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NOTE TO THE READER

This is one in a series of experiments designed to determine whether selected chemicals produce
cancer in animals. Chemicals selected for testing in the NTP carcinogenesis bioassay program are
chosen primarily on the bases of human exposure, level of production, and chemical structure. Selection
per se is not an indicator of a chemical's carcinogenic potential. Negative results, in which the test
animals do not have a greater incidence of cancer than control animals, do not necessarily mean that a
test chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a test chemical is carcinogenic for animals under the
conditions of the test and indicate that exposure to the chemical is a potential 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.

This study was initiated by the National Cancer Institute's Carcinogenesis Testing Program, now part
of the National Institute of Environmental Health Sciences, National Toxicology Program.

Comments and questions about the National Toxicology Program Technical Reports on Carcino-
genesis Bioassays should be directed to the National Toxicology Program, located at Room A-306,
Landow Building, Bethesda, MD 20205 (301-496-1152) or at Research Triangle Park, NC 27709
(919-541-3991).

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes
may occur. Readers are requested to communicate any mistakes to the Deputy Director, NTP (P.O.
Box 12233, Research Triangle Park, NC 27709), so that corrective action may be taken. Further,
anyone who is aware of related ongoing or published studies not mentioned in this report is encouraged
to make this information known to the NTP.

These NTP Technical Reports are available for sale from the National Technical Information Ser-
vice, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (702-487-4650).

Single copies of this carcinogenesis bioassay technical report 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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CARCINOGENESIS BIOASSAY OF
BUTYL BENZYL PHTHALATE

C —O —CH2 —CH2 —CH2 —

BUTYL BENZYL PHTHALATE

CAS NO. 85-68-7
C19H20°4 Mo>- Wt 312.37

ABSTRACT

A carcinogenesis bioassay of butyl benzyl phthalate, a plasticizer for vinyl chloride plastics, was
accomplished by feeding diets containing 6,000 or 12,000 ppm of the phthalate to groups of 50 F344/ N
rats and 50 B6C3F1 mice of each sex for 28 to 103 weeks.

Mean body weights of dosed female rats and mice of each sex were lower than those of the control
animals throughout most of the study.

After week 14, an increasing number of dosed male rats died as a result of an unexplained internal
hemorrhaging, and all surviving male rats were killed at week 29 to 30. Because of compound-related
mortality, butyl benzyl phthalate was not adequately tested for carcinogenicity in male F344/ N rats.

Mononuclear cell leukemias occurred at a statistically significant (P=0.011) increased incidence in
the high-dose group of female rats when compared with the control group and with a significantly
(P=0.006) increasing trend (controls 7/49, 14%; low-dose 7/49, 14%; high-dose 18/50, 36%). The
incidence in the high-dose group and the overall trend remained statistically significant (P=0.008 and
P=0.019) when compared with the historical incidence for F344/N female rats with leukemia at this
laboratory (77/399,19%). Further, this leukoproliferation was generally characterized by splenomeg-
aly and often by hepatomegaly.

Administration of butyl benzyl phthalate was not associated with increased incidences of any type of
tumor among male or female mice.

Tumor rates were decreased in female rats for fibroadenomas of the mammary glands (20/ 49,14/ 49,
9/50) and in male mice for lymphomas of the hematopoietic system (13/50, 11/49, 4/50) and for
alveolar/bronchiolar adenomas or carcinomas (17/50, 11/49, 8/50).

Under the conditions of this bioassay, butyl benzyl phthalate was probably carcinogenic for female
F344/ N rats, causing an increased incidence of mononuclear cell leukemias. The male F344/ N rat study
was considered inadequate for evaluation due to compound-related toxicity and early mortality. Butyl
benzyl phthalate was not carcinogenic for B6C3F1 mice of either sex.
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SUMMARY OF PEER REVIEW COMMENTS ON THE
BIOASSAY OF BUTYL BENZYL PHTHALATE

On June 27, 1980, this report underwent 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 a.m. in Room 1331, Switzer Building, 330 C Street, S.W., Washington, D.C.

Dr. Mirer, as a principal reviewer for the report on the bioassay of butyl benzyl phthalate, agreed
with the conclusion in the report, that under the conditions of the bioassay, butyl benzyl phthalate was
not clearly carcinogenic for female F344/N rats and because of compound-related toxicity and mortal-
ity, this chemical was not adequately tested for carcinogenicity in male F344/N rats. Butyl benzyl
phthalate was not carcinogenic for B6C3F1 mice of either sex. Dr. Mirer stated that the incidence of
mononuclear cell leukemia in high-dose female rats may have been related to the compound, but noted
that the historical rate of leukemia in control F344/N rats was higher than in the controls for this
bioassay.

As second principal reviewer, Dr. Murphy stated that the conclusions regarding the association of
butyl benzyl phthalate exposure with increased leukemia were vague, but basically he agreed with the
statement that in female F344/ N rats leukemias of the hematopoietic system may have been related to
administration of the test chemical. He commented that weight gain data for female rats made it
questionable whether a maximum tolerated dose was used. Both reviewers were concerned with the lack
of explanation for the internal hemorrhaging that resulted in high mortality and early termination of the
study in male rats. Dr. Murphy also suggested that the discussion in the report could be expanded
regarding the higher incidence of leukemia in female rats at the high dose.

Dr. Mirer moved that the report on the bioassay of butyl benzyl phthalate be accepted with the
incorporation of suggested modifications, principally a clarifying discussion after a reexamination of
the data surrounding the increased incidence of leukemia in female rats, and a statement in the summary
on the lack of carcinogenic effects in mice. Dr. Murphy seconded the motion and the report was
approved unanimously by the Peer Review Panel.

On 23 June 1981, this revised carcinogenesis bioassay report on butyl benzyl phthalate was recon-
sidered and the new conclusion was approved by the NTP Peer Review Panel. This open meeting took
place in the auditorium, Building 101, National Institute of Environmental Health Sciences, Research
Triangle Park, NC.

During the reevaluation of the relevant data (as suggested by the Panel), the experimental incidence
rates for mononuclear cell leukemia were compared with the temporal historical rates in the test
laboratory (since 1977) for "all leukemias": 77/399 (19%, range -12 to 24%). According to this conserva-
tive approach, the incidence of mononuclear cell leukemia in the high-dose female F344/N rats
remained significantly higher when compared with historical controls (P=0.008) and also when com-
pared with concurrent controls (P=0.011); the dose-related trend statistic was significant for both
comparisons (P=0.019 and P=0.006). Based on the reanalysis, the conclusion was revised to read that
"butyl benzyl phthalate was probably carcinogenic for F344/ N rats, causing an increased incidence of
mononuclear cell leukemias." The data for male rats and B6C3F1 mice were not reexamined.

There was considerable discussion among the peer review panel members and NTP staff about
historical control rates (especially with regard to the leukemias), about the definition of leukemias and
how these lesions are diagnosed, and about what "probably carcinogenic" means. A consensus was
reached that the revised conclusion was appropriate to the data.

Dr. Williams moved that the proposed conclusion for the report on the bioassay of butyl benzyl
phthalate be accepted. Dr. Swenberg seconded the motion and the report was approved unanimously
by the Peer Review Panel.
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I. INTRODUCTION

C — 0-CH2— CH2 — CH2 —

BUTYL BENZYL PHTHALATE

CAS NO. 85-68-7
C19H20°4 Mo<- Wt- 312.37

Butyl benzyl phthalate (CAS No. 85-68-7;
synonyms: BBP; benzyl butyl phthalate; phthal-
ic acid; benzyl butyl ester; Santicizer 160) is a
clear slightly viscous liquid added to polymers
such as polyvinyl chloride to give flexibility and
softness. Not chemically bound to the polymer,
butyl benzyl phthalate is dispersed in the matrix
of polymer chains (Autian, 1973) and thus under
certain conditions may migrate from the
polymer.

Butyl benzyl phthalate has been used as a
component of car upholstery and air conditioner
filters (Statsek, 1974; Singmaster and Crosby,
1976). Butyl benzyl phthalate is approved by the
U.S. Food and Drug Administration for use in
food contact articles, provided these contain less
than 1% dibenzyl phthalate by weight (CFR,
1967; CFR, 1976). Although specific production
figures for butyl benzyl phthalate are not avail-
able, annual production exceeds 5,000 pounds
per year (USITC, 1979).

Butyl benzyl phthalate induces extra-medullary
hematopoiesis in the liver and spleen and peri-
portal hepatitis in Swiss-Webster mice adminis-
tered 0.125 to 0.5 g/kg by the intraperitoneal
route (Calley et al., 1966). The intraperitoneal
LDso for this strain of mouse was 3.16 g/ kg. The
LDso values determined in this NTP/ NCI bioas-
say are: 2.33 g/kg for F344/N rats, 6.16 g/kg for
male B6C3F1 mice, and 4.17 g/kg for female
mice.

Butyl benzyl phthalate was not mutagenic in
Salmonella typhimurium strains TA 98, TA 100,

TA 1535, and TA 1537 with and without meta-
bolic activation (NTP, 1980). Likewise a muta-
genic response was not seen in Escherichia coli
(wild or uvrA") and this phthalate gave negative
results in differential killing assays using repair
deficient strains of E. coli (uvrA", polA", recA~)
(Kuarata, 1975). Mammalian cytogenetic studies
using Chinese hamster ovary cells to detect
chromosome aberrations and sister chromatid
exchanges were also negative (NTP unpublished
results).

In the chick embryo system, butyl benzyl
phthalate was shown to be lethal by Haberman et
al. (1968) but not by Bower et al. (1970); abnor-
mal development was not observed (Bower et al.,
1970 and Haberman et al., 1968) and neonatal
death rates at 21 days of age were not affected
(Haberman et al., 1968).

Carcinogenesis studies have been completed
by the NCI or are ongoing by the NTP on other
phthlates and related compounds; diallyl phthal-
ate (chronic testing phase); di(2-ethylhexyl)adipate
caused liver tumors in mice (NTP, 1982a); di(2-
ethylhexyl)phthalate induced liver tumors in male
and female F344/N rats and in male and female
B6C3F1 mice (NTP, 1982b); diethyl phthalate
(prechronic testing completed); dimethyl tereph-
thalate probably induced lung tumors in male
B6C3F1 mice (NCI, 1979a); and phthalamide
(NCI, 1979b) and phthalic anhydride (NCI, 1979c)
did not cause any increase in tumor incidence in
rats or mice.

Butyl Benzyl Phthalate 12



I. INTRODUCTION

Butyl benzyl phthalate did not induce a posi-
tive pulmonary adenoma response in strain A
mice (Theiss et al., 1977). Three dose levels (160,
400, and 800 mg/ kg), including a maximum tol-
erated dose, were administered to 3 groups of 20
mice for a total of 24 intraperitoneal injections
(3,840; 9,600, and 19,200 mg/kg); all 60 mice
survived the 24-week experiment.

Butyl benzyl phthalate was tested by the NCI
Carcinogenesis Testing Program because con-
sumer exposure to products containing this plas-
ticizer may be widespread, because no long-term
carcinogenesis studies were available or planned,
and because butyl benzyl phthalate is part of a
phthalate chemical class study.

13 Butyl Benzyl Phthalate
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II. MATERIALS AND METHODS: CHEMICAL ANALYSIS

CHEMICAL ANALYSIS
The butyl benzyl phthalate (CAS No. 85-68-7)

used in this bioassay was manufactured by Mon-
santo (St. Louis, MO) and supplied by Missouri
Solvents and Chemicals (Kansas City, MO) in
two batches. Lot No. M2676 was used for the
Subchronic studies and the first 34 weeks of the
chronic studies, and Lot No. M81977 was used
for the final 70 weeks of the chronic studies. Both
lots were stored in the dark in their original
containers.

Elemental analysis, determination of boiling
point, thin-layer and vapor-phase chroma-
tography, and infrared, ultraviolet, and nuclear
magnetic resonance spectrum analyses for both
lots of butyl benzyl phthalate were consistent
with those expected for the structure (Appen-
dixes E and F). For Lot No. M81977, results of
thin-layer chromatography by one solvent system
indicated only one component, and those from a
second system indicated the major component
and one trace impurity. Results of vapor-phase
chromatography by one solvent system indicated
eight impurities — two had areas that were
0.22% and 0.59% of the major peak and the rest
totaled less than 0.2% of the major peak area.
Ten impurities were detected by vapor-phase
chromatography by a second system — three
with areas of 0.22%, 0.27%, and 1.19% of the
major peak and the rest with a total area that was
0.4% of the major peak. A purity of 97.2%
±1.1(6)% was indicated by the results of (ester)
hydrolysis titration. For Lot No. M2676, the
results of thin-layer chromatography indicated
the presence of only one component. Similar
results were obtained from vapor-phase chroma-
tography by one system, while those from a
second system indicated an impurity whose area
was 1.8% that of the major peak.

DIETARY PREPARATION
Test diets were prepared by mixing the chemi-

cal with an aliquot of powdered Wayne Lab
Blox® animal feed (Allied Mills, Chicago, IL),
which was combined with the rest of the feed by
mixing in a Patterson-Kelly® intensifier bar V-
blender for 15 minutes. Test diets were sealed in
labeled plastic bags and stored at 4°C for no
longer than 14 days.

The stability of butyl benzyl phthalate in feed
was determined by assaying sample diet mixtures
containing 100,000 ppm butyl benzyl phthalate
which had been stored at -20°, 5°, 25°, or 45° C
for 2 weeks. The compound was found to be

stable in feed for 2 weeks at temperatures as high
as 45° C (Appendix G).

The amounts of butyl benzyl phthalate present
in feed were determined by the net ultraviolet
absorbances at 275 nm of 50-ml methanol extracts
of 2-g samples (Appendix H). At each dietary
concentration, the mean of the analytical concen-
tration was usually within ± 10% of the theoreti-
cal value.

ANIMALS
Four-week-old F344/ N rats and 4- to 5-week

old B6C3F1 mice were obtained from the NCI
Frederick Cancer Research Center, Frederick,
Maryland. The animals were observed for the
presence of parasites and other diseases for 10
days and then assigned to control or dosed
groups so that average cage weights were
approximately equal for all animals of the same
sex and species.

ANIMAL MAINTENANCE
Rats and mice were each housed five per cage

in suspended polycarbonate cages (Lab Products,
Inc., Garfield, NJ) covered with non-woven fiber
filter sheet (Lab Products). Aspen-bed® hard-
wood chips (American Excelsior, Summerville,
MA) were used as bedding. Clean bedding and
cages were provided twice weekly and cage racks
were changed every 2 weeks.

Water and Wayne Lab Blox® diet were avail-
able ad libitum, the former from an Edstrom
automatic watering system (Waterford, WI) and
the latter in stainless-steel, gang-style hoppers
(Scientific Cages, Inc., Bryan, TX) that were
changed once per week.

The temperature in the animal rooms was 18°-
31°C, and the relative humidity was 10%-88%.
During the course of this bioassay, room
temperature recordings were in the range of 20°
to 26°C (68 °-78.8 °F) eighty percent (436/ 545) of
the time for rats and seventy-seven percent
(235/305) for mice. The highest temperature
listed for rats was 31 °C (88°F) on four separate
days between May and July, 1978 and for mice
30°C (86°F) on 5 days in May and July, 1978.
Both studies were conducted from April 1977 to
May 1979. Incoming air was prefiltered through
Tri-Dek 15/40 denier Dacron filters followed by
final filtration through a Cambridge "Aerosolve
95" filter. Air was changed 10 times per hour.
Fluorescent lighting was provided 12 hours per
day.

