide Revised 1/80) 
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APPENDIX N 


INGREDIENTS, NUTRIENT COMPOSITION, AND 


CONTAMINANT LEVELS IN 


NIH 07 RAT AND MOUSE RATION 


Pelleted Diet: June 1980 to July 1982 

(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE Nl. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (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 
Brewer's dried yeast 2.00 
Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and mineral) 0.25 

(a) NIH,1978; NCI, 1976 
(b) Ingredients should be ground to pass through a U.S. Standard Screen No. 16 before being mixed. 

TABLE N2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 

Ds 

Ks 

d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
B12 

Pyridoxine 

Biotin 


Minerals 

Iron 

Manganese 

Zinc 

Copper 

Iodine 

Cobalt 


5,500,000 IU 
4,600,000 IU 

2.8g 
20,000IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4g 

10.0 g 
4,000 llg 

1.7g 
140.0mg 

120.0 g 
60.0g 
16.0 g 
4.0 g 
1.4g 
0.4g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione activity 

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 lb) of finished product 
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TABLE N3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Nutrient Mean Range Number of Samples 

Crude protein 24.04 ± 0.75 22.7-25.1 24 
Crude fat (percent by weight) 4.84 ± 0.80 4.1-5.7 24 
Crude fiber (percent by weight) 3.40 ± 0.29 2.9-4.3 24 
Ash (percent by weight) 6.56 ± 0.50 5.7-7.43 24 

Essential Amino Acids (percent of total diet) 

Arginine 1.260 1.21-1.31 2 
Cystine 0.395 0.39-0.40 2 
Glycine 1.175 1.15-1.20 2 
Histidine 0.553 0.530-0.576 2 
Isoleucine 0.908 0.881-0.934 2 
Leucine 1.905 1.85-1.96 2 
Lysine 1.250 1.20-1.30 2 
Methionine 0.310 0.306-0.314 2 
Phenylalanine 0.967 0.960-0.974 2 
Threonine 0.834 0.827-0.840 2 
Tryptophan 0.175 0.171-0.178 2 
Tyrosine 0.587 0.566-0.607 2 
Valine 1.085 1.05-1.12 2 

Essential Fatty Acids (percent of total diet) 

Linoleic 2.37 1 
Linolenic 0.308 1 
Arachidonic 0.008 1 

Vitamins 

Vitamin A <IU/kg) 11,146 ± 2,291 7,200-17,000 24 
Vitamin D (lU/kgJ 6,300 1 
a-Tocopherol (ppm) 37.6 31.1-44.0 2 
Thiamine (ppm) 17.6±3.3 7.4-27.0 (b) 23 
Riboflavin (ppm) 6.9 6.1-7.4 2 
Niacin (ppm) 75 65-85 2 
Pantothenic acid (ppm) 30.2 29.8-30.5 2 
Pyridoxine (ppm) 7.2 5.6-8.8 2 
Folic acid (ppm) 2.1 1.8-2.4 2 
Biotin (ppm) 0.24 0.21-0.27 2 
Vitamin B1z (ppb) 12.8 10.6-15.0 2 
Choline (ppm) 3,315 3,200-3,430 2 

Minerals 

Calcium (percent) 1.29 ± 0.21 0.81-1.69 24 
Phosphorous (percent) 1.00 ± O.D7 0.86-1.10 24 
Potassium (percent) 0.809 0.772-0.846 2 
Chloride (percent) 0.557 0.479-0.635 2 
Sodium (percent) 0.304 0.258-0.349 2 
Magnesium (percent) 0.172 0.166-0.177 2 
Sulfur (percent) 0.278 0.270-0.285 2 
Iron (ppm) 418 409-426 2 
Manganese (ppm) 90.8 86.0-95.5 2 
Zinc(ppm) 55.1 54.2-56.0 2 
Copper (ppm) 12.68 9.65-15.70 2 
Iodine (ppm) 2.58 1.52-3.64 2 
Chromium (ppm) 1.86 1.79-1.93 2 
Cobalt (ppm) 0.57 0.49-0.65 2 

(a) One or two batches of feed analyzed for nutrients reported in this table were manufactured in January and/or April1983. 
(b) One batch (July 22, 1981) was not analyzed for thiamine. 
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TABLE N4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Mean ± Standard 
Contaminant Deviation Range Number ofSamples 

Arsenic (ppm) 

