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NOTETOTHEREADER 

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

Clear Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a 
chemically related increased incidence of malignant neo lasms, studies that exhibit a 
substantially increased incidence of beni neoplasms, or sfudies that exhibit an increased 
incidence of a combination of malignant a n g e n i g n  neoplasms where each increases with dose. 

0 Some Evidence of Carcino enicjt is demonstrated by studies that are inter re ted as showing a 
chemically related increase5 inciJnce of benign neoplasms, studies thal exhibit margmal 
increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in 
uncommon malignant or benign neoplasms. 

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

0 No Evidence of Carcinogenicity i s  demonstra;ted by studies that are interpreted as  showing no 
chemically related increases in malignant or benign neoplasms. 

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

Additionally, the followin concepts (as atterned from the International A ency for Research on Cancer 
Monographs) have been afopted by the P?TP to give further clarification of tfese issues: 

The term chemical 
usuall observed, 

cancer, that is, of 
of various types of 
Technical Reports, 

the in B uction b chemicals of more 
may be involve2 in these situations, 

This stud was initiated b the National Cancer Institute's Carcinogenesis Bioassay Program now part 
of the Nalional Institute o? Environmental Health Sciences, National Toxicolo Program. The studies 
described in this Technical Report have been conducted in com liance with 8?'P chemical health and 
safet requirements and must meet or exceed all applicable Fe&ral,. state, and local health and safety 

presented for peer review. 

Althou h every effort is made to prepare the Technical Re orts as accurately as possible, mistakes may 

make this information known to the YTb. Comments and uestions about the .(ational Toxicolo 
Program Technical Reports on Toxicolog and Carcino enesis 8tudies should be directed to Dr. J.E. H a  
National Toxicology Program, P.O. Box 62233, Resear5  Triangle Park, NC 27709 (919-541-3780). 
These NTP Technical Reports are available for sale from the National Technical Information Service, 
U.S. De artment of Commerce, 5285 Port Royal, Road, Springfield, VA 22161 (70:3-487-4650). Sin le 
copies s t h i s  Technical Re or! are ava!lable without char e (and while supplies las\) from the N!'P 
Public Information Office, gational Toxicology Program, P.6. Box 12233, Research. Triangle Park, NC 
27709. 

regu ij ations. All NTP toxicology and carcinogenesis studies are subjected to a data. audit before being 

occur. %eadem are re uested to identify any mistakes so t R at  corrective action-may be taken. Further 
anyone who is aware o 7 related ongoing or ublished studies not mentioned in this report is encouraged td 
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Br Br Br Br  

DECABROMODIPHENYL OXIDE 

CAS NO. 1163-19-5 

C12Br100 Molecular weight 960 

Synonyms: Decabromodiphenyl ether; Bis(pentabromopheny1)ether; DBDPO 

ABSTRACT 

Toxicology and carcinogenesis studies of decabromodiphenyl oxide, a flame retardant for plastics and 
other materials, were conducted by exposing groups of 50 male and 50 female F344/N rats and 
B6C3F1 mice at 0, 25,000, and 50,000 ppm in the diet for 103 weeks. These concentrations were 
selected because no toxicity was observed at  any dose in the 14-day or 13-week studies and 50,000 
ppm chemical in the diet is considered to be the highest dose to which rats and mice can be exposed for 
extended periods of time without reducing the nutritional value of the diet. No compound-related 
gross or microscopic pathologic effects were observed in the 14-day or 13-week studies. 

Body weights of dosed male and female rats and mice in the 2-year studies were comparable to those 
of the controls. Decreased survival of low dose male rats was not believed to be compound related. No 
other effects on survival were observed in the 2-year studies. Loss of control male mice (presumably 
due to fighting) was significant during the first part of the study. 

In the 2-year studies, nonneoplastic lesions were observed at  increased incidences in rats and mice of 
each sex. Thrombosis and degeneration of the liver, fibrosis of the spleen, and lymphoid hyperplasia 
were observed in high dose male rats. Degeneration of the eye was observed in low dose female rats. 
Nonneoplastic lesions observed in dosed mice were granulomas in the liver of low dose males and hy- 
pertrophy in the liver of low dose and high dose males. Follicular cell hyperplasia was observed in 
thyroid glands of dosed male mice (control, 2/50; low dose, 10/50; high dose, 19/50). 