Butyl Benzyl Phthalate 16



II. MATERIALS AND METHODS: RANGE-FINDING AND FOURTEEN-DAY
STUDIES

Rats and mice were housed by species in
rooms in which chronic feed studies were also
being conducted on the following chemicals:

(CAS 9000-30-0)
(CAS 103-23-1 )
(CAS 117-81-7 )

Guar gum
Di(2-ethylhexyl)adipate
Di(2-ethylhexyl)phthalate.

RANGE-FINDING AND
FOURTEEN-DAY STUDIES

Range-finding-and fourteen-day feed studies
were conducted using F344/N rats and B6C3F1
mice to determine the concentrations of butyl
benzyl phthalate to be used in the Subchronic
studies.

In the range-finding test, groups of five males
and five females of each species were adminis-
tered a single dose of the test substance in corn
oil by gavage. Rats were administered doses of
20, 10, 5, 2.5, 1.25, 0.63, 0.31, 0.16, or 0.08 g/kg
bodv weight, and mice were administered doses
of 20, 10, 5.0, 2.5, or 1.25 g/kg (Table 1). All
surviving animals were killed after 14 days. The

estimated LDso's were 2.33 g/kg for rats, 6.16
g/kg for male mice, and 4.17 g/kg for female
mice.

In the fourteen-day studies, groups of five
males and five females of each species were
administered the test chemical in feed for 2 weeks
at concentrations of 12,500 to 100,000 ppm for
rats (Table 2) and 1,600 to 25,000 ppm for mice
(Table 3). Groups of five males and five females
of each species were maintained as untreated
controls. Animals were fed control diets on day
15 and were killed on day 16.

No deaths occurred in rats. Weight gain was
depressed in both male and female rats fed diets
containing 25,000 ppm or more, and rats fed
100,000 ppm lost weight. Testicular atrophy was
observed in all male rats fed 50,000 or 100,000
ppm. Thymic atrophy was observed in all rats fed
100,000 ppm. Two male mice died, one fed 3,100
ppm and one fed 6,300 ppm. Depressions in
weight gain of mice were not dose related, and no
compound-related effects were observed at
necropsy.

TABLE 1. DOSAGE AND SURVIVAL OF RATS AND MICE ADMINISTERED A SINGLE DOSE OF
BUTYL BENZYL PHTHALATE BY GAVAGE

Dose
(8/kg) Males

Survival (a)

Females

Rats

Mice

0.08
0.16
0.31
0.63
1.25
2.50
5.00

10.00
20.00

1.25
2.50
5.00

10.00
20.00

5/5
5/5
5/5
5/5
5/5
2/5
0/5
0/5
0/5

5/5
5/5
2/5
0/5
2/5

5/5
5/5
5/5
5/5
5/5
2/5
0/5
0/5
0/5

5/5
5/5
1/5
0/5
1/5

(a) Number surviving/ number per group
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TABLE 2. DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF RATS FED DIETS CONTAINING
BUTYL BENZYL PHTHALATE FOR 14 DAYS

Dose
(ppm) Survival (a)

Males
0 5/5

12,500 5/5
25,000 5/5
50,000 5/5

100,000 5/5

Females
0 5/5

12,500 5/5
25,000 5/5
50,000 5/5

100,000 5/5

Mean Body Weights (grains)

Initial

88.2
88.4
88.4
88.4
88.2

87.2
87.2
87.2
87.2
87.2

Final

146.6
145.2
135.4
105.8
74.2

119.0
121.0
111.2
95.4
69.0

Change

58.4
56.8
47.0
17.4

-14.0

31.8
33.8
24.0
8.2

- 18.2

Weight Change
Relative to
Controls (b)

(Percent)

- 3
- 20
- 70
- 124

+ 6
- 25
- 74
- 157

(a) Number surviving/ number per group
(b) Weight change of the dosed group relative

Weight Change (Dosed Group) - Weight
to that of the controls =
Change (Control Group)

v lfV\

Weight Change (Control Group)

TABLE 3. DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF MICE FED DIETS CONTAINING
BUTYL BENZYL PHTHALATE FOR 14 DAYS

Dose
(ppm)

Males
0

1,600
3,100
6,300

12,500
25,000

Females

0
1,600
3,100
6,300

12,500
25,000

(a) Number

Mean Body Weights (grams)

Survival (a)

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

5/5
5/5
5/5
5/5
5/5
5/5

surviving/ number per

Initial

24.0
24.0
24.0
24.0
24.0
24.0

19.0
19.0
19.0
19.0
19.0
19.0

group
(b) Weight change of the dosed group relative

Weight Change (Dosed Group) - Weight

Final

25.8
27.6
24.0
25.3
25.8
25.2

20.6
19.8
20.2
20.2
19.8
19.8

to that of the controls =
Change (Control Group)

Change

1.8
3.6
0
1.3
1.8
1.2

1.6
0.8
1.2
1.2
0.8
0.8

v inn

Weight Change
Relative to
Controls (b)

(Percent)

+ 100
- 100
- 28

0
- 33

- 50
- 25
- 25
- 50
- 50

Weight Change (Control Group)
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II. MATERIALS AND METHODS: SUBCHRONIC STUDIES

SUBCHRONIC STUDIES
Subchronic studies were conducted to deter-

mine the concentrations to be used in the chronic
studies. Diets containing 0, 1,600, 3,100, 6,300,
12,500, or 25,000 ppm butyl benzyl phthalate
were fed for 13 weeks to groups of 10 rats and
mice of each sex (Tables 4 and 5). Clinical obser-

vations were made twice daily and animals were
weighed weekly. At the end of the 91-day study,
survivors were killed. Necropsies were performed
on all animals, and tissues were taken for histo-
pathologic analysis from animals in control and
high-dose groups.

TABLE 4. DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF RATS FED DIETS CONTAINING
BUTYL BENZYL PHTHALATE FOR 13 WEEKS

Dose
(ppm)

Males
0

1,600
3,100
6,300

12,500
25,000

Females
0

1,600
3,100
6,300

12,500
25,000

Survival (a)

10/10
10/10
10/10
9/10
9/10
10/10

8/10
10/10
10/10
10/10
10/10
10/10

Initial

86.5
86.5
86.5
86.5
86.5
86.5

72.5
72.5
72.5
72.5
72.5
72.5

Mean Body Weights (grains)

Final

300
332
305
298
308
240

184
186
192
182
184
183

Change

213.5
245.5
218.5
211.5
221.5
153.5

111.5
113.5
119.5
109.5
111.5
110.5

Weight Change
Relative to
Controls (b)

(Percent)

+ 15.0
+ 2.3
- 0.9
+ 3.7
-28.1

+ 1.8
+ 7.2
- 1.8

0
- 0.9

(a) Number surviving/ number per group
(b) Weight change of the dosed group relative to that of the controls =

Weight Change (Dosed Group) - Weight Change (Control Group)

Weight Change (Control Group)
100

TABLE 5. DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF MICE FED DIETS CONTAINING
BUTYL BENZYL PHTHALATE FOR 13 WEEKS

Dose
(PP«n)

Males
0

1,600
3,100
6,300

12,500
25,000

Females
0

1,600
3,100
6,300

12,500
25,000

Mean Body Weights (grams)

Survival (a)

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

10/10
10/10
10/10
10/10
10/10
61 10 (c)

Initial

19.5
19.5
19.5
19.5
19.5
19.5

16.4
16.4
16.4
16.4
16.4
16.4

Filial

31.0
29.4
28.5
28.4
28.1
27.0

24.2
24.6
24.8
23.9
22.5
22.7

Change

11.5
9.9
9.0
8.9
8.6
7.5

7.8
8.2
8.4
7.5
6.1
6.3

Weight Cluuige
Relative to
Controls (b)

(Percent)

- 13.9
-21.7
-22.6
-25.2
-34.8

+ 5.1
+ 7.7
- 3.8
-21.8
- 19.2

(a) Number surviving/ number per group
(b) Weight change of the dosed group relative to that of the controls =

Weight Change (Dosed Group) - Weight Change (Control Group)

Weight Change (Control Group)
(c) Deaths were accidental.

100
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II. MATERIALS AND METHODS: CHRONIC STUDIES

Rats: Four rats died — one male fed 6,300,
one male fed 12,500, and two female controls.
Depressed weight gain (28% when compared
with controls) and testicular degeneration were
observed in male rats fed 25,000 ppm. No com-
pound-related effects were observed in female
rats. Based on weight changes relative to con-
trols, the doses selected for rats for the chronic
study were 6,000 and 12,000 ppm butyl benzyl
phthalate in the diet.

Mice: Accidental deaths occurred in four female
mice fed 25,000 ppm. Weight gain was depressed
by more than 10% in all groups of male mice and
in female mice fed 12,500 or 25,000 ppm. No
other compound-related effects were observed in
mice. Based on weight changes relative to con-
trols, the doses selected for mice on the chronic
study were 6,000 and 12,000 ppm butyl benzyl
phthalate in the diet.

CHRONIC STUDIES
The test groups, doses administered, and dura-

tions of the chronic studies are shown in Table 6.

Clinical Examinations and Pathology
Animals were inspected twice daily. Body

weights were recorded every 4 weeks. Animals

that were moribund and those that survived to
the end of the study were anesthetized with car-
bon dioxide and then killed and necropsied.

Gross and microscopic examinations were per-
formed on major tissues, major organs, and all
gross lesions from killed animals and from ani-
mals found dead. Tissues were preserved in 10%
neutral buffered formalin, embedded in paraffin,
sectioned, and stained with hematoxylin and
eosin. The following tissues were examined
microscopically: abnormal lymph nodes, skin,
mandibular lymph nodes, mammary gland, sali-
vary gland, bone marrow, costochondral junc-
tion, thymus, larynx, trachea, lungs and bronchi,
heart, thyroids, parathyroids, esophagus, stom-
ach, duodenum, jejunum, ileum, colon, mesen-
teric lymph nodes, liver, gallbladder (mouse),
pancreas, spleen, kidneys, adrenals, urinary
bladder, seminal vesicles/prostate/testes, ova-
ries/uterus, brain, and pituitary.

Necropsies were performed on all animals
found dead unless precluded in whole or in part
by autolysis or cannibalization. Thus, the num-
ber of animals from which particular organs or
tissues were examined microscopically varies and
does not necessarily represent the number of
animals that were placed on study in each group.

TABLE 6. EXPERIMENTAL DESIGN OF CHRONIC FEEDING STUDIES WITH BUTYL BENZYL
PHTHALATE IN RATS AND MICE

Test
Group

Initial
No. of

Animals

Butyl Benzyl
Phthalate

(ppm)

Time on Study

Dosed
(weeks)

Observed
(weeks)

Male Rats

Control
Low-Dose
High-Dose

Female Rats
Control
Low-Dose
High-Dose

Male Mice
Control
Low-Dose
High-Dose

Female Mice
Control
Low-Dose
High-Dose

50
50
50

50
50
50

50
50
50

50
50
50

0
6,000

12,000

0
6,000

12,000

0
6,000

12,000

0
6,000

12,000

0
28 (a)
28(a)

0
103
103

0
103
103

0
103
103

V>(a)
1-2
1-2

106
1-2

2

106
1-2

2

106
2-3

2

(a) All surviving male rats were killed at weeks 29-30 because of poor survival in the dosed groups.
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II. MATERIALS AND METHODS: DATA RECORDING AND STATISTICAL
ANALYSES

Data Recording and Statistical
Analyses

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

Probabilities of survival were estimated by the
product-limit procedure of Kaplan and Meier
(1958) and are presented in this report in the
form of graphs. Animals were statistically cen-
sored as of the time that they died of other than
natural causes or were found to be missing;
animals dying from natural causes were not sta-
tistically censored. Statistical analyses for a pos-
sible dose-related effect on survival used the
method of Cox (1972) for testing two groups for
equality and Tarone's (1975) extensions of Cox's
methods for testing for a dose-related trend. One-
tailed P values have been reported for all tests
except the departure from linearity test, which is
reported only when its two-tailed P value is less
than 0.05.

The incidence of neoplastic or nonneoplastic
lesions has been given as the ratio of the number
of animals bearing such lesions at a specific ana-
tomic site (numerator) to the number of animals
in which that site is examined (denominator). In
most instances, the denominators included only
those animals for which that site was examined
histologically. However, when microscopic exam-
ination was required to detect lesions (e.g., skin
or mammary tumors) prior to histologic sam-
pling or when lesions could have appeared at

multiple sites (e.g., lymphomas), the denomina-
tors consist of the numbers of animals necropsied.

The purpose of the statistical analyses of tumor
incidence is to determine whether animals receiv-
ing the test chemical developed a significantly
higher proportion of tumors than did the control
animals. As a part of these analyses, the one-
tailed Fisher exact test (Cox, 1970) was used to
compare the tumor incidence of a control group
with that of a group of dosed animals at each
dose level. When results for two dosed groups are
compared simultaneously with those for a con-
trol group, a correction to ensure an overall sig-
nificance level of 0.05 is made.

The Cochran-Armitage test for linear trend in
proportions, with continuity correction (Armi-
tage, 1971), was also used. Under the assumption
of a linear trend, this test determines if the slope
of the dose-response curve is different from zero
at the one-tailed 0.05 level of significance. Unless
noted, the direction of the significant trend is a
positive dose relationship. This method also pro-
vides a two-tailed test of departure from linear
trend.

Life table methods were used to analyze the
weeks of death of animals with histologically
observed tumors under the principles described
by Saffiotti et al. (1972). The week during which
an animal died naturally or was killed was
entered as the time point of tumor observation.
The methods of Cox and of Tarone were used for
the statistical tests of the groups. The statistical
tests were one-tailed.

The approximate 95% confidence interval for
the relative risk of each dosed group compared
with its control was calculated from the exact
interval on the odds ratio (Gart, 1971).
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III. RESULTS: RATS-BODY WEIGHTS AND CLINICAL SIGNS

RATS

Body Weights and Clinical Signs
Mean body weights of dosed rats of either sex

were lower than those of the corresponding con-
trols throughout most of the study (Figure 1).
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Feed consumption of dosed female rats was 70%
to 80% that of the controls. No other compound-
related clinical effects were observed.

MALE RATS

D CONTROL

O LOW DOSE

A HIGH DOSE

40 50 60 70

TIME ON STUDY (WEEKS)

s

I 3°°
5
O
O
ID
Z 200

D „ a B 9 ° «

o ° § ! • A f l A

n a i i §
S A

FEMALE RATS

O CONTROL

O LOW DOSE

A HIGH DOSE

10 20 30 40 50 60 70 80 90 100 110

TIME ON STUDY (WEEKS)

Figure 1. Growth Curves for Rats Fed Diets Containing Butyl Benzyl Phthalate
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III. RESULTS: RATS—SURVIVAL

Survival

Estimates of the probabilities of survival for
male and female rats fed diets containing butyl
benzyl phthalate at the doses of this bioassay,
and those of the controls, are shown by the
Kaplan and Meier curves in Figure 2. In male
rats, the result of Tarone's test indicates a dose-
related trend in mortality (P<0.001) due to
shorter survival in the dosed groups than in the
control group. The high-dose group survival was
significantly shorter (P<0.001) than that in either
of the other two groups. In females, the survival
in all three groups was comparable.