Cadmium (ppm) 

Lead(ppm) 

Mercury (ppm) (a) 

Selenium (ppm) 


Aflatoxins (ppb) (a,b) 


Nitrate nitrogen (ppm) (c) 

Nitrite nitrogen (ppm) (c) 

BHA (ppm) (d, e) 

BHT (ppm) (d) 


Aerobic plate count <CFU/g) 

Coliform (MPN/g) (f) 

Coliform <MPN/g) (g) 

E. Coli (MPN/g} 

Total nitrosamines (ppb) (h, i) 

Total nitrosamines (ppbl (i,j) 

N-Nitrosodimethylamine (ppb) (h, i) 

N-Nitrosodimethylamine (ppb) (i,j) 

N-Nitrosopyrrolidine (ppb) 


Pesticides (ppm) 


a-BHC (a, kl 

~-BHC (al 

y-BHC-Lindane (a} 

o-BHC (a) 

Heptachlor (a) 

Aldrin (a) 

Heptachlor epoxide (a) 

DOE <al 

DDD<al 

DDT(a) 

HCB(al 

Mirex (a) 

Methoxychlor (a,l) 

Dieldrin (a) 

Endrin (a) 

Telodrin (a) 

Chlordane (a) 

Toxaphene (a) 

Estimated PCB's (a) 

Ronnel (a) 

Ethion(a) 

Trithion (a) 

Diazinon (a, m) 

Methyl parathion (a) 

Ethyl parathion (a) 

Malathion (a, m) 

Endosulfan I (a) 

Endosulfan II (a) 

Endosu1fan sulfate (a) 


0.42 ± 0.21 
0.09 ± 0.02 
0.99 ± 0.72 

< 0.05 
0.31 ± 0.08 

<10 

8.15 ± 3.65 
2.23 ± 1.59 
4.55 ± 3.59 
2.55 ± 1.40 

40,592 ± 32,056 

30.3 ± 53.2 

74.8 ± 224.5 


<3 


7.20 ± 7.04 
29.40 ± 64.76 
5.67 ± 6.49 

27.67 ± 64.38 
1.35 ± 0.92 

<0.01 
<0.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.05 
<0.01 
<0.01 
<0.01 
<0.05 
<0.1 
<0.2 
<0.01 
<0.02 
<0.05 
<0.1 
<0.02 
<0.02 

0.09 ± 0.06 
<0.01 
<0.01 
<0.03 

<0.05-1.06 

<0.05-0.10 


0.42-3.37 


0.14-0.52 

<5.0-<10.0 

2.1-17.0 
0.4-6.9 

<0.4-13.0 
0.8-5.9 

4,900-120,000 
<3-240 

<3-1,100 

0.8-24.5 
0.8-273.3 
0.8-20.0 
0.8-272 
0-3.5 

0.09 (8/26/81} 

0.2 {4127/81) 

<0.05-0.27 

24 
24 
24 

24 

24 

24 
24 
24 
24 

24 
23 
24 
24 

21 
24 
21 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
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TABLE N4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

(a) All values were less than the detection limit, which is given in the table as the mean. 
(b) Detection limit was reduced from 10 ppb to 5 ppb after 7/81. 
(c) Source of contamination: Alfalfa, grains, and fish meal 
(d) Source of contamination: Soy oil and fish meal 
(e) Two batches contained less than 0.5 ppm. 
(f) Mean, standard deviation, and range exclude one very high value of 1,100 obtained in the batch produced on 12/16/80. 
(g) Mean, standard deviation, and range include the high values listed in footnote (f). 
(h) Mean, standard deviation, and range exclude three extreme values in the range of115-273.2 ppb obtained in batches 
produced on 1/26/81,2/23/81, and 4/27/81. 
(i) All values were corrected for percent recovery. 
(j) Mean, standard deviation, and range include the extreme value given in footnote h. 
(k) BHC, hexachlorocyclohexane or benzene hexachloride 
(I) One observation was above the detection limit. The value and the date it was obtained are listed under the range. 
(m) Eleven batches contained more than 0.05 ppm. 
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APPENDIX 0. ABSTRACT FROM NTP TR 308 


(Approximation) 


CHLORINATED PARAFFINS 


Average chain length: C12 


Approximately 60% chlorine by weight 


Molecular weight: 411 (average) 

ABSTRACT 

Toxicology and carcinogenesis assessments of chlorinated paraffins (C12. 60% chlorine), a material 
widely used as a flame retardant and extreme-pressure lubricant, were conducted in male and female 
F344/N rats and male and female B6C3F1 mice in single-administration, 16-day, 13-week, and 2-year 
studies. Doses used in the 2-year studies were 0, 312, or 625 mglkg body weight per day administered 
by gavage in corn oil five times per week to groups of 70 male and female rats and 0, 125, or 250 
mg/kg administered to groups of 50 male and female mice. Ten male and 10 female rats were killed 
after 6 and 12 months of dosing and examined for toxicity. 