The incidences of neoplastic nodules in the liver of low and high dose male rats (1/50; 7/50; 15/49) and 
high dose female rats (1/50; 3/49; 9/50) were significantly greater than those in the controls. Mono- 
nuclear cell leukemia occurred in dosed male rats with a positive trend (30/50; 33/50; 35/50); this mar- 
ginal increase was not considered biologically significant. Acinar cell adenomas were observed in the 
pancreas of four high dose male rats, and a sarcoma was observed in the spleen of one low dose and 
one high dose male rat. Hepatocellular adenomas or carcinomas (combined) occurred a t  marginally 
increased incidences in dosed ‘male mice (8/50; 22/50; 18/50). The incidences of thyroid gland 
follicular cell adenomas or carcinomas (combined) were increased in dosed male mice (0/50; 4/50; 
3/50). 

A study of decabromodiphenyl oxide absorption from the gastrointestinal tract indicated that absorp- 
tion was minimal, possibly less than 1%, at  the doses administered in the 2-year studies. Additional 
chemical analysis indicated that the decabromodiphenyl oxide used in these studies contained several 
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less brominated diphenyl oxides. Therefore, since absorption and toxicity of minor impurities are 
unknown, effects observed in these studies must be attributed to the approximately 95% pure 
preparation used rather than to pure decabromodiphenyl oxide. 

Decabromodiphenyl oxide was not mutagenic in strains TA1535, TA1537, TA98, or TA100 of Sal- 
monella typhimurium in the presence or absence of Aroclor 1254induced Sprague-Dawley male rat  or 
Syrian male hamster liver S9 when tested according to the preincubation protocol. Decabromodi- 
phenyl oxide was not mutagenic in the mouse lymphoma L5178YPTK"- assay in the presence or ab- 
sence of Aroclor 125Pinduced F344 male rat liver S9. Decabromodiphenyl oxide did not induce 
sister-chromatid exchanges or chromosomal aberrations in Chinese hamster ovary cells in vitro in 
the presence or absence of S9 prepared from livers of Aroclor 1254-induced male Sprague-Dawley 
rats. 

An audit of experimental data was conducted for these 2-year studies on decabromodiphenyl oxide. 
No data discrepancies were found that influenced the final interpretations. 

Under the conditions of these 2-year feed studies of decabromodiphenyl oxide, there was some evi- 
dence of carcinogenicity* for male and female F344/N rats as shown by increased incidences of neo- 
plastic nodules of the liver in low dose (25,000 ppm) males and high dose (50,000 ppm) groups of each 
sex. There was equiuocul evidence ofcarcinogenicity for male B6C3F1 mice as shown by increased in- 
cidences of hepatocellular adenomas or carcinomas (combined) in the low dose group and of thyroid 
gland follicular cell adenomas or carcinomas (combined) in both dosed groups. There was no evidence 
of carcinogenicity for female B6C3F1 mice receiving 25,000 or 50,000 ppm in the diet. Several non- 
neoplastic lesions were observed at increased incidences, the most notable being thyroid gland 
follicular cell hyperplasia in male mice. 

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. The discussion and vote regarding 
the interpretative conclusions are summarizedon pages 15-16. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

DECABROMODIPHENYL OXIDE 

On August 14,1985, the draft Technical Report on the toxicology and carcinogenesis studies of deca- 
bromodiphenyl oxide received peer review by the National Toxicology Program Board of Scientific 
Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review 
meeting began at 9:00 a.m. in the Conference Center, Building 101, South Campus, National Insti- 
tute of Environmental Health Sciences, Research Triangle Park, North Carolina. 

Dr. H. Matthews, NTP, began the discussion with a summary of the study design, results, and conclu- 
sions, Dr. Mirer, a principal reviewer, considered the chemical disposition study to be a significant 
contribution to the Technical Report and suggested the description of the findings should be in the 
Results section rather than only in a n  appendix. The results could be important in interpretation of 
studies involving doses by other routes or biologic monitoring data. Further, Dr. Mirer said that 
statistical tests would be desirable where there are increased nontumor pathologic effects, whether or 
not the lesions are correlated with neoplasia. 