Male dosed rats died prematurely. Internal
hemorrhaging was suspected at gross necropsy,
yet was not confirmed microscopically. At week
28, only 30% (15/50) of the high-dose group
male rats were alive and deaths were occurring
among low-dose males. All male rats were killed
at weeks 29-30 when 49/50 (98%) of the control
group, 40/50 (80%) of the low-dose group, and
15/50 (30%) of the high-dose group were alive.
This toxic effect was not encountered in females,
and 31/50 (62%) of the control group, 29/50
(58%) of the low-dose group, and 32/ 50 (64%) of
the high-dose group lived to the end of the study
at 105-106 weeks.

TIME ON STUDY (WEEKS)

TIME ON STUDY (WEEKS!

Figure 2. Survival Curves for Rats Fed Diets Containing Butyl Benzyl Phthalate
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III. RESULTS: RATS—PATHOLOGY

Pathology
The summary of histopathologic findings on

tumor and non-tumor pathology in male rats is
not given since all of the surviving males were
killed early in the study after increasing numbers
of animals died from hemorrhages. No histopath-
ologic examinations were performed on these
animals.

Histopathologic findings on neoplasms in
female rats are summarized in Appendix A,
Table A2; findings on nonneoplastic lesions in
females are summarized in Appendix C, Table
C2.

The following incidences of mononuclear cell
leukemia affecting multiple organs of female rats
appeared to be related to the administration of
butyl benzyl phthalate:

Number of animals
examined

Mononuclear cell
leukemia (total)

Location:
Multiple organs
Spleen
Liver

Control

49

7 (14%)

6(12%)
0
1 (2%)

Low Dose

49

7(14%)

6(12%)
1 (2%)
0

High DDK

50

18 (36%)

17 (34%)
1 (2%)
0

This leukoproliferative disorder was generally
characterized by splenomegaly and often by hep-
atomegaly. The surfaces of the spleen and liver
were often granular and roughened and the
borders were frequently irregular. Microscopi-
cally, the red pulp of the spleen was congested
and infiltrated by large numbers of poorly differ-
entiated mononuclear cells with blastoid, donut-
shaped, and reniform nuclei. The leukemic pro-
cess spread to and infiltrated the capillary beds of
numerous organs, including the lungs, spleen,
and liver in all female rats, and to the kidneys,
heart, pancreas, lymph nodes (mesenteric, man-
dibular, parotid, and lumbar), urinary bladder,
ovaries, uterus, brain, thyroids, pituitary, adre-
nals, skin, bone marrow, and intercostal muscles
in a few female rats. There were no apparent
differences in tissue distribution or cytologic
characteristics of the leukemia in dosed or con-
trol rats. The leukemia in dosed rats resembled
that in the controls.

The remaining neoplastic, proliferative, degen-
erative, inflammatory, and developmental lesions
observed in control and dosed female rats were

considered to be unrelated to test compound
administration and to be within the normal inci-
dence limits in F344/N rats.

Statistical Analyses of Results
Histopathologic examinations were not per-

formed in male rats due to early deaths. The sta-
tistical analyses were done on the tumor inci-
dence of female rats only.

Table 7 contains the statistical analysis of
those primary tumors that occurred in at least
two animals of one group and at an incidence of
at least 5% in one or more than one group.

Results of the Cochran-Armitage test indicate
a significant dose-related trend (P=0.004), and a
significantly higher (P=0.007) incidence of 18
females with leukemia and 1 with lymphoma in
the high-dose group than in the control group
was observed. All of the leukemias were diag-
nosed as mononuclear cell type. The historical
incidence for studies in this laboratory since 1977
for female F344/N rats with "all leukemias" is
19% (77/399), ranging from 12% to 24%. In this
bioassay, the rates equal 7/49 (14%) for controls,
7/49 (14%) for low-dose rats, and 18/50 (36%)
for high-dose rats. Comparing the historical
leukemia rates with the current incidence of
mononuclear cell leukemia gives a trend statistic
of P=0.019 and a control versus high-dose signifi-
cance level of P=0.008.

There is a positive dose-related trend (P=0.050)
in the incidence of adenoma in the pituitary of
female rats, but the results of the Fisher exact test
are not significant (20/45, 44%; 21/40, 53%;
26/41,63%).

The Cochran-Armitage test indicates a depar-
ture from linear trend (P=0.013) in the incidence
of female rats with islet-cell adenomas in the
pancreas due to a higher incidence in the low-
dose group than in the other two groups (0/47,
3/46, 0/46).

A negative trend (P=0.009) and a significantly
lower (P=0.011) incidence of fibroadenomas in
the mammary gland of the high-dose female rats
than in the controls were observed (20/49, 14/49,
9/50).

The statistical analyses indicate that butyl
benzyl phthalate was associated with an
increased incidence of female F344/N rats with
mononuclear cell leukemias. No statistical tests
were done on the male rats.
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TABLE 7. ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS IN FEMALE RATS FED DIETS
CONTAINING BUTYL BENZYL PHTHALATE (a)

Subcutaneous Tissue:
Sarcoma, NOS (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Hematopoietic System:
Mononuclear Cell Leukemia (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Hematopoietic System: Leukemia
or Lyntphoma (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Liver: Neoplastic:
Nodule (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Liver: Neoplastic Nodule or
Hepatocellular Carcinoma (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Pituitary: Adenoma, NOS (b)
P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Thyroid: C-Cell Adenoma or
Carcinoma (b)

P Values (c).(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Control

0/49(0)
N.S.

—

7/49(14)
P=0.006

83

7/49(14)
P=0.004

83

1/49(2)
N.S.

106

1/49(2)
N.S.

106

20/45(44)
P=0.050

84

2/47(4)
N.S.

101

Low
Dose

3/49(6)
N.S.
Infinite
0.602
Infinite
84

7/49(14)
N.S.
1.000
0.324
3.091
87

7/49(14)
N.S.
1.000
0.324
3.091
87

1/48(2)
N.S.
1.021
0.013
78.494
106

1/48(2)
N.S.
1.021
0.013
78.494
106

21/40(53)
N.S.
1.181
0.725
1.904
87

3/46(7)
N.S.
1.533
0.184
17.650
106

High
Dose

1/50(2)
N.S.
Infinite
0.053
Infinite
96

18/50(36)
P=0.011
2.520
1.115
6.458
83

19/50(38)
P=0.007
2.660
1.191
6.758
83

3/50(6)
N.S.
2.940
0.246
151.180
100

4/50(8)
N.S.
3.920
0.407
188.989
100

26/41(63)
N.S.
1.427
0.921
2.179
83

0/46(0)
N.S.
0.000
0.000
3.446
—
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TABLE 7. ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS IN FEMALE RATS FED DIETS
CONTAINING BUTYL BENZYL PHTHALATE (a) (Continued)

Pancreatic Islets: Islet-Cell
Adenoma (b)

P Values (c),(d)
Departure from Linear Trend (f)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Mammary Gland: Fibroadenoma (b)
P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Clitoral Gland: Carcinoma,
NOS (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Clitoral Gland: Carcinoma, NOS
or Adenoma, NOS (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Uterus: Endometrial Stromal
Polyp (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Control

0/47(0)
N.S.
P=0.013

—

20/49(41)
P=0.009(N)

86

4/49(8)
N.S.

106

4/49(8)
N.S.

106

12/49(24)
N.S.

50

Low
Dose

3/46(7)
N.S.

Infinite
0.616
Infinite
106

14/49(29)
N.S.
0.700
0.374
1.279
90

1/49(2)
N.S.
0.250
0.005
2.409
105

1/49(2)
N.S.
0.250
0.005
2.409
105

10/49(20)
N.S.
0.833
0.357
1.901
90

High
Dose

0/46(0)
N.S.

—
—
—
—

9/50(18)
P=0.011(N)
0.441
0.199
0.904
94

3/50(6)
N.S.
0.735
0.113
4.120
104

4/50(8)
N.S.
0.980
0.193
4.980
104

11/49(22)
N.S.
0.917
0.407
2.045
83

(a) Dosed groups received doses of 6,000 or 12,000 ppm in the diet.
(b) Number of tumor-bearing animals/number of animals examined at site (percent).
(c) Beneath the incidence of tumors in the control group is the probability level for the Cochran-Armitage test

when P is less than 0.05; otherwise, not significant (N.S.) is indicated. Beneath the incidence of tumors in a
dosed group is the probability level for the Fisher exact test for the comparison of that dosed group with the
control group when P is less than 0.05; otherwise not significant (N.S.) is indicated.

(d) A negative trend (N) indicates a lower incidence in a dosed group than in the control group.
(e) The 95 percent confidence interval of the relative risk between each dosed group and the control group.
(f) The probability level for departure from linear trend is given when P is less than 0.05 for any comparison.
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III. RESULTS: MICE—BODY WEIGHTS AND CLINICAL SIGNS

MICE

Body Weights and Clinical Signs
A dose-related decrease in mean body weights

of male and female mice was observed through-

out the study (Figure 3). No other compound-
related clinical signs were observed.
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III. RESULTS: MICE-SURVIVAL

Survival
Estimates of the probabilities of survival for

male and female mice fed diets containing butyl
benzyl phthalate at the doses of this bioassay,
together with those for the controls, are shown
by the Kaplan and Meier curves in Figure 4. The
survival among all three groups of either sex was
comparable.

In male mice, 44/50 (88%) of the control
group, 43/49 (88%) of the low-dose group, and
42/ 50 (84%) of the high-dose group were alive at
the end of the study of 105-106 weeks. In females,
35/50 (70%) of the control group and the low-
dose group and 36/50 (72%) of the high-dose
group lived to the end of the study at 105-106
weeks.
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III. RESULTS: MICE—PATHOLOGY

Pathology
Histopathologic findings on neoplasms in mice

are summarized in Appendix B, Tables Bl and
B2; findings on nonneoplastic lesions are sum-
marized in Appendix D, Tables Dl and D2.

All neoplasms observed in mice were considered
to be unrelated to the long-term administration
of the test compound and to be within the nor-
mal incidence limits in B6C3F1 mice.

The nonneoplastic, proliferative, degenerative,
inflammatory, and developmental lesions observed
in male and female mice were also considered to
be unrelated to test compound administration
and to be within the normal incidence limits in
B6C3F1 mice. No toxic lesions were seen.

The results of histopathologic examination
indicated that butyl benzyl phthalate was not
carcinogenic for B6C3F1 mice under the condi-
tions of this bioassay.

Statistical Analyses of Results
Tables 8 and 9 contain the statistical analyses

of the incidences of those primary tumors that
occurred in at least two animals of one group and
at an incidence of at least 5% in one or more than
one group.

In male mice, there was a significant trend
(P=0.016) in the negative direction and signifi-
cantly lower (P=0.007 and P=0.033) incidences in

each of the dosed groups of animals with alveo-
lar/ bronchiolar adenomas in the lung. These
negative results may have been a consequence of
the higher incidence observed in the control
group (13/50, 26%) as compared with the histor-
ical incidence of 280/3543 (8%) in B6C3F1
male mice. A departure from linear trend
(P=0.049) was also indicated due to a sharp
decline in the dosed groups'incidences relative to
the control group.

Lymphomas or leukemia occurred with a neg-
ative trend (P=0.008) and a significantly lower
(P=0.009) incidence in the high-dose male mice
was observed when compared with controls.

In female mice, none of the statistical tests
were significant.

In each of the 95% confidence intervals for
relative risk shown in the tables, the value of less
than one is included: this indicates the absence of
significant positive results. Each of the intervals,
except for the incidence of alveolar/bronchiolar
adenomas in the lung of the low-dose group of
males and for the incidence of lymphomas or
leukemia in the high-dose group of males, has an
upper limit greater than one indicating the theo-
retical possibility of tumor induction by butyl
benzyl phthalate which could not be detected
under the conditions of this test.
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TABLE 8. ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS IN MALE MICE FED DIETS
CONTAINING BUTYL BENZYL PHTHALATE (a)

Lung: Alveolar/Bronchiolar
Adenoma (b)

P Values (c).(d)
Departure from Linear Trend (fj
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Lung: Alveolar/Bronchiolar
Carcinoma (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Lung: Alveolar/Bronchiolar
Adenoma or Carcinoma (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Hematopoietic System: Malignant
Lymphoma, NOS (b)

P Values (c),(d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Hematopoietic System: All
Lymphomas (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Hematopoietic System: Lymphoma
or Leukemia (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Control

13/50(26)
P=0.016(N)
P=0.049

106

4/50(8)
N.S.

79

17/50(34)
P=0.024(N)

79

12/50(24)
P=0.024(N)

98

13/50(26)
P=0.015(N)

98

14/50(28)
P=0.008(N)

90

Low
Dose

3/49(6)
P=0.007(N)

0.235
0.046
0.792
105

8/49(16)
N.S.
2.041
0.588
8.704
99

11/49(22)
N.S.
0.660
0.314
1.332
99

10/49(20)
N.S.
0.850
0.363
1.941
99

11/49(22)
N.S.
0.863
0.389
1.878
99

11/49(22)
N.S.
0.802
0.367
1.706
99

High
Dose

5/50(10)
P=0.033(N)

0.385
0.116
1.054
89

3/50(6)
N.S.
0.750
0.115
4.206
105

8/50(16)
P=0.032(N)
0.471
0.195
1.036
89

4/50(8)
P=0.027(N)
0.333
0.084
1.014
105

4/50(8)
P=0.016(N)
0.308
0.078
0.917
105

4/50(8)
P=0.009(N)
0.286
0.073
0.836
105
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TABLE 8. ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS IN MALE MICE FED DIETS
CONTAINING BUTYL BENZYL PHTHALATE (a) (Continued)

Circulatory System:
Angiosarcoma (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Liver: Hepatocellular Adenoma (b)
P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Liver: Hepatocellular
Carcinoma (b)

P Values (c). (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Liver: Hepatocellular Adenoma
or Carcinoma (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Control

1/50(2)
N.S.

106

4/50(8)
N.S.

106

9/50(18)
N.S.

101

13/50(26)
N.S.

101

Low
Dose

4/49(8)
N.S.
4.082
0.423
196.665
79

7/48(15)
N.S.
1.823
0.497
7.985
105

5/48(10)
N.S.
0.579
0.163
1.775
105

12/48(25)
N.S.
0.962
0.447
2.047
105

High
Dose

1/50(2)
N.S.
1.000
0.013
76.970
105

3/47(6)
N.S.
0.798
0.123
4.463
105

11/47(23)
N.S.
1.300
0.539
3.220
79

14/47(30)
N.S.
1.146
0.560
2.353
79

(a) Dosed groups received doses of 6,000 or 12,000 ppm in the diet.
(b) Number of tumor-bearing animals/number of animals examined at site (percent).
(c) Beneath the incidence of tumors in the control group is the probability level for the Cochran-Armitage test

when P is less than 0.05; otherwise, not significant (N.S.) is indicated. Beneath the incidence of tumors in a
dosed group is the probability level for the Fisher exact test for the comparison of that dosed group with the
control group when P is less than 0.05; otherwise, not significant (N.S.) is indicated.