No chemically related toxicity was observed in single-administration studies in which male and fe­
male rats received doses of chlorinated paraffins (C12. 60% chlorine) up to 13,600 mglkg body weight 
and male and female mice up to 27,200 mg/kg. In 16-day studies, deaths did occur in groups of male 
and female rats given 7,500 mglkg and in groups of male and female mice given doses of 1,875 mglkg 
or higher. In 13-week studies, no chemically related deaths occurred among male and female rats 
given up to 5,000 mglkg or mice given up to 2,000 mglkg. Increased liver weights were noted in dosed 
rats and mice of each sex in the short-term studies, and dosed male rats showed more severe nephrop­
athy than did vehicle controls. Doses selected for the 2-year studies were those that caused a minimal 
increase in liver weight in the short-term studies. 

Liver and kidney weights were increased in dosed rats killed at 6 and 12 months. Morphometric mea­
surements demonstrated hepatocyte hypertrophy in the livers of dosed rats. Lesions of the kidney 
tubules and interstitial inflammation increased with dose in male and female rats. 

During the 2-year studies, body weights of high dose male rats were 8%-12% lower than those of ve­
hicle controls after week 20, and body weights of dosed female mice were about 10% lower than those 
of vehicle controls during the second year. Survival of dosed male rats was lower than that of vehicle 
controls after about week 85, perhaps due to toxicity to the kidney (final survival: vehicle control, 
27/50; low dose, 6/50; high dose, 3/50). Survival of low dose female rats was lower than that of vehicle 
controls (34/50; 24150; 29/50). Survival of dosed male mice was not significantly different from that of 
vehicle controls (34/50; 31150; 31/50). Survival of high dose female mice was lower than that of ve­
hicle controls after about week 75 (final survival: 36/50; 31/50; 25/50). 
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APPENDIX 0. ABSTRACT FROM NTP TR 308 


Chemically related nonneoplastic lesions consisted of hypertrophy and minimal focal necrosis of the 
liver in rats; erosion, inflammation, and ulceration of the glandular stomach and forestomach in male 
rats; and formation of multiple cysts in the kidney tubules of male rats. The incidence of nephropathy 
was also increased in dosed female rats and mice. The maximum tolerated dose may have been ex­
ceeded in male and female rats. 

Neoplastic lesions associated with chlorinated paraffins CC12. 60% chlorine) administration were 
found in the liver of rats and mice of each sex: 

Vehicle Control Low Dose High Dose 
Male rats 

Neoplastic nodules 0/50 10/50 16/48 
Carcinomas 0/50 3/50 2/48 

Female rats 

Neoplastic nodules 0/50 4/50 7/50 

Carcinomas 0/50 1/50 1/50 


Male mice 

Adenomas 11150 20/50 29/50 

Carcinomas 11150 15/50 17/50 


Female mice 
Adenomas 0/50 18/50 22/50 
Carcinomas 3/50 4/50 9/50 

Dosed male rats showed increased incidences of kidney tubular cell hyperplasia (1150; 9/50; 12/49) 
and of tubular cell adenomas (0/50; 7/50; 3/49); two low dose males had tubular cell adenocarcinomas. 
The incidences of mononuclear cell leukemia were increased in dosed male rats (7/50; 12/50; 14/50) 
and in low dose female rats (11/50; 22/50; 16/50). Pancreatic acinar cell tumors occurred at increased 
incidences in low dose male rats (11150; 22/50; 17/50). Follicular cell adenomas or carcinomas 
(combined) of the thyroid gland were found at increased incidences in both female rats (0/50; 6/50; 
6/50) and female mice (8/50; 12/49; 15/49). 