As a second principal reviewer, Dr. Swenberg agreed with the conclusions. He said that the decreased 
survival in control male mice was very striking and could be highlighted in the Abstract as well as 
the text. A summary paragraph should be included that states the implications of the pharmaco- 
kinetic data with respect to the doses used in the studies. [See page 11.1 

As a third principal reviewer, Dr. Turnbull also agreed with the conclusions. He noted that the in- 
creased incidence of leukemia in dosed male rats was not considered biologically significant due to a 
high incidence in the concurrent controls and lack of a significant increase in females. Yet, in the fe- 
males, the incidence was almost significant. Dr. E. McConnell, NIEHS, stated that the reported 
incidences of leukemia in Fischer rats have been increasing over the last couple of years, primarily, 
he thought, because of better diagnosis, particularly in the early stages, rather than because of a true 
increase in the incidence. Thus, concurrent control rates would be more appropriate for comparisons 
than would historic rates. 

As a fourth principal reviewer, Dr. Hooper agreed with the conclusions in female rats and male and 
female mice. He said that the conclusions in male rats should be upgraded to clear evidence of car- 
cinogenicity, based on the substantial dose-related increases in benign liver tumors (neoplastic 
nodules). Dr. Matthews said that the conclusion reflected, in part, that there were no increases in 
hepatocellular carcinomas. Dr. Kociba contended that the categorization for rats was too strong in 
that only a small percentage of neoplastic nodules progress to malignant tumors. Rather, a category 
such as “some evidence of benign tumor induction’’ would be more appropriate. Dr. Perera said that 
until the guidelines are changed, the Panel should adhere to the wording as given in the Note to the 
Reader and on that basis she agreed with Dr. Hooper. Dr. Hooper commented that the design would 
have been improved if only a single lot of the 99% pure chemical had been used. The use of four lots of 
varying purity coupled with very low (2%) absorption might have affected the experimental outcome, 
particularly if the active agents were present as impurities in only one of the less pure batches. Dr. 
Matthews acknowledged the low absorption but said that it was confirmed that decabromodiphenyl 
oxide was absorbed. The absorption of impurities is not known. Further, only two lots were used in 
the long-term studies and they would be identified. 

There was considerable discussion about the strength of evidence for carcinogenicity in male mice. 
Dr. Kociba stated that poor survival in concurrent controIs pointed to use of historical rates as appro- 
priate. Since the rates of hepatocellular adenomas or carcinomas (combined) for both low dose and 
high dose groups were within the historical control range, he felt that the correct conclusion was no 
evidence of carcinogenicity. Dr. J. Huff, NIEHS, noted that the low dose and high dose rates were 
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greater (36% and 44%) than the mean historical rate (30%); thus, equivocal evidence of 
carcinogenicity was proper. Dr. Perera commented that the stated genetic nonuniformity of the mice 
was another reason that concurrent controls should be used. Dr. Purchase said that he could not ac- 
cept equivocal evidence of carcinogenicity as there was a lack of statistical significance with both 
liver and thyroid gland neoplasms. Dr. Huff reminded the Panel that there was a statistically sig- 
nificant increase in liver neoplasia for low dose male mice, and Dr. G. Boorman, NIEHS, said the con- 
clusion was influenced by the high incidence of thyroid gland follicular cell hy-perplasias. Dr. Swen- 
berg was of the opinion that the conclusion was correct in that the liver and thyroid gland findings 
were neither clearly positive nor clearly negative. Dr. Tannenbaum asked for more consistency in de- 
ciding when to use historical controls. Dr. Swenberg commented that, for a variable tumor, historical 
control values are appropriate for comparison purposes. 