(d) A negative trend (N) indicates a lower incidence in a dosed group than in the control group.
(e) The 95 percent confidence interval of the relative risk between each dosed group and the control group.
(f) The probability level for departure from linear trend is given when P is less than 0.05 for any comparison.
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TABLE 9. ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS IN FEMALE MICE FED DIETS
CONTAINING BUTYL BENZYL PHTHALATE (a)

Lung: Alveolar/ Bronchiolar
Adenoma (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Lung: Alveolar/ Bronchiolar
Carcinoma (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Lung: Alveolar/Bronchiolar
Adenoma or Carcinoma (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Hematopoietic System: Malignant
Lymphoma, NOS (b)

P Values (c). (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Hematopoietic System: All
Lymphomas (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Hematopoietic System: Lymphoma
or Leukemia (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Liver: Hepatocellular
Adenoma (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Control

5/50(10)
N.S.

106

3/50(6)
N.S.

69

8/50(16)
N.S.

69
•

15/50(30)
N.S.

84

17/50(34)
N.S.

84

17/50(34)
N.S.

84

0/50(0)
N.S.

—

Low
Dose

3/50(6)
N.S.
0.600
0.098
2.910
106

0/50(0)
N.S.
0.000
0.000
1.663
—

3/50(6)
N.S.
0.375
0.067
1.460
106

14/50(28)
N.S.
0.933
0.469
1.845
97

16/50(32)
N.S.
0.941
0.505
1.746
97

16/50(32)
N.S.
0.941
0.505
1.746
97

3/50(6)
N.S.
Infinite
0.601
Infinite
106

High
Dose

1/50(2)
N.S.
0.200
0.004
1.699
105

2/50(4)
N.S.
0.667
0.058
5.570
102

3/50(6)
N.S.
0.375
0.067
1.460
102

15/50(30)
N.S.
1.000
0.513
1.948
90

17/50(34)
N.S.
1.000
0.546
1.831
77

18/50(36)
N.S.
1.059
0.587
1.916
77

2/49(4)
N.S.
Infinite
0.302
Infinite
105
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TABLE 9. ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS IN FEMALE MICE FED DIETS
CONTAINING BUTYL BENZYL PHTHALATE (a) (Continued)

Liver: Hepatocellular
Carcinoma (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Liver: Hepatocellular
Adenoma or Carcinoma (b)

P Values (c), (d)
Relative Risk (Control) (e)
Lower Limit
Upper Limit
Weeks to First Observed Tumor

Control

2/50(4)
N.S.

106

2/50(4)
N.S.

106

Low
Dose

2/50(4)
N.S.
1.000
0.075
13.326
106

5/50(10)
N.S.
2.500
0.432
25.286
106

High
Dose

4/49(8)
N.S.
2.041
0.308
21.737
103

6/49(12)
N.S.
3.061
0.581
29.826
103

(a) Dosed groups received doses of 6,000 or 12,000 ppm in the diet.
(b) Number of tumor-bearing animals/number of animals examined at site (percent).
(c) Beneath the incidence of tumors in the control group is the probability level for the Cochran-Armitage test

when P is less than 0.05; otherwise, not significant (N.S.) is indicated. Beneath the incidence of tumors in a
dosed group is the probability level for the Fisher exact test for the comparison of that dosed group with the
control group when P is less than 0.05; otherwise not significant (N.S.) is indicated.

(d) A negative trend (N) indicates a lower incidence in a dosed group than in the control group.
(e) The 95 percent confidence interval of the relative risk between each dosed group and the control group.
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IV. DISCUSSION AND CONCLUSIONS

After week 14 of the chronic study, an increas-
ing number of deaths occurred among high-dose
male rats and by week 24 increasing numbers of
low-dose male rats were dying. Death in these
animals was apparently the result of internal (and
unexplained) hemorrhaging. Survival of the
high-dose male rats had decreased to 30% by
week 28 and the remaining male rats were killed
at week 29 to 30 (49/ 50 controls, 40/ 50 low-dose,
15/50 high-dose). Compound-related hemor-
rhaging was not observed, however, in the sub-
chronic study. Although I / 1 0 male rats receiving
6,300 ppm and 1/10 male rats receiving 12,500
ppm butyl benzyl phthalate died in the 13-week
study, these deaths were not considered to be
compound-related. Because of compound-related
mortality, butyl benzyl phthalate was not ade-
quately tested in male F344/N rats.

During most of the chronic study, mean body
weights and feed consumption by dosed female
rats were lower than those of the corresponding
controls. No other compound-related clinical
signs were observed for female rats, and survival
of dosed and control females was comparable.

Mononuclear cell leukemia occurred with a
dose-related trend (P=0.006) in female rats, and
the incidences in the high-dose group were signif-
icantly higher than those in the controls (P=0.011).
The historical rate for studies in this laboratory
since 1977 for "all leukemias" is 77/399 (19%;
12% to 24%). The incidence of mononuclear cell
leukemia in the high-dose female F344/N rats
was significantly higher (P=0.008) when com-
pared with historical controls and the dose-
related trend was also significant (P=0.019).

The term mononuclear cell leukemia as used in
this report refers to a neoplastic disease of F344/ N
rats which is characterized by infiltration of
pleomorphic blast-like mononuclear cells in var-
ious organs, especially in the spleen, liver, and
bone marrow. The tumor appears to originate in
the spleen, and this organ is often markedly
enlarged. The peripheral white blood cell count
increases, and contains neoplastic cells, which
resemble bone marrow stem cells. For these rea-
sons, the term mononuclear cell leukemia is pre-
ferred, although the morphologic appearance of
this lesion may be variable, depending on the
degree and direction of differentiation of this
pleuripotent stem cell. Other terms often used by
pathologists within the Bioassay Program to des-
cribe^ this disease include leukemia, NOS; mono-
cytic leukemia; and myelomonocytic cell leuke-
mia (this last term is used in Appendix A,

Table A2). Granulocytic leukemia is used occa-
sionally if differentiation proceeds in this direc-
tion. The leukemias found in rats exposed to
butyl benzyl phthalate were not different in cell
morphology and tissue distribution from those
in control rats.

Butyl benzyl phthalate was tested in the same
room with three other chemicals — di(2-
ethylhexyl)adipate, di(2-ethylhexyl)phthalate, and
guar gum — undergoing carcinogenesis bioas-
says. Di(2-ethylhexyl)adipate (NTP 1982a) was
carcinogenic for B6C3F1 mice, causing carci-
nomas of the liver in female mice and adenomas
of the liver in male mice; di(2-ethylhexyl)phthalate
(NTP 1982b) was carcinogenic for male and
female F344/N rats, causing liver neoplastic
nodules or carcinomas in males and hepatocellu-
lar carcinomas and neoplastic nodules of the liver
in females, and for male and female B6C3F1
mice, causing hepatocellular carcinomas; guar
gum (NTP 1982c) was not carcinogenic for male
and female F344/N rats or B6C3F1 mice.

Although chemical cross-contamination among
groups cannot be excluded completely, the
responses in the separate testing experiments
show that any adjacent chemical effect was absent,
or minimal. The results of these other studies
support the conclusion that butyl benzyl phtha-
late was probably carcinogenic for female
F344/N rats, causing mononuclear cell leuke-
mia. These data stand independently because the
guar gum exposed groups did not show any com-
pound related tumor development, because the
di(2-ethylhexyl)adipate caused liver tumors in
mice, because di(2-ethylhexyl)phthalate induced
liver tumors in male and female rats and in male
and female mice, and because none showed an
increase in leukemia.

Carcinogenicity and other chronic effects of
phthalic acid esters are summarized in the fol-
lowing paragraphs as documented in a recent
NTP report (Kluwe, 1982).

Five lifetime feeding studies on di(2-ethyl-
hexyl)phthalate have been reported: three with
rats and two with mice (Table 10). At the 4,000-
ppm dietary level, di(2-ethylhexyl)phthalate did
not cause early deaths in male or female rats or
increase the incidence of tumors (3 of 16 dosed
rats and 5 of 16 controls had tumors when killed
at the end of the study; Carpenter et al., 1953).
Although the specific tumor sites were not
reported, the authors concluded that di(2-cthyl-
hexyl)phthalate was not carcinogenic to rats at
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IV. DISCUSSION AND CONCLUSIONS

this dietary level. Di(2-ethylhexyl)phthalate also
failed to increase tumor incidence in male or
female rats when present at 5,000 ppm in the diet
(Harris et al., 1956). This study also found no
early deaths attributable to di(2-ethylhexyl)phtha-
late, but body weight gain was reduced by the
5,000-ppm di(2-ethylhexyl)phthalate dietary level,
indicating that a near maximal-tolerated dose
for this strain (Wistar) of rats was probably
achieved. A third negative study was reported for
mice supplied with 100 mg/kg (~670 ppm) di(2-
ethylhexyl)phthalate in the diet for three genera-
tions. This dose would appear to be much lower
than the maximum tolerated dose for mice.
Renal cysts occurred in the Fj and F2 genera-
tions, suggesting an adverse effect of di(2-ethyl-
hexyl)phthalate on fetal development (Omori,
1976).

Tests conducted by the NCI/NTP using the
standard bioassay protocol (maximum tolerated
dose and one-half maximum tolerated dose)
identified di(2-ethylhexyl)phthalate as a hepato-
carcinogen in male and female B6C3F1 mice
and in male and female F344/N rats (Table 10).
The effective dietary concentrations — 3,000 and
6,000 ppm for mice and 6,000 and 12,000 ppm
for rats (NTP, 1982b) — were greater than those
employed in the studies that did not find carcino-
genic effects of di(2-ethylhexyl)phthalate. Thus,
the discrepancies between the results of the var-
ious studies could be attributable simply to dif-
ferences in the doses used or to strain differen-
ces. The former is suggested by the dose depen-
dence of the tumorigenic effects in the NCI/ NTP
bioassay (NTP, 1982b).

Other reported chronic effects of di(2-ethyl-
hexyl)phthalate on rats and mice maintained for
1 year on diets containing 500 or 1,000 ppm di(2-
ethylhexyl)phthalate included dose-dependent
interstitial nephritis, increased serum glutamic
pyruvic transaminase activity (hepatotoxicity),
and decreased serum concentration of glucose
(Nagasaki et al., 1975). These effects appeared
only in these Japanese studies, suggesting strain
differences in response to di(2-ethylhexyl)phtha-
late. Nikoronow et al. (1973) reported that a diet
containing 3,500 ppm di(2-ethylhexyl)phthalate
produced a 30% mortality rate in Wistar rats
within 1 year. The pathological basis for the mor-
tality, not generally reported in other di(2-
ethylhexyl)phthalate feeding studies, was not
determined.

Guinea pigs survived a year of dietary expo-
sure to di(2-ethylhexyl)phthalate (1,300 ppm)

with no discernible adverse effects (Carpenter et
al., 1953).

The only primate study located in the litera-
ture seems to suggest that rodents may be less
susceptible to di(2-ethylhexyl)phthalate toxicity
than are the higher species. Weekly intravenous
infusions of small amounts of plasma-solubilized
di(2-ethylhexyl)phthalate into rhesus monkeys
(cumulative dose of 20-70 mg) produced focal
parenchymal liver necrosis and inflammatory cell
infiltration, as well as a subtle change in the
kinetics of exogenously-administered sulfobro-
mophthalein (Jacobson et al., 1977). The last
effect was considered an indication of subtle
hepatic dysfunction. As the doses used were
equivalent to the amount of di(2-ethylhexyl)
phthalate, or mono(2-ethylhexyl)phthalate, to
which humans could be exposed via intravenous
therapy or renal dialysis, a potential for di(2-
ethylhexyl) phthalate-induced hepatotoxicity in
humans may exist. Moreover, the effects of di(2-
ethylhexyl)phthalate on the monkeys' livers did
not disappear after the administration of di(2-
ethylhexyl)phthalate was discontinued, suggest-
ing prolonged or irreversible effects. Whether the
differences between rodents and primates relate
to differences in the sophistication of the
methods chosen for toxicological analysis (sul-
fobromophthalein kinetics vs histopathology) or
to fundamental species differences in response to
phthalate esters is unknown.

A three-generation feeding study of di-n-butyl
phthalate (100 mg/ kg/day, 500-800 ppm) in mice
produced renal cysts in the Fi and F2 genera-
tions, an effect similar to that of di(2-ethyl-
hexyl)phthalate, but no increase in tumor inci-
dence (Table 10; Omori, 1976). Since there was
no indication that a maximum tolerated dose
was reached, this study does not sufficiently indi-
cate that di-n-butyl phthalate is non-carcinogenic.

Dietary di-n-butyl phthalate (1,250 or 2,500
ppm) produced no pathological abnormalities in
rats exposed for 1 year, but 12,500 ppm in the
diet was lethal within a week (Smith, 1953; Niko-
ronow et al., 1973). A single Russian report (Eng-
lish abstract) indicated that rats exposed "chroni-
cally" (length of time not specified) to 0.04
mg/liter di-n-butyl phthalate in air exhibited
alterations in several hematological parameters
(Voronin, 1974). The author cited the changes
(increased leukocytes and erythrocytes, decreased
lymphocytes and monocytes) as evidence of di-n-
butyl phthalate hematotoxicity. Di-n-butyl
phthalate did not produce similar effects in the
feeding studies.
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IV. DISCUSSION AND CONCLUSIONS

Butyl benzyl phthalate, under the conditions
of the standard carcinogenesis bioassay reported
here, was considered non-carcinogenic in mice,
but was inadequately tested in male rats due to
the high incidence of early deaths (Table 10).
Female rats administered butyl benzyl phthalate
exhibited a statistically significant increase in the
incidence of mononuclear cell leukemias at the
12,000-ppm dietary level. Butyl benzyl phthalate
was negative in the mouse lung adenoma assay
(Table 10), a short-term in vivo assay that may
signal long-term carcinogenic effects. Negative
findings in this test, however, are of lesser signifi-
cance than are positive findings. Butyl benzyl
phthalate was judged to be non-carcinogenic to
rats at a daily dose of 5 mg/ kg (Effects of Santi-
cizer 160, 1968; Table 10). This dose, however,
would appear to be considerably lower than the
maximum tolerated dose.

Aware of the current NCI/NTP bioassay
results, the Interagency Testing Committee
recommended to the Environmental Protection
Agency that a more "thorough evaluation of the
potential carcinogenicity of butyl benzyl phthal-
ate be undertaken" (EPA, 1980; EPA, 1981;
EPA, 1982).

Since completing and evaluating the results
from this and other carcinogenesis bioassays on
ortho phthalic acid esters, the National Toxicol-
ogy Program has developed a continuing project
to better characterize the toxic effects of select
members in this chemical class. The detection of
carcinogenic effects of di(2-ethylhexyl)phthalate
(DEHP), di(2-ethylhexyl)adipate (DEHA), and
butyl benzyl phthalate (BBP) in rodents has
stimulated further interest in the chronic toxic
potentials of phthalate esters and related chemi-
cals, many of which are used in plastics or for
other purposes that result in frequent human
exposures. Recognizing the technical and eco-
nomic importances of phthalates and the need
for being able to better extrapolate rodent bioas-
say data to human health effects, the NTP will
continue to study the deleterious effects of
DEHP and to probe their mechanisms of action,
as well as to evaluate the toxic potentials of
several other phthalate esters both individually
and comparatively. As an example: a six-month
Subchronic feeding study on butyl benzyl phthal-
ate in Fischer 344 male rats will be conducted,
with emphases on determining the cause of early
deaths in the study reported in this technical
report and on assessing reproductive function.
The dose-dependent disposition and metabolism

of BBP in rats will be studied to more appro-
priately correlate toxicity with pharmacokinet-
ics and to ascertain the amounts of n-butanol
and benzyl alcohol released as metabolites of
butyl benzyl phthalate (benzyl alcohol is cur-
rently in chronic bioassay). A chronic carcinoge-
nicity bioassay of butyl benzyl phthalate in male
rats will be designed and initiated subsequent to
a complete analysis of the Subchronic study
results.