Chlorinated paraffins (C12, 60% chlorine) was not mutagenic in Salmonella typhimurium strains 
TA97, TA98, TA100, or TA1535 in the presence or absence of Aroclor 1254-induced male Sprague­
Dawley or male Syrian hamster liver 89 when tested according to the preincubation protocol. 

An audit of the experimental data was conducted for these 2-year studies on chlorinated paraffins 
CC12. 60% chlorine). No data discrepancies were found that influenced the final interpretations. 

Under the conditions of these 2-year gavage studies, there was clear evidence of carcinogenicity* of 
chlorinated paraffins CC12. 60% chlorine') for F344/N rats based on increased incidences of hepato­
cellular neoplasms (primarily neoplastic nodules) in male and female rats, of adenomas or adenocar­
cinomas (combined) of the kidney tubular cells in male rats, and offollicular cell adenomas or carcino­
mas (combined) of the thyroid gland in female rats. Mononuclear cell leukemia in dosed male rats 
may have been related to administration of chorinated paraffins (C12. 60% chlorine). There was clear 
evidence ofcarcinogenicity of chlorinated paraffins (C12. 60% chlorine) for B6C3Ft mice as shown by 
increased incidences of hepatocellular adenomas and of adenomas or carcinomas (combined) in dosed 
male and female mice and increased incidences of adenomas and of adenomas or carcinomas 
(combined) of thyroid gland follicular cells in dosed female mice. 

•categories ofevidence ofcarcinogenicity are presented in the Note to the Reader on page 2. 
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APPENDIX P. DATA AUDIT SUMMARY 


The experimental data for the NTP Technical Report on the Toxicology and Carcinogenesis Studies of 
Chlorinated Paraffins (Cza, 43% Chlorine) were examined for completeness, consistency, and ac­
curacy and for procedures consistent with Good Laboratory Practice requirements. The audit was 
conducted during December 1984 at the National Toxicology Program Archives, Rockville, Maryland, 
by the following personnel of ImmuQuest Laboratories, Inc., and Pathology Associates, Inc.: P.H. 
Errico, M.A.; K.M. Witkin, Ph.D.; C.S. Reese; L.H. Brennecke, D.V.M.; and C.S. Corson, HT (ASCP). 
The 2-year studies in B6C3Fl mice and F344/N rats were conducted by Southern Research Institute, 
Birmingham, Alabama, from August 1980 to August 1982. 

The full audit report has been reviewed and approved by NTP personnel and is on file at NIEHS. The 
audit involved a review of all prestudy data (i.e., receipt, quarantine, randomization, protocol, cor­
respondence) and a complete review of data (body weight, clinical observation, necropsy, and 
pathology) for 10% of the animals in each group. Ten percent of the dosing volume records and all of 
the chemistry and mortality data were audited. A slide/block match was conducted for all high dose 
and vehicle control animals. Wet tissue examination and animal identification were performed on a 
random 10% sample of rats and mice, and the correlation between gross and microscopic diagnoses 
was audited for 10% of the rats and mice. 

The inlife data for the 2-year studies of chlorinated paraffins (Cza, 43% chlorine) were found to be in 
generally good order. Randomization data were not available for review nor were quarantine data for 
the rats. Some dosing discrepancies (detailed in the Technical Report) were noted by the laboratory, 
but these had no significant impact on the studies. These discrepancies included use of incorrect 
dosing volumes as well as dosing a group (or part of a group) with the wrong concentration. Periodic 
reanalyses of the bulk chemical by thin-layer chromatography and infrared spectral analysis indi­
cated no degradation during the studies, but the imprecise nature of these methods did not allow 
absolute confirmation that chemical purity was maintained. 

Comparison of gross and microscopic diagnoses revealed 31 potential lesions in nontarget organs in 
rats and 22 potential nontarget organ lesions in mice. Further examination of slides and wet tissues 
resolved all but seven discrepancies in rats and one in mice. These eight lesions were distributed be­
tween tissues and dose groups such that their resolution would have no impact on the results of the 
study; therefore, no further action was taken. 

In summary, the audit of the data for the 2-year studies of chlorinated paraffins (Cza, 43% chlorine) 
revealed some uncertainties relating to bulk chemical analyses. Other minor problems noted during 
the audit, but not considered to influence the interpretation of the results, were not necessarily pur­
sued to conclusion but are noted in the full audit report. In conclusion, the data presented in the 
Technical Report are considered adequate to meet the objectives of these studies. 
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