Dr. Hooper moved that the conclusion of some evidence of carcinogenicity for femarle rats be accepted 
as written. Dr. Turnbull seconded the motion, and it was approved by 10 affirmative votes with 1 ab- 
stention (Dr. Kociba). Dr. Hooper moved that the conclusion of no evidence of carcinogenicity for fe- 
male mice be accepted as written. Dr. Turnbull seconded the motion, and it was approved by 10 af- 
firmative votes with 1 abstention (Dr. Kociba). Dr. Hooper moved that the conclusion for male mice, 
equivocal evidence of carcinogenicity, be accepted as written. Dr. Turnbull second,ed the motion, and 
it was approved by six affirmative votes (Dr. Hooper, Dr. Kotelchuck, Dr. Mirer, Dr. Perera, Dr. 
Swenberg, and Dr. Turnbull) with three negative votes (Dr. Crowley, Dr. Purchase, and Dr. Tannen- 
baum) and one abstention (Dr. Kociba). Dr. Hooper moved that the conclusio~i for male rats be 
changed to clear evidence of carcinogenicity. Dr. Perera seconded the motion, and it was defeated by 
six negative votes (Dr. Jones, Dr. Kotelchuck, Dr. Purchase, Dr. Swenberg, Dr. Tannenbaum, and Dr. 
Turnbull) with four affirmative votes (Dr. Crowley, Dr. Hooper, Dr. Mirer, and Dr. Perera) and one 
abstention (Dr. Kociba). Dr. Hooper then moved that the conclusion for male rats, some evidence of 
carcinogenicity, be accepted as written. The motion was seconded, and it was approved by eight af- 
firmative votes; there were two negative votes (Dr. Crowley and Dr. Mirer) and one abstention (Dr. 
Kociba). 
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I. INTRODUCTION 

Br 0 #+ Br 

Br Br Br Br 
DECABROMODIPHENYL OXIDE 

CAS NO. 1163-19-5 

C12Br100 Molecular weight 960 

Synonyms: Decabromodiphenyl ether; Bis(pentabromopheny1)ether; DBDPO 

Decabromodiphenyl oxide is a completely 
brominated aromatic that is a white to off-white 
powder. This relatively inert chemical has 
found considerable use as a flame retardant be- 
cause of its capacity to release bromine on incin- 
eration. Bromine suppresses combustion by re- 
acting with free radicals. Some chemical and 
physical properties of this compound are listed 
in Table 1. 

Use a n d  Production 

Decabromodiphenyl oxide is used as a flame re- 
tardant primarily in high-impact polystyrene 
but is also used in adhesives, epoxy resins, syn- 
thetic fibers, and plastics such as ABS (acrylo- 
nitrile/butadiene/styrene) polymers and poly- 
ethylene (AIHA, 1981; Webber, 1983). Produc- 
tion figures for decabromodiphenyl oxide are not 
current, but production is estimated to exceed 10 
million pounds per year (Webber, 1983). 

Environmental Occurrence and Human 
Exposure 

No reports of environmental contamination by 
decabromodiphenyl oxide were found. Labora- 
tory studies indicate that this compound does 
not accumulate in fish and that it is degraded by 
ultraviolet light in the wavelength range and 
intensity of sunlight (Norris et al., 1973). 
Human exposure to decabromodiphenyl oxide 
occurs in the course of manufacture and use. 
Surveys have determined employee time- 
weighted average exposures of 1-4 mg/m3 in air 
with excursions up to 42 mg/m3 during short 
tasks. More than 90% of the particles in air were 

smaller than 10 microns in diameter. Based on 
the nuisance nature of this material, the recom- 
mended workplace environmental exposure 
level in air is 5 mg/m3 (8-hour time-weighted 
average for a 40-hour week) (AIHA, 1981). A 
health assessment of workers exposed to deca- 
bromodiphenyl oxide in the course of manufac- 
ture found a higher than normal prevalence of 
primary hypothyroidism and a significant reduc- 
tion of calf sensory and fibula motor velocities 
but no other significant dermatologic or neuro- 
logic effects or other adverse health effects. 
However, the investigators could not be sure if 
the observed effects were due to exposure to 
decabromodiphenyl oxide or prior exposure to 
polybrominated biphenyls that were previously 
manufactured in this plant. Polybrominated bi- 
phenyls persisted in the serum of exposed em- 
ployees, whereas decabromodiphenyl oxide was 
not detected (Bahn et al., 1980). Adverse effects 
have not been reported as a result of decabromo- 
diphenyl oxide use, but no studies have been 
conducted to determine the effects of dermal or 
oral absorption of the chemical from treated 
cloth (Ulsamer et al., 1980). Repeated applica- 
tion of decabromodiphenyl oxide in petrolatum 
to human skin three times per week for 3 weeks 
did not produce any adverse effect (Norris et al., 
1973,1975a). 