Hodge, et al. (1953) reported that ethyl phthalyl
ethyl glycolate in the diet at the 5% level (50,000
ppm) caused weight loss, compound-related
deaths, and urinary tract caliculi (perhaps due to
release of the glycol moiety) within 1 year.
Adverse effects were not detected at the 0.5%
level (5,000 ppm) when the rats were adminis-
tered the chemical for 2 years (Table 10). Although
the maximum tolerated dose may not have been
achieved in the latter study, the premature deaths
at 50,000 ppm suggest that 5,000 ppm in the diet
was at least within an order of magnitude of the
maximum tolerated dose.

Rats supplied with up to 20,000 ppm butyl
phthalyl butyl glycolate in the diet for 2 years
exhibited no increase in tumor incidence or other
pathological effects (Table 10). Although this is a
numerically high dietary concentration, neither
early deaths nor a diminution of body weight
gain was produced (Toxicity of BPhBG, 1950),
indicating that the dose of butyl phthalyl butyl
glycolate was probably below the maximum toler-
ated dose.

Neither phthalamide nor phthalic anhydride
(the anhydrous form, phthalic anhydride, is mixed
with specific alcohols to produce the phthalate
esters) was carcinogenic under the conditions of
the standard bioassay (NCI, 1979b; NCI, 1979c;
Table 10). Thus, it would seem that carcinogenic
effects of phthalate esters cannot be attributed to
the phthalate moeity per se or to metabolism to
phthalic acid.

Although judged not carcinogenic in rats under
the standard bioassay conditions (NTP, 1982a),
di(2-ethylhexyl)adipate did produce significant
increases in the incidence of hepatocellular carci-
nomas in female mice and hepatocellular ade-
nomas in male mice (Table 10).

The structural similarities between di(2-
ethylhexyl)adipate and di(2-ethylhexyl)phthalate,
and reports that both of these compounds pro-
duce liver tumors and dominant lethal mutations
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in mice (Singh et al., 1974 and 1975) suggest sim-
ilar, structurally-related mechanisms of action.
Whether or not the monoester derivatives —
mono(2-ethylhexyl)phthalate and mono(2-
ethylhexyl) adipate — would also be carcino-
genic and mutagenic under the same conditions
as the diesters awaits further study.

In summary, two phthalate esters, di(2-ethyl-
hexyl)phthalate and butyl benzyl phthalate, have
been shown to induce carcinogenic responses in
rodents. Some other phthalate ester compounds
were not shown to be carcinogenic in lifetime
feeding studies (Table 10), but the maximum tol-
erated doses were not used in most cases. Neither
short-term, bacterial tests for mutagenic activity
nor structure-activity relationships have been
shown to be good indicators of the effects of the

various phthalate esters in chronic studies. There-
fore, the extensive Salmonella testing and the
metabolism/disposition studies performed on
many phthalate esters do not, at the present time,
appear to adequately indicate the carcinogenic
potential of individual phthalate esters (Kluwe,
1982).

Conclusions. Under the conditions of this bio-
assay, butyl benzyl phthalate was probably car-
cinogenic for female F344/N rats, causing an
increased incidence of mononuclear cell leuke-
mias. The male F344/ N rat study was considered
inadequate for evaluation due to compound-
related toxicity and early mortality. Butyl benzyl
phthalate was not carcinogenic for B6C3F1 mice
of either sex.
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TABLE 10. CARCINOGENICITY OF PHTHALATE ESTERS AND RELATED COMPOUNDS

Compound

Di(2-ethylhexyl)
phthalaie

Di-n-butyl
phthalate

Butyl benzyl
phthalate

Ethyl phthalyl
ethyl glycolate

Butyl phthalyl
butyl glycolate

Phthalic anhydride

Phthalamlde

Di(2-ethylhexyl)
adipate

Test Protocol

Diet, 4,000 ppm, 2 yr.,
rat/ Sherman, male and
female

Diet, 5,000 ppm, 2 yr.,
rat/ Wistar, male and
female

Diet, 100 mg/ kg (-670
ppmK"j. 3 generations,
mouse, male and female

Diet, 12,000 ppm, 2 yr., (b)
rat/F344/N, male and female

Diet, 3,000 or 6,000 ppm, (b)
2 yr., mouse/ B6C3FI, male
and female

Diet, 100 mg/ kg (-670
ppm), (a), 3 generations.
mouse, male and female

Intraperitoneal, 800
mg/kg, (b), 3 times per week
for 8 weeks, mouse/
Strain A, male

Diet, 5 mg/kg, 2 yr.,
rat/ Wistar, male and
female

Diet, 12,000 ppm, 2 yr., (b)
rat/ F344/N, female (d)

Diet, 12,000 ppm, 2 yr., (b)
mouse/ B6C3F1, male
and female

Diet, 5,000 ppm, 2 yr.,
rat

Diet, 200-20,000 ppm.
2 yr. rat/ Sherman

Diet, 5,000 ppm, 2 yr., (b)
rat/F344/N, male and female

Diet, 12,500-50,000 ppm (b)
2 yr., mouse/ B6C3F1, male
and female

Diet, 10,000 ppm (female) (b)
30,000 ppm (male), 2 yr.,
rat/F344/N, male and female

Diet, 12,500 ppm (female) (b)
50,000 ppm (male), 2 yr.,
mouse/ B6C3F1, male and
female

Diet, 25,000 ppm, 2 yr., (b)
rat/F344/N, male and female

Diet, 12,000 or 25,000 ppm (b)
2 yr., mouse/ B6C3F1,
male or female

Results

No increase in
tumor incidence

No pathological
effects

No increase in
tumor incidence
reported

Increased incidence
of hepatocellular
carcinomas in females
and liver tumors in
males

Increased incidence
of hepatocellular
carcinomas

No increase in
tumor incidence

No lung adenomas (c)

No increase in
tumor incidence

Increased incidence
of mononuclear cell
leukemia

No increase in tumor
incidence

No pathological
effects

No pathological
effects

No increase in
tumor incidence

No increase in
tumor incidence

No increase in
tumor incidence

No increase in
tumor incidence

No increase in
tumor incidence

Increased incidence
of hepatocellular
carcinomas in
females (12,000 and
25,000 ppm) and
hepatocellular
adenomas in males
(25,000 ppm)

Reference

Carpenter et al..
1953

Harris et al.,
1956

Omori, 1976

NTP, 1982b

NTP, I982b

Omori, 1976

Theiss, et al.,
1977

Effects of
Santicizer 160,
1968

Current study

Current study

Hodge et al..
1953

Toxicity of
BPhBG (ca) 1950

NCI, 1979c

NCI, 1979c

NCI, 1979b

NCI, 1979b

NTP, 1982a

NTP, I982a

(a) Estimated concentration, based on a daily feed consumption of 15% of body weight.
(b) Maximum tolerated dose was used.
(c) Mouse lung adenoma assay.
(d) Carcinogenicity in males not adequately assessed due to high mortality rates.
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN RATS
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE
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TABLE At.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE

CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 0 0 0

INTEGUMENTARY SYSTEM

NONE
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TABLE A2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE

CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 49 49 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 49 49 50

INTEGUMENTARY SYSTEM

*SKIN (49) (49) (50)
SQUAMOUS CELL CARCINOMA 1 (2X) 1 (2%)
BASAL-CELL TUMOR 1 (2X)
BASAL-CELL CARCINOMA 1 (2%)
SARCOMA, NOS 1 (2%)

*SUBCUT TISSUE (49) (49) (50)
SARCOMA, NOS 3 (6%) 1 (2%)
FIBROMA 1 (2%) 1 (22)

RESPIRATORY SYSTEM

SLUNG (49) (48) (50)
ADENOCARCINOMA, NOS, METASTATIC 1 (2%)
ALVEOLAR/BRONCHIOLAR ADENOMA 1 (2%) I (2X) 1 (2X)
C-CELL CARCINOMA, METASTATIC 1 (2%)
SARCOMA, NOS, METASTATIC 1 (2%)
CARCINOSARCOMA, METASTATIC 1 (2%)

HEMATOPOIETIC SYSTEM

^MULTIPLE ORGANS (49)
MYELOMONOCYTIC LEUKEMIA 6 (12%)

SSPLEEN (47)
MYELOMONOCYTIC LEUKEMIA

SMANDIBULAR L. NODE (45)
MALIGNANT LYMPHOMA, NOS

8LUMBAR LYMPH NODE (45)
ADEHOCARCINOMA, NOS, METASTATIC

(49)
6 (12%)

(47)
1 (2%)

(43)

(43)
1 (2%)

(50)
17 (34%)

(50)
1 (2%)

(47)
1 (2%)

(47)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

SLIVER
MYELOMONOCYTIC LEUKEMIA

CIRCULATORY SYSTEM

XSUBCUT TISSUE
HEMANGIOSARCOMA

DIGESTIVE SYSTEM

8LIVER
NEOPLASTIC MODULE
HEPATOCELLULAR CARCINOMA

KSMALL INTESTINE
ADENOCARCINOMA, NOS

•DUODENUM
LEIOMYOSARCOMA

URINARY SYSTEM

SKIDNEY
TRANSITIONAL-CELL CARCINOMA

ENDOCRINE SYSTEM

ftPITUITARY
ADENOMA, NOS

ttADRENAL
CORTICAL ADENOMA
CORTICAL CARCINOMA
PHEOCHROMOCYTOMA

8THYROID
ADENOMA, NOS
FOLLICULAR-CELL ADENOMA
C-CELL ADENOMA
C-CELL CARCINOMA

(49)
1 (2%)

(49)

(49)
1 (2%)

(48)

(48)

(47)

(45)
20 (44%)

(49)

1 (2%)
2 (4%)

(47)
1 (2%)

2 (4%)

(48)

(49)
1 (2%)

(48)
1 (2%)

(47)
1 (2%)

(47)
1 (2%)

(47)
1 (2X)

(40)
21 (53%)

(46)

1 (2%)

(46)

2 (4%)
1 (2%)
2 (45£)

(50)

(50)

(50)
3
1

(49)

(49)

(50)

(41)
26

(47)
1

(46)

(6%)
(2%)

(63%)

(2%)

S NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
»< NUMBER OF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

SPANCREATIC ISLETS
ISLET-CELL ADENOMA

REPRODUCTIVE SYSTEM

KMAMMARY GLAND
ADENOCARCINOMA, NOS
CARCINOSARCOMA
FIBROADENOMA

*CLITORAL GLAND
CARCINOMA, NOS
SQUAMOU3 CELL CARCINOMA
ADENOMA, NOS
ADENOCARCIHQMA, NOS

itUTERLIS
ADEHOCARCINOMA, NOS
LEIOMYOMA
LEIOMYOSARCQMA
ENDOMETRIAL STROMAL POLYP

8CERVIX UTERI
SARCOMA, NOS

SOVARY
GRAHULOSA-CELL TUMOR

NERVOUS SYSTEM

SBRAIN
ASTROCYTOMA

CONTROL

(47)

(49)
2 (4%)

20 (41%)

(49)
4 (8%)
2 (4%)

(49)

12 (24X)

(49)

(48)

(45)

LOW DOSE

(46)
3 (7X)

(49)

1 (2*)
14 (29%)

(49)
1 (2%)

1 (2%)

(49)

10 (20%)

(49)

(48)

(47)

HIGH DOSE

(46)

(50)

9 ( 18%)

(50)
3 (6%)

1 (2%)

(49)
1 (2%)
1 (2%)
2 (4%)

11 (22%)

(49)
1 (2%)

(49)
1 (2%)

(48)
2 (4%)

SPECIAL SENSE ORGANS

NONE

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

NONE

(t NUM3ER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

ALL OTHER SYSTEMS

^MULTIPLE ORGANS
SARCOMA, NOS, METASTATIC

(49) (49) (50)
1 (2%)

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY
NATURAL DEATH3
MORIBUND SACRIFICE
SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE
ANIMAL MISSING

a INCLUDES AUTOLYZED ANIMALS

50
3
15

31

50
9

1 1

29

50
10
8

32

TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMQRS*
TOTAL PRIMARY TUMORS

TOTAL ANIMALS WITH BENIGN TUMORS
TOTAL BENIGN TUMORS

TOTAL ANIMALS WITH MALIGNANT TUMORS
TOTAL MALIGNANT TUMORS

44
78

35
57

18
20

37
74

32
54

17
19

45
87

36
51

28
32

TOTAL ANIMALS WITH SECONDARY TUMORS* 1 3 1
TOTAL SECONDARY TUMORS 1 4 1

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT t 1 4

TOTAL UNCERTAIN TUMORS 1 1 4

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC

TOTAL UNCERTAIN TUMORS

x PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
« SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MICE
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE
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TABLE B1.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE

ANIMALS INITIALLY IN STUDY
ANIMALS MISSING
ANIMALS NECROPSIED
ANIMALS EXAMINED HISTOPATHOLOGICALLY

INTEGUMENTARY SYSTEM

*SKIN
PAPILLOMA, NOS
FIBROSARCOMA

*SUBCUT TISSUE
FIBROMA
FIBROSARCOMA

RESPIRATORY SYSTEM

SLUNG
CARCINOMA, NOS, METASTATIC
HEPATOCELLULAR CARCINOMA, METAST
ALVEOLAR/BRONCHIOLAR ADENOMA
ALVEOLAR/BRONCHIOLAR CARCINOMA

HEMATOPOIETIC SYSTEM

*MULTIPLE ORGANS
MALIGNANT LYMPHOMA, NOS
MALIG.LYMPHOMA, HISTIOCYTIC TYPE
LEUKEMIA, NOS

SSPLEEN
MALIGNANT LYMPHOMA, NOS

SMESENTERIC L. NODE
MALIGNANT LYMPHOMA, NOS

SPEYER'S PATCH
MALIGNANT LYMPHOMA, NOS

CONTROL

50

50
50

(50)

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

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

13 (26*)
4 (S*)

(50)
9 ( 18*)
1 (2*)
1 (2*)

(50)
2 (4*)

(42)

(48)
1 (2*)

LOW DOSE

50
1

49
49

(49)
1 (2%)

(49)

2 (4%)

(49)

1 (2*)
3 (6*)
8 (16*)

(49)
8 (16*)
1 (2*)

(48)

(46)
2 (4*)

(47)

HIGHI

50

50
50

(50)

1

(50)

1

(50)

4
5
3

(50)
3

(45)
1

(43)

(46)

DOSE

(2*)

(2*)

(8*)
(10*)
(6*)

(6*)

(2X)

» NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

NERVOUS SYSTEM

NONE

CONTROL LOW DOSE HIGH DOSE

CIRCULATORY SYSTEM

8SPLEEN
ANGIOSARCOMA

HIVER
HEMANGIOSARCOMA
ANGIOSARCOMA

DIGESTIVE SYSTEM

SLIVER
HEPATOCELLULAR ADENOMA
HEPATOCELLULAR CARCINOMA

ffSTOMACH
SQUAMOUS CELL CARCINOMA
ADENOCARCINOMA, NOS

JSILEUM
ADENOCARCINOMA, NOS

URINARY SYSTEM

NONE

ENDOCRINE SYSTEM

8ADRENAL
CORTICAL ADENOMA

STHYROID
FOLLICULAR-CELL ADENOMA
FOLLICULAR-CELL CARCINOMA

REPRODUCTIVE SYSTEM

NONE

(50)
1 (2X)