Absorption, Distribution, a n d  Metabolism 

Studies with 14C-labeled decabromodiphenyl 
oxide administered orally to Sprague-Dawley 
rats indicate that more than 99% of the adminis- 
tered label was excreted in feces within 2 days 
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TABLE 1. PROPERTIES OF DECABROMODIPHENYL OXIDE (a) 

Melting range 
Decomposition point 
Specific gravity 
Vapor pressure 
Solubility a t  25" C 

290"-306" C 
425' C 
3.0 
5 mm Hg a t  306" C 
Water: 20-30 ppb 
Cottonseed oil: 600 ppm 
Acetone: 500 ppm 
Chlorobenzene: 6,000 ppm 
o-Xylene: 8,700 ppm 

Technical product composition: Decabromodiphenyl oxide, 77.4% 
Nonabromodiphenyl oxide, 21.8% 
Octabromodiphenyl oxide, 0.8% 

(a) Norris e t  al., 1973; Kociba et al., 1975; AIHA, 1981 

following administration (Norris et al., 1973, 
1975a). An analysis of bromine in tissues follow- 
ing long-term exposure in diets that provided 0.1 
mg/kg per day to rats indicated a slight increase 
in bromine content in liver and adipose tissue at  
90 days but no significant increase following 12 
months of exposure (Norris et al., 1975a). A sig- 
nificant increase in the bromine content of adi- 
pose, but no other tissues, was observed follow- 
ing a similar dose of decabromodiphenyl oxide 
for 2 years but not at lower doses (Kociba et al., 
1975). There was no indication as to whether 
the failure of decabromodiphenyl oxide to ac- 
cumulate in tissues was due to lack of absorption 
from the gastrointestinal tract or rapid me- 
tabolism and clearance. 

Effects on Animals 

Decabromodiphenyl oxide has low acute toxicity 
(Norris et al., l973,1975a,b; Kociba et al., 1975). 
Oral administration of doses up to 2,000 mg/kg 
as a 10% suspension in corn oil failed to produce 
any signs of toxicity in rats either directly after 
dosing or during a 14-day observation period. 
This chemical is not a dermal irritant to rats or 
rabbits and is only mildly irritating when placed 
in the eyes of rabbits. Repeated oral doses of up 
to 800 mg/kg per day produced no overt indica- 
tion of toxicity during a 30-day study. Gross 
pathologic changes observed following repeated 
dosing were limited to dose-related liver en- 
largement. Histopathologic examination of 
organs and tissues from animals in the repeated- 
dose studies revealed lesions in the liver, kidney, 

and thyroid gland. Lesions observed were cen- 
trilobular cytoplasmic enlargement and vacuo- 
lation in liver, hyaline degenerative changes in 
the kidney, and hyperplasia of the thyroid gland. 
It was speculated that thyroid gland hyperplasia 
could have resulted from competition between 
bromine and iodine in the th.yroid gland, but no 
evidence of this effect was pnesented. A dose of 8 
mg/kg per day was established as a no-effect 
level and 80 mg/kg per day as a marginal-effect 
level (Norris et al., 1973:t. Carlson (1980) 
studied a series of diphenyl oxides for their ca- 
pacity to induce hepatic enzymes and reported 
that decabromodiphenyl oxide increased liver 
weight but had no significant effect on hepatic 
enzymes. The same study ireported penta- and 
octabromodiphenyl oxides to be potent inducers 
of hepatic enzymes. In a separate study of the 
porphyrinogenic action of fire retardants, deca- 
bromodiphenyl oxide was found to be nonpor- 
phyrinogenic in Japanese quail or chick embryo 
liver cells (Koster et al., 1980). 

Teratogenicity and Reproductive Effects 

Daily intubation of pregnant female rats on ges- 
tation days 6-15 with 0, 10, 100, or 1,000 mg 
decabromodiphenyl oxidelkg, suspended in corn 
oil, caused no teratogenic reisponse (Norris et al., 
1973, 1975a). Some fetal toxicity was observed 
i n  these studies in the form of subcutaneous 
edema and delayed ossification of normally 
developed bones of the fetal skull. These effects 
were observed a t  the high dose only. 
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I. INTRODUCTION 

Mutagenicity 

Published information regarding decabromo- 
diphenyl oxide mutagenicity is limited to a 
report that it does not cause cytogenetic aber- 
rations in rat  bone marrow cells (Norris et al., 
1975a) and an  unconfirmed report that it is not 
mutagenic in Salmonella (Ulsamer et al., 1980). 
NTP studies of decabromodiphenyl oxide 
mutagenicity indicate that it was not mutagenic 
in Salmonella typhimurium strains TA1535, 
TA1537, TA98, or TA100 in the presence or 
absence of Aroclor 1254-induced male Sprague- 
Dawley rat or male Syrian hamster liver S9 
when tested according to the preincubation pro- 
tocol (Appendix G). It was also not mutagenic in 
the mouse lymphoma L5178Y/TKf’- assay in 
the presence or absence of Aroclor 1254-induced 
male F344 rat  liver S9. Tests for cytogenetic 
effects in Chinese hamster ovary cells indicated 
that this chemical does not cause chromosomal 
aberrations or sister-chromatid exchanges 
either in the presence or asence of S9 prepared 
from livers of Aroclor 1254-induced male 
Sprague-Dawley rats. 

Carcinogenicity 

A 2-year study of decabromodiphenyl oxide for 
chronic toxicity and carcinogenicity to male and 
female Sprague-Dawley rats (25 males and 25 
females per dose) maintained on diets providing 
0, 0.01, 0.1, or 1.0 mg/kg per day indicated no 
discernible alteration in appearance, behavior, 
body weight, feed consumption, hematologic 
analyses, urinalysis, clinical chemistry, organ 
weights, survival, or tumor incidence (Kociba et 
al., 1975). However, the doses and number of 
animals used in this study have been questioned 
as to their adequacy to determine carcinogenic 
potential (Ulsamer et al., 1980). 

Study Rationale 

Decabromodiphenyl oxide w8as chosen for study 
by the NTP as part of a class study of flame re- 
tardants. Since the low volatility and solubility 
of decabromodiphenyl oxide precluded inhala- 
tion, gavage, or drinking water exposure, the 
chemical was given in feed for systemic ex- 
posure. 
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II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
DECABROMODIPHENYL OXIDE 

Decabromodiphenyl oxide was obtained in four 
lots from Dow Chemical USA (Table 2). Purity 
and identity determinations were conducted on 
all lots (Appendix H). All four lots of the study 
material were identified as decabromodiphenyl 
oxide by infrared and ultraviolet/ visible spec- 
troscopy. All spectra were consistent with the 
structure of decabromodiphenyl oxide. The puri- 
ty of all lots of study material was determined by 
elemental analysis, thin-layer chromatography, 
and high-performance liquid chromatography. 

Results of elemental analyses of lot no. 08287-2 
for carbon and bromine agreed with the theoreti- 
cal values. This lot contained 0.04% water. 
Only a single spot was detected by thin-layer 
chromatography. Two incompletely resolved im- 
purities with a combined area of 1.3% that of the 
major peak were detected by high-performance 
liquid chromatography. Cumulative data indi- 
cated that this lot was 99% pure. 

Results of elemental analyses of lot no. D12478 
for bromine agreed with the theoretical value; 
that for carbon was slightly low. This lot 
contained less than 0.05% water. Only a single 
spot was detected by thin-layer chromatog- 
raphy. Two impurities with a combined area 
of 2.8% that of the major peak were detected 
by high-performance liquid chromatography. 

Cumulative data indicated that this lot was 
approximately 97% pure. 

Results of elemental analyses of lot no. 
MM04080-1 were low for both carbon and bro- 
mine. A trace impurity spot was detected by 
thin-layer chromatography. Four impurities 
with a combined area of 4.5% that of the major 
peak were detected by high-performance liquid 
chromatography. Cumulative data indicated 
that this lot was approximately 96% pure. 