(50)

(50)
4 (8X)
9 ( 185O

(49)

(48)
1 (2X)

(45)

(47)
1 (.2%)
1 (2X)

(48)
2 (4X)

(48)

2 (4%)

(48)
7 (15X)
5 (10%)

(47)
1 (2%)
1 (250

(47)

(43)
1 (25O

(46)
1 (2X)

(45)

(47)
1 (2'X)
1 (2%)

(47)
3 (65O

11 (23X)

(46)

(46)

(45)
1 (2*)

(47)

» NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

SPECIAL SENSE ORGANS

XHARDERIAN GLAND (50) (49) (50)
CARCINOMA,NOS 1 (2JO
PAPILLARY ADENOMA 1 (2X)

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

^MEDIASTINUM (50) (49) (50)
HEPATOCELLULAR CARCINOMA, METAST 1 (2X)

ALL OTHER SYSTEMS

NONE

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY
NATURAL DEATHS
MORIBUND SACRIFICE
SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE
ANIMAL MISSING

a INCLUDES AUTOLY2ED ANIMALS

50

44

50

43
1

50

42

» NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED

Butyl Benzyl Phthalate 56



TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

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

38
52

17
20

29
32

31
45

12
13

22
32

26
31

9
9

18
22

TOTAL ANIMALS WITH SECONDARY TUMORS* 2 1 <t
TOTAL SECONDARY TUMORS 2 1 5

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT

TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC

TOTAL UNCERTAIN TUMORS

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
« SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE B2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE

CONTROL LOW DOSE HIGH DOSE

A N I M A L S INIT IALLY IN STUDY 50 50 50
A N I M A L S NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50

INTEGUMENTARY SYSTEM

*SKIN (50) (50) (50)
BASAL-CELL CARCINOMA 1 (2%)
SEBACEOUS ADENOCARCINOMA 1 (2%)

*SUBCUT TISSUE (50) (50) (50)
SARCOMA, NOS 1 (2?O
FIBROSARCOMA 1 (2?O 1 (2%)
LEIOMYOSARCOMA, METASTATIC 1 (2X)

RESPIRATORY SYSTEM

HUNG (50) (50) (50)
ALVEOLAR/BRONCHIOLAR ADENOMA 5 (10%) 3 (6%) 1 (25O
ALVEOLAR/BRONCHIOLAR CARCINOMA 3 (65O 2
LEIOMYOSARCOMA, METASTATIC 1 (25O
OSTEOSARCOMA, METASTATIC 1 (2%)

HEMATOPOIETIC SYSTEM

^MULTIPLE ORGANS
MALIGNANT LYMPHOMA, NOS
MALIG.LYMPHOMA, HISTIOCYTIC TYPE
MALIGNANT LYMPHOMA, MIXED TYPE

XHEMATOPOIETIC SYSTEM
NEOPLASM, NOS

SSPLEEN
MALIGNANT LYMPHOMA, NOS

SMESEHTERIC L. NODE
MALIGNANT LYMPHOMA, HOS

(50)
10 (20%)
2

(50)

(50)
<» (85O

(39)
1 (3X)

(50)
1 1
2

(50)
1 (2X)

(48)

(50)
15 (30%)

1 (2%)

(50)

(39)

It NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
« NUMBER OF ANIMALS NECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

(49)

(45)

SLIVER
LEUKEMIA,NOS

SPEYER'S PATCH
MALIGNANT LYMPHOMA, NOS

(50)

(45)

(50)

( 4 7 )
2 ( 4 X )

CIRCULATORY SYSTEM

SMESENTERIC L. NODE
ANGIOSARCOMA

SLIVER
ANGIOSARCOMA

XMESENTERY
ANGIOSARCOMA

ftUTERUS
ANGIOSARCOMA

SOVARY/PAROVARIAN
HEMANGIOMA

(39)

(50)
1 (2X)

(50)

(47)

1 (2%)

(42)

(50)
1 (2%)

(50)

(50)

(47)

(39)
1 (3X)

(49)

(50)

(47)
1 (25O

(46)

DIGESTIVE SYSTEM

#LIVER
HEPATOCELLULAR ADENOMA
HEPATOCELLULAR CARCINOMA

SPANCREAS
ACINAR-CELL ADENOMA
LEIOMYOSARCOMA, METASTATIC

#STOMACH
LEIOMYOSARCOMA

(50)

2 (4X)

(43)

(47)

(50)
3 <,(,'/.)
Z (4*)

(44)

1 (2X)

(45)
1 (2%)

(49)
2 (4%)
4 (850

(46)
1 (2%)

(44)

URINARY SYSTEM

NONE

ENDOCRINE SYSTEM

#PITUITARY
ADENOMA, NOS

(46)
1 (2'X)

(39) (41)

» NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
X NUMBER OF ANIMALS NECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

#ADRENAL
CORTICAL ADENOMA

REPRODUCTIVE SYSTEM

XVAGINA
SARCOMA, NOS

((UTERUS
LEIOMYOMA
LEIOMYOSARCOMA
ENDOMETRIAL STROMAL POLYP
ENDOMETRIAL STROMAL SARCOMA

#OVARY
CYSTADENOCARCINOMA, NOS

CONTROL

(44)

(50)
1 (250

(47)
1 (2X)

1 (2%)
1 (2%)

(44)

LOW DOSE

(45)
1 (2*)

(50)

(50)

(47)

HIGH DOSE

(42)

(50)

(47)

2 (4?O
1 (2*)

(46)
1 (25O

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

*HARDERIAN GLAND
ADENOMA, NOS
PAPILLARY ADENOMA
PAPILLARY CYSTADENOMA, NOS

(50) (50)

1 (2%)
2 (4%)

(50)
2 (45O

MUSCULOSKELETAL SYSTEM

*VERTEBRAL COLUMN
OSTEOSARCOMA

(50)
(2?O

(50) (50)

BODY CAVITIES

NONE

ALL OTHER SYSTEMS

NONE

8 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY 50 50 50
NATURAL DEATHS 15 15 13
MORIBUND SACRIFICE 1
SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE 35 35 36
ANIMAL MISSING

2 INCLUDES AUTOLYZED ANIMALS

TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORS*
TOTAL PRIMARY TUMORS

TOTAL ANIMALS WITH BENIGN TUMORS
TOTAL BENIGN TUMORS

TOTAL ANIMALS WITH MALIGNANT TUMORS
TOTAL MALIGNANT TUMORS

TOTAL ANIMALS WITH SECONDARY TUMORSS
TOTAL SECONDARY TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT

TOTAL UNCERTAIN TUMORS

33
40

10
10

26
29

1
1

1
1

27
32

9
9

19
22

1
3

1
1

31
37

7
7

25
30

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC

TOTAL UNCERTAIN TUMORS

x PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
* SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX C

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS
IN RATS FED DIETS CONTAINING BUTYL BENZYL PHTHALATE
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TABLE C1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE

CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOCICALLY 0 0 0

INTEGUMENTARY SYSTEM

NONE
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TABLE C2.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE

CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 49 49 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 49 49 50

INTEGUMENTARY SYSTEM

*SKIN (49) (49) (50)
EPIDERMAL INCLUSION CYST 1 (2X)
ACANTHOSIS 1 (2%)

RESPIRATORY SYSTEM

SLUNG (49) (48) (50)
ATELECTASIS (2%)
CONGESTION, NOS 1 (2X) (2%) 1 (25O
EDEMA, NOS (2K)
HEMORRHAGE 1 (2X) (2%)
INFLAMMATION, FOCAL 2 (45O 7 (15*) 3 (6X)
GRANULOMA, NOS (2*)
NECROSIS, FOCAL (2%)

HEMATOPOIETIC SYSTEM

SBONE MARROW
HYPOPLASIA, NOS

SSPLEEN
PIGMENTATION, NOS
HEMOSIDEROSIS

ftSPLENIC CAPSULE
RUPTURE

SSPLENIC FOLLICLES
ATROPHY, NOS

8SPLENIC RED PULP
ATROPHY, NOS

(42)

(47)

3 (6X)

(47)

(47)
2 (4%)

(47)

(46)
2 (45O

(47)
1 (22)
2 (4X)

(47)

(47)
2 (4X)

(47)
1 (2%)

(40)

(50)

4 (8*)

(50)
1 (2X)

(50)
4

(50)

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
x NUMBER OF ANIMALS NECROPSIED

Butyl Benzyl Phthalate



TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

KMANDIBULAR L. NODE
PIGMENTATION, NOS

ttMEDIASTINAL L.NODE
HEMORRHAGE
PIGMENTATION, NOS
HEMOSIDEROSIS

8PANCREATIC L.NODE
HEMORRHAGE

SMESENTERIC L. NODE
HEMORRHAGE
ATROPHY, NOS

#PEYER'S PATCH
HYPERPLASIA, LYMPHOID

#THYMUS
CYST, NOS
HEMORRHAGE
ATROPHY, NOS

CIRCULATORY SYSTEM

^MULTIPLE ORGANS
PERIVASCULITIS

HUNG
PERIVASCULITIS

((HEART
DEGENERATION, NOS

SMYOCARDIUM
INFLAMMATION, INTERSTITIAL
DEGENERATION, NOS

#CARDIAC VALVE
INFLAMMATION, CHRONIC

*AORTA
INFLAMMATION, NOS

CONTROL

(45)

(45)

1 (2%)

(45)

(45)

(48)

(29)

(49)

(49)
1 (2X)

(46)
1 (2%)

(46)

18 (39%)

(46)

(49)
1 (2*)

LOW DOSE

(43)

(43)

1 (2X)
1 (2*/.)

(43)

(43)

2 (5%)

(47)
1 (2X)

(24)
1 (4X)
1 (4%)
1 (4X)

(49)
1 (2%)

(48)

(46)

(46)

19 (415O

(46)

(49)

HIGH DOSE

(47)
1 (25O

(47)
1 (2X)
2 (450
1 (2%)

(47)
1 (25O

(47)
2 (4X)
1 (250

(49)

(28)
4 (14%)
1 (4%)
2 (7%)

(50)

(50)

(49)

(49)
1 (25O
8 ( 16*/.)

(49)
1 (2X)

(50)

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

XPULMONARY ARTERY
MINERALIZATION

fiOV'ARY
THROMBOSIS, NOS

DIGESTIVE SYSTEM

SSALIVARY GLAND
INFLAMMATION, FOCAL
INFLAMMATION, CHRONIC FOCAL

8SUBMAXILLARY GLAND
INFLAMMATION, INTERSTITIAL
INFLAMMATION, ACUTE/CHRONIC

8SUBMAXILLARY DUCT
HYPERPLASIA, EPITHELIAL

SLIVER
NECROSIS, NOS
NECROSIS, FOCAL
NECROSIS, DIFFUSE
METAMORPHOSIS FATTY
BASOPHILIC CYTO CHANGE
CLEAR-CELL CHANGE

#BILE DUCT
HYPERPLASIA, NOS

8PANCREAS
INFLAMMATION, NOS
INFLAMMATION, FOCAL
ATROPHY, NOS

SPANCREATIC ACINUS
ATROPHY, NOS
ATROPHY, FOCAL

SSTOMACH
ULCER, FOCAL
DEGENERATION, NOS
NECROSIS, FOCAL

CONTROL

(49)
5 (10%)

(48)

(45)

(45)

(45)

(49)

2 (4%)

5 (10%)
43 (88%)

1 (2%)

(49)

(47)

(47)
1 (2%)
3 (6%)

(46)

1 (2%)

LOW DOSE

(49)

(48)
1 (2%)

(48)
2 (4%)
1 (2%)

(48)

(48)
1 (2%)

(48)
1 (2%)

1 (2%)
9 (19%)

33 (69%)

(48)
3 (6%)

(46)
1 (2%)

1 (2%)

(46)

1 (2%)

(49)

1 (2%)

HIGH DOSE

(50)
1 (2%)

(49)

(47)

(47)
t (2%)
1 (2%)

(47)

(50)

2 (4%)

6 (12%)
35 (70%)

(50)
6 (12%)

(46)

1 (2%)
1 (2%)

(46)

1 (2%)

(49)
1 (2X)

2 (4%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED

67 Butyl Benzyl Phthalate



TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

HYPERPLASIA, EPITHELIAL
HYPERPLASIA. BASAL CELL
ACANTHOSIS

SGASTRIC MUCOSA
INFLAMMATION, ACUTE

SFORESTOMACH
ULCER, FOCAL
HYPERPLASIA, BASAL CELL

((COLON
NEfUTODIASIS

URINARY SYSTEM

SKIDNEY
MINERALIZATION
HYDRONEPHROSIS
CYST, NOS
INFLAMMATION, INTERSTITIAL
GLOHERULONEFHRITIS, MEMBRANOUS
NEPHROPATHY
PIGMENTATION, NOS
HEMOSIDEROSIS

SKIDNEY/TUBULE
MINERALIZATION
PIGMENTATION, NOS
HEMOSIDEROSIS
REGENERATION, NOS

SKIDNEY/PELVIS
MINERALIZATION
HEMORRHAGE

(fURINARY BLADDER
INFLAMMATION, ACUTE

ENDOCRINE SYSTEM

SPITUITARY
CYST, NOS

CONTROL

(46)
t (2%)

(46)
1 (2%)

(49)
5 (10%)

(47)
1 (2%)

32 (68%)
2 (4%)
1 (.2%)

(47)

20 (43%)

1 (2%)

(47)

(49)

(45)
10 (22%)

LOW DOSE

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

(49)

(49)

1 (2%)

(46)
3 (7%)

(47)

1 (2%)
1 (2%)

1 (2%)
30 (64%)
1 (2%)
1 (2%)

(47)
1 (2%)

28 (60%)
1 (2%)
1 (2%)

(47)
1 (2%)
1 (2%)

(43)
1 (2%)

(40)
8 (20%)

HIGH DOSE

(495

(49)

(45)
4 (9%)

(50)
1 (2%)

1 (2%)
1 (2%)

20 (40%)
4 (8%)
5 (10X)

(50)

22 (44%)

(50)

(48)

(41)
3 (7%)

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

HEMOKRHAGIC CYST
HEMOSIDEROSIS
HYPERPLASIA, FOCAL

SADRENAL
CYST, NOS
CONGESTION, NOS
METAMORPHOSIS FATTY
ANGIECTASIS

•THYROID
HYFERPLASIA, C-CELL

REPRODUCTIVE SYSTEM

*MAMMARY GLAND
GALACTOCELE
ABSCESS, NOS
INFLAMMATION, CHRONIC
HYPERPLASIA, NOS

*MAMMARY ACINUS
HYPERPLASIA, NOS

SUTERUS
MUCOCELE
HYDROMETRA
HEMORRHAGE
ANGIECTASIS

8UTERUS/ENDOMETRIUM
HYPERPLASIA, FOCAL
HYPERPLASIA, CYSTIC

KOVARY
CYST, NOS
NECROSIS, FAT

NERVOUS SYSTEM

SBRAIN
MALACIA
INFARCT HEMORRHAGIC

CONTROL

1 (2%)

(49)

\ (2V.)
1 (25O
5 ( 10%)

(47)
3 (65O

(49)
3 (6%)
1 (2%)

3 (6%)

(49)
3 (6%)

(49)
1 (2V.)
2 (45O
1 (2%)
1 (2X)

(49)
1 (2%)
2 (4X)

(48)
3 (6X)

(45)

LOW DOSE

1 (3X)
1 (3%)
1 (3%)

(46)

2 (4%)
4 (9%)

(46)
1 (2%)

(49)
5 ( 10X)

1 (2*/.)
1 (2°/.)