Results of elemental analyses of lot no. 
MM811102-3-1 for carbon and bromine agreed 
with the theoretical values. This lot contained 
0.01% water. A minor impurity spot was de- 
tected by thin-layer chromatography. The ini- 
tial high-performance liquid chromatographic 
analysis indicated three impurities with a com- 
bined area of 2.7% that of the major peak. A sub- 
sequent analysis performed by the analytical 
chemistry laboratory indicated the presence of 
three impurities with relative areas of 0.3%, 
3.7%, and 1.7% that of the major peak. The two 
larger impurities were ident,ifed as  unspecified 
isomers of nonabromodiphenyl oxide by mass 
spectroscopy. Cumulative (data indicated that 
this lot was 94%-97% pure. 

Decabromodiphenyl oxide WZIS stable for 2 weeks 
at  60" C (Appendix H). Decabromodiphenyl 
oxide was stored frozen. Periodic characteriza- 
tion of decabromodiphenyl oxide by infrared 
spectroscopy and thin-layer or high-performance 
liquid chromatography detected no appreciable 
deterioration over the course of the studies. 

TABLE 2. IDENTITY AND SOURCE OF LOTS USED IN THE FEED STUDIES OF 
DECABROMODIPHENYL OXIDE 

Fourteen-Day Studies Thirteen-Week Studies Two-year Studies 

Lot Numbers 08287-2 08287-2, D12478 MM04080-1, MM81 102-3-1 

Date of Initial Use 10/17/78 
of Each Lot 

2/27/79,3/13/79 7/24/80,3/25/8 2 

Supplier Dow Chemical USA 
(Midland, MI) 

Same as 14-d studies Same as 14-d studies 
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II. MATERIALS AND METHODS 

PREPARATION AND 
CHARACTERIZATION OF 
FORMULATED DIETS 

Formulated diet mixtures were shown to be 
homogeneous (Appendix I). Decabromodiphenyl 
oxide was stable in feed when stored for 2 weeks 
at 25" C. Formulated diets were prepared by 
adding a dry premix (approximately equal 
amounts of feed and decabromodiphenyl oxide) 
to the feed (Table 3). The mixture then was 
blended for 15 mhutes .  In the 13-week studies, 

the formulated diets were stored frozen for no 
more than 1.5 weeks. In the 2-year studies, the 
formulated diets were stored a t  14" C for no 
longer than 7 days. 

Mixtures of decabromodiphenyl oxide in feed 
were analyzed to confirm that correct concentra- 
tions were prepared for administration to the 
animals (Appendix J). The study laboratory's 
periodic analysis during the 2-year studies indi- 
cated that 27/28 samples (96%) were within k 
10% of the target concentration (Table 4; Appen- 
dix K). 

TABLE 3. PREPARATION AND STORAGE O F  FORMULATED DIETS IN THE FEED STUDIES OF 
DECABROMODIPHENYL OXIDE 

Fourteen-Day Studies Thirteen-Week Studies Two-year Studies 

Preparation 

Maximum Storage 
Time 

Storage Conditions 

Decabromodiphenyl Appropiate amount of 
oxide mixed directly 
into feed and blended 
in a 5-kg Hobart mixer 
for approximately 15 min 

decabromodiphenyl oxide and 
half of the feed premixed in 
Hobart mixing bowl for 5 
min. The premix and 5 kg 
feed mixed for 12 
min in a Patterson-Kelly" 
V-blender. 

Decabromodiphenyl oxide was 
weighed and mixed with a small 
amount of feed for 2 min. Premix 
was transferred to a Hobart 
mixer with 5 kg of NIH 07 Rat 
and Mouse Ration and mixed for 
1 minkg of feed. This mixture 
was transferred to a Patterson- 
Kelly@ twin-shell blender 
with the required amount 
of feed and mixed for 1 minkg 
feed. 