(49)

(49)

3 (6V.)

(49)

1 (2X)

(48)
1 (2%)

(47)

HIGH DOSE

(47)
1 (2%)

6 (13*)

(46)
1 (2%)

(50)
5 (10X)

1 (2%)

(50)

(49)

4 (8V.)

(49)

1 (2'/i)

(49)
2 (450
1 (2'O

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

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

SPECIAL SENSE ORGANS

*HARDERIAN GLAND ($9) (49) (50)
HYPERPLASIA, NOS 1 (2*)

— — — — — — — — — — — — — — — — — — — — — — — -- — — — — — — — — — --.— — _-._ — _._._«.__•_ — ___-- — — ™ — — ~ — .— w — .— — -. — — — .- — .— .. — — .-.- — --

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

^MEDIASTINUM (49) (49) (50)
CYST, NOS 1 (2JO
INFLAMMATION, NOS 1 (2X>

PERICARDIUM (49) O9) (50)
INFLAMMATION, NOS t

ALL OTHER SYSTEMS

OMENTUM
NECROSIS, FAT 1

SPECIAL MORPHOLOGY SUMMARY

HONE

« 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 FED DIETS CONTAINING BUTYL BENZYL PHTHALATE
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TABLE D1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE

ANIMALS INITIALLY IN STUDY
ANIMALS MISSING
ANIMALS NECROPSIED
ANIMALS EXAMINED HISTOPATHOLOGICALLY

INTEGUMENTARY SYSTEM

*SKIN
EPIDERMAL INCLUSION CYST
FIBROSIS
ALOPECIA

XSUBCUT TISSUE
ABSCESS, CHRONIC

RESPIRATORY SYSTEM

SLUNG/BRONCHIOLE
INFLAMMATION, ACUTE FOCAL

SLUNG
CONGESTION, NOS
EDEMA, NOS
HEMORRHAGE
INFLAMMATION, NOS
INFLAMMATION, FOCAL
INFLAMMATION, ACUTE FOCAL

HEMATOPOIETIC SYSTEM

SBONE MARROW
CONGESTION, NOS
HYFERFLASIA, HEMATOPOIETIC

SSPLEEN
HYPERPLASIA, LYMPHOID

SSPLENIC FOLLICLES
ATROPHY, NOS

CONTROL LOW DOSE

50 50
1

50 49
50 49

(50) (49)
2 (4X)

1 (2X)
1 (2%)

(50) (49)
1 (2%)

(50) (49)
1 (2*)

(50) (49)

1 (2X)
1 (2X)

1 (2X)
1 (2%)

(45) (44)

t (2%)

(50) (48)
1 (2%)

(50) (48)

HIGH DOSE

50

50
50

(50)

1 (2%)

(50)

(50)

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

(45)
1 (2X)

(45)
1 (2%)

(45)
2 (4X)

8 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

SMANDIBULAR I . NODE
PIGMENTATION, NOS

SCERVICAL LYKPH NODE
HYPERPIASIA, NOS

SMEDIASTINAL L.NODE
ATROPHY, NOS

8PANCREATIC L.NODE
ATROPHY, NOS

SMESENTERIC L. NODE
HEMORRHAGE
HENORRHAGIC CYST
ATROPHY, NOS
HYPERPLASIA, NOS

SINGUINAL LYMPH NODE
PIGMENTATION, NOS
HYPERPLASIA, NOS

SPEYER'S PATCH
HYPERPLASIA, LYMPHOID

tSTHYMUS
CYST, NOS
NECROSIS, NOS
ATROPHY, NOS

CIRCULATORY SYSTEM

^MULTIPLE ORGAN'S
PERIVASCULITIS

SMESENTERIC L. NODE
LYMPHANGIECTASIS

SMYOCARDIUM
DEGENERATION, NOS

DIGESTIVE SYSTEM

SLIVER
ABSCESS, NOS

CONTROL

(.421

(42)

(42)

(42)

(42)

9 (21%)
2 (5%)

(42)
1 (2%)

(48)

(23)
2 (97.)

(50)
2 (4%)

(42)
1 (2%)

(49)

(50)

LOW DOSE

(46)

(46)
1 (2*)

(46)
1 (2%)

(46)

(46)
2 (4JO

1 (2%)

(46)
4 (9X)
1 (2%)

(47)
1 (2*/.)

( 17)
1 (6%)

(49)
1 (2%)

(46)
3 (7%)

(49)

(48)
1 (2X)

HIGH DOSE

(43)
1 (2X)

(43)

(43)

(43)
1 (2X)

(43)
6 (14%)

1 (2X)
1 (2%)

(43)

(46)

(20)

1 (5%)
J (5%)

(50)

(43)

(49)
1 (2%)

(47)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
x NUMBER OF ANIMALS NECROPSIED
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TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

NECROSIS, FOCAL
NECROSIS, HEMORRHAGIC
METAMORPHOSIS FATTY

SBUE DUCT
CYST, NOS
INFLAMMATION, NOS
HYPERPLASIA, NOS

SPANCREAS
INFLAMMATION, NOS
INFLAMMATION, FOCAL
ATROPHY, NOS

8PANCREATIC ACINUS
ATROPHY, FOCAL

SSTOMACH
ECTOPIA
INFLAMMATION, ACUTE
INFLAMMATION, ACUTE FOCAL
NECROSIS, FOCAL
PIGMENTATION, NOS

SPEYER'S PATCH
HYPERPLASIA, NOS

SJEJLINAL MUCOUS MEMBR
ULCER, FOCAL

URINARY SYSTEM

SKIDNEY
MINERALIZATION
GLOMERULONEPHRITIS, NOS
INFLAMMATION, INTERSTITIAL
NEPHROPATHY
GLOMERULOSCLEROSIS, NOS
INFARCT, HEALED
METAPLASIA, OSSEOUS

SKIDNEY/PELVIS
INFLAMMATION, ACUTE

tlURINARY BLADDER
INFLAMMATION, HECROTIZING

1 (2X)

1 (2X)

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

(47)

(47)

(49)
1 (2X)
1 (.2%)
1 (2%)
1 (2X)
1 (2X)

(48)

(48)

(50)
1 (2*)

1 (2X)

1 (2%)

(50)

(50)

1 C2X)
1 (2X)

(48) (47)

(46) (44)
1

1 (2%)
1 (2%) 1

(46) (44)
1 (2X)

(47) (46)

(47) (46)
1

(47) (46)
1

(49) (48)

1 (2/C)
1 (2X) 10
1 ( 2%)

1
1 (2*)

(49) (48)
1

(49) (45)
1 (2X)

(2%)

(2X)

(2%)

(2%)

(21X)

(25O

(252)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

INFLAMMATION, ACUTE
FIEROSIS

ENDOCRINE SYSTEM

SPITUITARY
CYST, HOS

STHYROID
CYST, NOS
HYPERPLASIA, FOLLICULAR-CELL

REPRODUCTIVE SYSTEM

XPREPUTIAL GLAND
CYST, NOS
EPIDERMAL INCLUSION CYST
ABSCESS, NOS
INFLAMMATION, CHRONIC

#PROSTATE
INFLAMMATION, ACUTE
HYPERPLASIA, PAPILLARY

*SEMINAL VESICLE
CYST, NOS

STESTIS
MINERALIZATION

NERVOUS SYSTEM

SBRAIN
MINERALIZATION

SPECIAL SENSE ORGANS

NONE

MUSCULOSKELETAL SYSTEM

NONE

CONTROL LOW DOSE

1 (.2'/.)
1 (2%)

(38) (43)
1 (3X)

(47) (46)
1 (2%)
1 (2%)

(50) (49)
2 (4X)

(47) (47)
1 <2X)

(50) (49)

(49) (48)
3 (6X) 3 (65J)

(45) (47)
2 (4X)

HIGH

1

(41)

(47)

(50)

1
1
1

(43)

1

(50)
1

(47)
1

(49)
1

DOSE

(2%)

(2%)
(2*)

(25O

(2%)

(2X)

(2?:)

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
X NUMBER OF ANIMALS NECROPSIED
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TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

BODY CAVITIES

XABDOMINAL CAVITY (5<n (<*9) (50)
ABSCESS, NOS 1 (2X)

*PERITONEUM (50) (49) (50)
HEMOPERITONEUM 1 (2%)
INFLAMMATION, ACUTE 1 (2%)

ALL OTHER SYSTEMS

OMENTUM
HEMORRHAGE 1
NECROSIS, FOCAL 1
NECROSIS, FAT 1 1

SPECIAL MORPHOLOGY SUMMARY

N O LESION REPORTED 4 8 9
ANIMAL MISSING/NO NECROPSY 1

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE 02.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE
FED DIETS CONTAINING BUTYL BENZYL PHTHALATE

ANIMALS INITIALLY IN STUDY
ANIMALS NECROPSIED
ANIMALS EXAMINED HISTOPATHOLOGICALLY

INTEGUMENTARY SYSTEM

*SUBCUT TISSUE
INFLAMMATION, NOS
FIBROSIS, FOCAL

RESPIRATORY SYSTEM

HUNG
CONGESTION, NOS
HEMORRHAGE
INFLAMMATION, NOS
INFLAMMATION, FOCAL

HEMATOPOIETIC SYSTEM

^MULTIPLE ORGANS
HYPERPLASIA, LYMPHOID

»BONE MARROW
MYELOFIBROSIS
HYPERPLASIA, HEMATOPOIETIC

»SPLEEN
CONGESTION, NOS
HYPERPLASIA, HEMATOPOIETIC

SSPLENIC FOLLICLES
ATROPHY, HOS

SMANDIBULAR L. NODE
PIGMENTATION, NOS

SBRCNCHIAL LYMPH NODE
INFLAMMATION ACUTE PUSTULAR

CONTROL

50
50
50

(50)

(50)

2 (4%)
1 (2X)

(50)

(49)

3 (6X)

(50)

2 (4X)

(50)
1 (2X)

(39)

(39)
1 (3X)

LOW DOSE

50
50
50

(50)

1 (2X)

(50)
2 (4*)

(50)

(44)

1 (2%)

(48)

t (25O

(48)
1 (2X)

(42)
1 (2X)

(42)

HIGH DOSE

50
50
50

(50)
1 (2X)

(50)
1 (2*)

1 (2X)

(50)
1 (2*X)

(45)
1 (25O
1 (2X)

(48)
1 (2*)

(48)
1 (2X)

(39)

(39)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
x NUMBER OF ANIMALS NECROPSIED
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

ttPANCREATIC L.NODE
HYPERPLASIA, NOS

HUMBAR LYMPH NODE
HYPERPLASIA, NOS

ftMESENTERIC L. NODE
HEMORRHAGIC CYST
INFLAMMATION, ACUTE
INFLAMMATION, GRANULOMATOUS
HYPERPLASIA, NOS
HYPERPLASIA, RETICULUM CELL

SLIVER
HYPERPLASIA, HEMATOPOIETIC

ttTHYMUS
CYST, NOS
INFLAMMATION, ACUTE
ATROPHY, NOS

CIRCULATORY SYSTEM

^MULTIPLE ORGANS
PERIARTERITIS

SHEART
ENDOCARDITIS, BACTERIAL
ABSCESS, NOS

8CARDIAC VALVE
NECROSIS, FIBRINOID

ttAORTIC VALVE
NECROSIS, FOCAL

8SUBMAXILLARY GLAND
ARTERIOLOSCLEROSIS

*OVARY
ARTERIOLOSCLEROSIS

DIGESTIVE SYSTEM

ftSUBMAXILLARY GLAND
NECROSIS, FOCAL

CONTROL

(39)
1 (35O

(39)
1 (3X)

(39)
1 (3X)

1 (3%)

(50)

(20)

1 (5X)

(50)

(48)
1 (2X)

(48)
1 (2%)

(48)

(48)

(44)

(48)

LOW DOSE

(42)

(42)

(42)

1 (2X)
1 (2K)

(50)
1 (2X)

(22)
2 (9X)

(50)

(50)

1 (2'/.)

(50)

(50)

(45)
1 (2X)

(47)
1 (2X)

(45)
1 (2*)

HIGH DOSE

(39)

(39)

(39)

1 (3X)

(49)

( 19)

1 (5X)

(50)
1 (25O

(50)

(50)

(50)
1 (25O

(46)

(46)

(46)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

SLIVER
NECROSIS, NOS
NECROSIS, FOCAL
INFARCT, FOCAL
METAMORPHOSIS FATTY
PIGMENTATION, NOS

SPANCREAS
DILATATION/DUCTS
CYSTIC DUCTS
INFLAMMATION, NOS
ABSCESS, NOS
ATROPHY, NOS

ttPANCREATIC ACINUS
ATROPHY, NOS
ATROPHY, FOCAL

8STOMACH
HYPERPLASIA, BASAL CELL
ACANTHOSIS

SILEUM
ULCER. NOS
ADHESION, NOS

#ILEAL MUCOUS MEMBRAN
NECROSIS, NOS

tCOLON
HEMATODIASIS

URINARY SYSTEM

SKIDNEY
MINERALIZATION
HEMORRHAGE
INFLAMMATION, INTERSTITIAL
ABSCESS, NOS
GLOMERULONEPHRITIS, CHRONIC
NEPHROPATHY

ffKIDNEY/TUBULE .
PIGMENTATION, NOS

CONTROL

(50)

t (2%)

1 (2X)

(43)
1 (2>O

(43)
2 (55O

(47)

(45)

(45)

(43)
1 (2%)

(50)

1 (2%)

2 (4%)
1 (250

(50)

LOW DOSE

(50)

1 (2%)
1 (2%)

(44)

1 (2%)
1 (25O
1 (2X)
1 (2-'O

(44)

(45)

(47)

(47)

(45)

(50)

t (2X)
1 (25O
2 (4%)
1 (2X.)

(50)

HIGH DOSE

(49)
1 (2X)

1 (2X)

(46)

1 (2X)

(46)

1 (2%)

(44)
1 (2%)
1 (2X)

(45)
1 (2%)
1 (2%)

(45)
1 (2X)

(43)

(49)
1 (2%)

3 (6X)

2 (4X)

(49)
1 (2X)

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

REGENERATION, N05

((KIDNEY/PELVIS
INFLAMMATION, CHRONIC

(fURINARY BLADDER
INFLAMMATION, CHRONIC
ADHESION, NOS

ENDOCRINE SYSTEM

((PITUITARY
HYPERPLASIA, FOCAL

#ADRENAL
METAMORPHOSIS FATTY

#THYROID
CYSTIC FOLLICLES
HYPERPLASIA, EPITHELIAL

REPRODUCTIVE SYSTEM

SUTERUS
HEMORRHAGE
INFLAMMATION, ACUTE
ABSCESS, NOS

ttCERVIX UTERI
INFLAMMATION, CHRONIC

(tUTERUS/ENDOMETRIUM
INFLAMMATION, ACUTE
HYPERPLASIA, CYSTIC

KENDOMETRIAL GLAND
CYST, NOS

SOVARY
MINERALIZATION
CYST, NOS
HEMORRHAGE
HEMORRHAGIC CYST

CONTROL

(50)
1 iZ'/.l

(45)

(46)

(44)

(45)

1 (25i)

(47)
1 (2X)

1 (2*/.)

(47)
1 (2%)

(47)
3 (6%)

31 (66X)

(47)
1 (2X)

(44)

6 (14X)

1 (2X)

LOW DOSE

1 (2«)

(50)

(47)

(39)

(45)

(49)
1 (2X)

(50)

1 (2X)

(50)

(50)
6 (12%)

29 (585O

(50)

(47)

5 MIX)
1 (2X)

HIGH DOSE

(49)

(46)
1 (2X)
1 (2X)

(41)
1 (2X)

(42)
1 (2%)

(48)

(47)
1 (25O
1 (2X)
1 (2X)

(47)

(47)
4 (9X)

36 (77X)

(47)

(46)
2 (4X)
2 (4X)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE HIGH OOSE

INFLAMMATION, NOS 1 (2%)
INFLAMMATION, SUPPURATIVE 1 (2%)
ABSCESS, NOS 4 ( 9X) 5 (11%) 3 (7%)
HYPERFLASIA, EPITHELIAL 1 (2%)

NERVOUS SYSTEM

SBRAIN/MENINGES (50) (46) (43)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)

8BRAIN (50) (46) (43)
MINERALIZATION 1 (25O 1 (2%) 3 (75O
INFLAMMATION ACUTE PUSTULAR I (2Z)

SPECIAL SENSE ORGANS

NONE

MUSCULOSKELETAL SYSTEM

^SKELETAL MUSCLE (50) (50) (50)
ABSCESS, MOS 1 (2X)

^INTERCOSTAL MUSCLE (50) (50) (50)
INFLAMMATION ACUTE PUSTULAR 2 (4%)

BODY CAVITIES

^ABDOMINAL CAVITY
ABSCESS, NOS

*PERITONEUM
INFLAMMATION, NOS
INFLAMMATION, ACUTE
INFLAMMATION, CHRONIC

••MESENTERY
INFLAMMATION, NOS
NECROSIS, FAT

(50)

(50)
1 (2*)
2 (4X)

(50)
J
2 (45O

(50)
1 (250

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

(50)

(50)

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

(50)

ALL OTHER SYSTEMS

THORAX
EMPYEMA

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE HIGH DOSE

OM EN T I'M
INFLAMMATION WITH FIBROSIS
NECROSIS, FAT 1

1
1

SPECIAL MORPHOLOGY SUMMARY

NO LESION REPORTED
AUTO/NECROPSY/HISTO PERF

» NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
X NUMBER OF ANIMALS NECROPSIED
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APPENDIX E

ANALYSIS OF BUTYL BENZYL PHTHALATE
(Lot No. M2676)

MIDWEST RESEARCH INSTITUTE
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APPENDIX E

C H

73.06 6.45
73.12 6.44
73.28 6.48

Literature Values

370° at 760 mm Hg
(Gillio-Tos and Vimercati, 1966

ill 1.115 (Gillio-Tos
and Vimercati, 1966)

!*? = 1.535 (Gillio-Tos and
Vimercati, 1966)

A. ELEMENTAL ANALYSIS

Element

Theory
Determined

B. BOILING POINT

Determined

331° to 370°, at 742 mm Hg

C. DENSITY

d24
4

51.1142 ± 0.0002 (d)

D. REFRACTIVE INDEX
no0 L5394

E. THIN-LAYER CHROMATOGRAPHY

Plates:

System 1: Silica gel G-25-UV254

System 2: Silica gel 60 F-254
Amount spotted: 100 and 300 jug
Ref. standard: Dimethyl terephthalate (12.6 mg/ml methanol)
Visualization: Ultraviolet, 254 nm. Sprayed

with 20% resorcinol in ethanol containing 300
mg zinc chloride in 100 ml and then heated for
10 minutes at 150°C. The plate was then
cooled and sprayed with 4N sulfuric acid and
heated for 20 minutes at 120°C. Finally, the
plate was sprayed with 40% aqueous potassium
hydroxide.

System 1: Dichloromethane, 100%

Rf: 0.47
Rst: 1.19

System 2: Hexane: p-Dioxane (90:10)

Rf. 0.44
Rst: 0.76
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APPENDIX E

F. VAPOR-PHASE CHROMATOGRAPHY

Instrument: Tracer MT220

Detector: Flame ionization

Inlet temperature: 250° C

Detector temperature: 280° C

System 1

Column: 3% Dexsil 400 on 80/100 chromosorb W (AW), 1.8 m x
4 mm I.D., glass

Detector temperature: 280° C
Oven temperature program: 5 minutes at 150°C, then

150°C to 250° C at 10° C/minute
Sample injected: (6jul) neat liquid, and 1.0% and 0.5% in methylene

chloride to check for overloading and to quantitate
the major peak

Results: Major peak and seven impurities

Peak

1
2
3
4
5
6
7
8

Retention
Time (min)

4.7
4.8
5.8
7.6
8.0
8.3
9.8

11.0

Relative Retention
Time

0.57
0.58
0.70
0.91
0.96
1.0
1.2
1.3

Relative Area (%)

0.1
0.2
0.06
0.4
0.2

100
0.4
0.4

System 2
Column: 3% OV-1 on 80/100 Supelcoport, 1.8 m x 4 mm I.D., glass
Detector temperature: 276° C
Sample injected: (7 //I) neat liquid, and 1.0% and 0.5% in methylene

chloride to check for overloading and to quantitate
major peak

Oven Temperature program: 5 minutes at 150°C, then
150°C to 250°C at 10°C/minute

Results: Major peak and one impurity

Retention Relative Retention
Peak Time (min) Time Relative Area

1 4.0 0.56 0.04
2 7.1 1.0 100
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APPENDIX E

G. SPECTRAL DATA
(1) Infrared:
Instrument: Beckman IR-12
Cell: Neat sodium chloride

plate
Results: See Figure 5

(2) Ultraviolet/Visible:

Instrument: Cary 118

No literature spectrum found

No literature values found.
Experimental data are
consistent with the
structure.

max(nm)

281 s
275
269
264
257s

x 10-3

1.17 ±0.01 (6)
1.30 ±0.02 (<5)
1.20±0.02(<5)
1.16±0.02(<5)
1.31 ±0.02(5)

(No absorbance between 350 and 800 nm (visible region)
Solvent: Methanol

(3) Nuclear magnetic resonance:
Instrument: Varian HA-100
Solvent: Chloroform-d with
internal tetramethylsilane

Assignments (see Figure 6)

'»* * ~ ppm (Jab = 7 Hz):
innr

No literature spectrum
found. Experimental
spectrum consistent
with the structure.

(b)
(c)
(d)
(e)
(f)

(d) = 0.88
(d) 1.35 ppm;
(d) = 1.60 ppm;
(d) = 4.19 ppm, Jed = 7 Hz;
(6) - 5.34 ppm;
(d) = 7.09 - 7.67 ppm;

m, (d) = 7.67 - 8.09 ppm;
impurity, (d) = 0.79 ppm

t,
m,
m,
t,
s,
m,
m,(g)

(h)
Integration Ratios:

(a
(b
(d)
(e)
(f)
(g)

h) 3.01
c) 4.01
2.15
2.01
6.81
2.01
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Figure 5. Infrared Absorption Spectrum of Butyl Benzyl Phthalate (Lot No. M2676)
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Figure 6. Nuclear Magnetic Resonance Spectrum of Butyl Benzyl Phthalate (Lot No. M2676)
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APPENDIX F

A. ELEMENTAL ANALYSIS

Element C H

Theory 73.06 6.45
Determined 73.73 6.43

73.80 6.39

B. ESTER TITRATION

Free acid titration: No titratable free acidity

Ester titration: 97.20% ±1.12% (Annual Book of ASTM
Standards, 1974)

Samples of butyl benzyl phthalate were hydrolyzed for 2 to 16 hours at
room temperature with potassium hydroxide. Test samples were titrated
at 2-hr intervals to determine the time needed to complete hydrolysis.
The 12-, 14-, and 16-hr samples indicated complete hydrolysis. The
14- and 16-hr samples were averaged to obtain the total ester value
reported.

C. THIN-LAYER CHROMATOGRAPHY

Plates: Silica Gel G-25 Ref. Standard: Dimethyl
UV254 terephthalate (12.6 mg/ml

methanol)

Amount Spotted: 100 and Visualization: Ultraviolet, 254 nm.
300 g (10 mg/ml in Sprayed with 20% resorcinol in
methanol) ethanol containing 300 mg zinc

chloride in 100 ml and then
System 1: heated for 10 min at 150°C.
Dichloromethane,100% The plate was then cooled and
Rf 0.394(major) sprayed with 4N sulfuric acid
Rst: 1.25 and heated for 20 min at

I20°C. Finally, the plate
System 2: was sprayed with 40% aqueous
Hexane:p-dioxane(90:10) potassium hydroxide.
Rr. 0.314(major),

0.215(trace)
Rst: 0.739,0.506(trace)

D. VAPOR-PHASE CHROMATOGRAPHY

Instrument: Varian 3740
Detector: Flame ionization
Inlet temperature: 250°C
Carrier gas: Nitrogen
Carrier flow rate: 70 cc/ min

System 1:

Column: 3% Dexsil 400 on 80/100 Chromosorb W(AW), 1.8 m x 4 mm
I.D., glass

Detector temperature: 280° C
Oven temperature program: 5 min at 150°C, then 150° to

250°C at 10°C/min
Sample injected: (6 //I) neat liquid, and 1.0% and 0.5% in

methylene chloride to check for overloading and quantitate
the major peak.
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APPENDIX F

Results: Major peak and 10 impurities. Three impurities had
areas of 0.22%, 0.27%, and 1.19% of the major peak. The re-
maining seven impurities totaled less than 0.4% of the
major peak.

Peak

1
2
3
4
5
6
7
8
9

10
11

Retention Time
(min)

0.8
1.2
9.9

10.1
12.1
15.7
18.6
20.2
20.5
26.5
33.5

Retention Time
(Relative to butyl
benzyl phthalate)

0.04
0.06
0.53
0.54
0.65
0.85
1.00
1.09
1.10
1.43
1.81

Area (Percent)
of butyl benzyl

phthalate)

0.03
0.05
0.22
0.27
0.14
0.01

100
0.02
0.05
1.19
0.04

System 2
Column: 3% OV-1 on 80/100 Supelcoport, 1.8 m x 4 mm I.D., glass
Detector temperature: 276° C
Oven temperature program: 5 min at 150°C, then 150° to

250°C at 10°C/min
Sample injected: (7 fj\) neat liquid, and 1.0% and 0.5% in

methylene chloride to check for overloading and quantitatc
major peak.

Results: Major peak and eight impurities. Two impurities had
areas of 0.22% and 0.59% of the major peak area. The
remaining six impurities had areas totaling less than 0.2% of the
major peak area.

Peak

1
2
3
4
5
6
7
8
9

Retention Time
(min)

2.8
4.4
8.0

14.7
17.0
24.3
25.8
31.4
48.8

Retention Time
(Relative to butyl
benzyl phthalate)

0.11
0.17
0.31
0.57
0.66
0.94
1. 00
1.22
1.89

Area (Percent)
of butyl benzyl

phthalate)

0.01
0.02
0.01
0.22
0.07
0.01

100
0.03
0.59

91 Butyl Benzyl Phthalate



APPENDIX F

E. SPECTRAL DATA
(1) Infrared

Instrument: Beckman IR-12
Cell: Neat liquid between

silver chloride plates

Results: See Figure 7

(2) Ultraviolet/Visible

No absorbances between 800-350 nm
Instrument: Cary 118

/\ max(nm)

281 (shoulder)
274.5
268
263.8'
257 (shoulder)
230 (shoulder)

€ X 1C'3

1175.1 ±
1301.7 ±
1185.0 ±
1151.5 ±
1309.7 ±
8604.8 ±

4.2
6.3
5.6
5.6
4.8
18.4

Solvent: Methanol

(3) Nuclear Magnetic Resonance

Instrument: Varian HA-100
Solvent: Chloroform-d-with

internal tetramethylsilane

Assignments: (See Figure 8)

(a) t, (6) - 0.85 ppm (Ja-b = 7 Hz)
(b) m, (<5) = 1.30 ppm
(c) m, (<5) = 1.52 ppm (Jcd = 7 Hz)
(d) t, (d) = 4.12 ppm
(e) s, (<5) = 5.26 ppm
(f) m, (5) = 7.14-7.44 ppm
(g) m, (<5) = 7.54-7.72 ppm

Integration Ratios:

(a) 2.82
(b+c) 4.22
(d) 1.90
(e) 1.90
(f) 6.97
(g) 2.18

No literature reference found.
Spectrum is consistent with
structure and IR previously
done on Lot No. M2676, Batch
No. 01, report dated 4/20/76.

No literature data found.
Spectrum is consistent with
UV/Vis previously done on
Lot No. M2676, Batch No. 01,
report dated 4/20/76.

No literature reference found.
Spectrum consistent with
structure and NMR previously
done on Lot No. M2676,
report dated 4/20/76.
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APPENDIX G

STABILITY ANALYSIS OF
BUTYL BENZYL PHTHALATE IN

FORMULATED DIETS

(MIDWEST RESEARCH INSTITUTE)
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APPENDIX G

1. Mixing and storage: Butyl benzyl phthalate (2.5010 g) and Wayne Lab-Blox® Rodent Feed
(22.5011 g) were mixed in a mortar. Samples of the mixture were then removed and stored for 2 weeks
at -20°, 5°, 25°, and 45°C, respectively. These samples were analyzed by vapor-phase chromatog-
raphy as described below.

2. Extraction and analysis: One-gram samples of each of the above stability mixtures were triturated
twice with 50-ml portions of methanol. The supernatant solutions were combined and diluted to 100 ml
with methanol in a volumetric flask, and this constituted the test solution.

Instrument: Bendix 2500
Column: 3% OV-17 on 80/100 Supelcoport glass, 1.8 m, 4 mm I.D.
Detection: Flame ionization
Oven temperature: 230° C, isothermal
Detector temperature: 255° C
Inlet temperature: 250° C

3. Results:

Average %
Sample (°C) Compound Recovered (a)

-20 10.0+.3
5 9.6±.3

25 9.8±.3
45 9.4±.3

(a) Corrected for a spike recovery value of 96.2%. Theoretical expected value, 10.0%.

There was no significant difference between the samples stored at the various temperatures.

4. Conclusion: Butyl benzyl phthalate mixed with feed is stable for 2 weeks at temperatures of up to
45° C.
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APPENDIX H

ANALYSIS OF FORMULATED DIETS FOR
CONCENTRATIONS OF BUTYL BENZYL PHTHALATE
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APPENDIX H

Two-gram samples were extracted with 50 ml of methanol. The net ultraviolet absorbances of the
supernatant extracts were determined at 275 nm and corrected for recovery with spiked controls.

Theoretical
Concentration

(ppm)

Number
of

Samples

Sample
Analytical

Mean
(ppm)

Coefficient
of

Variation (%)
Range
(ppm)

6,000 13 5,681 4.99 5,200- 6,350
12,000 15 11,493 6.17 10,200-12,900

S. GOVERNMENT PRINTING OFFICE: 1982-361-132:671
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