1.5 wk 1.5 wk 1 wk 

Room temperature Room temperature; 6 kg 14°C 
frozen, then thawed before 
use 

TABLE 4. SUMMARY OF RESULTS OF ANALYSIS O F  FORMULATED DIETS IN THE TWO-YEAR FEED 
STUDIES OF DECABROMODIPHENYL OXIDE 

Target Concentration 
25,000 ppm 50,000 ppm 

Experimental mean, 24,148 
Standard deviation 1,403 
Coefficent of variation (percent) 5.8 
Range 22,270-26,450 
Number of samples 14 

49,207 
2,206 

4.5 
46,050-53,600 

14 
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II. MATERIALS AND METHODS 

FOURTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and held for approximately 3 weeks 
before the studies began. Groups of five males 
and five females were fed diets containing 0, 
5,000, 10,000, 20,000, 50,000, or 100,000 ppm 
decabromodiphenyl oxide for 14 days. Rats and 
mice were observed daily and were weighed on 
days 1,7,  and 14. A necropsy was performed on 
all animals. Details of animal maintenance are 
presented in Table 5. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to 
evaluate the cumulative toxic effects of repeated 
administration of decabromodiphenyl oxide and 
to determine the concentrations to be used in the 
2-year studies. 

Four-week-old male and female F344/N rats and 
5-week-old B6C3F1 mice were obtained from 
Charles River Breeding Laboratories, observed 
for 4 weeks, and then assigned to cages accord- 
ing to a table of random numbers. The cages 
were then assigned to dosed and control groups 
according to another set of random numbers. 
Diets containing 0, 3,100, 6,200, 12,500, 25,000, 
or 50,000 ppm decabromodiphenyl oxide were 
fed to groups of 10 rats and 10 mice of each sex. 
Animals were housed five per cage. Formulated 
or control diets and water were available ad 
libitum. 

Animals were checked twice daily; moribund 
animals were killed. Feed consumption was 
measured weekly by cage. Animal weights were 
recorded weekly. At the end of the 13-week 
studies, survivors were killed. A necropsy was 
performed on all animals except those ex- 
cessively autolyzed or cannibalized. Tissues and 
groups examined are listed in Table 5. 

TWO-YEAR STUDIES 

Study Design 

Diets containing 0, 25,000, or 50,000 ppm 

decabromodiphenyl oxide were fed to groups of 
50 male and 50 female rats and 50 male and 50 
female mice for 103 weeks. 

Source and Specificati0n.s of Animals 

The male and female F344LN rats and B6C3F1 
(C57BL/6N, female, X C3H/HeN, MTV-, male) 
mice used in this study were produced under 
strict barrier conditions at Charles River Breed- 
ing Laboratories under a contract to the Car- 
cinogenesis Program. Breeding stock for the 
foundation colonies a t  the production facility 
originated a t  the National Institutes of Health 
Repository. Animals shipped for study were 
progeny of defined microfl ora-associated parents 
that were transferred from isolators to barrier- 
maintained rooms. Animals were shipped to the 
study laboratory at 5-6 weeks of age. The ani- 
mals were quarantined at the study laboratory 
for 14 days (rats) or 16 days (mice). Thereafter, a 
complete necropsy was performed on five ani- 
mals of each sex and species to assess their 
health status. The rats were 7-8 weeks old and 
the mice were 9 weeks old when placed on study. 
The health of the animals was monitored during 
the course of the study according to the protocols 
of the NTP Sentinel Animal Program (Appen- 
dix L). 

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

The C57BL/6 mice were homogeneous a t  all loci 
tested. Eighty-five percent of the C3H mice 
monitored were variant a t  one to three loci, indi- 
cating some heterogeneity in the C3H line from 
this supplier. Nevertheless, the genome of this 
line is more homogeneous than that of randomly 
bred stocks. 
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES O F  
DECABROMODIPHENYL OXIDE 

Fourteen-Day Studies Thirteen- Week Studies Two-year Studies 

EXPERIMENTAL DESIGN 

Size of Study Groups 

Doses 

Data of First Dose 

Date of Last Dose 

Duration of Dosing 

Type and Frequency 
of Observation 

Necropsy and 
Histologic 
Examination 

5 males and 5 females of 
each species 

0,5,000,10,000, 
20,000,50,000, or 
100,000 ppm 
decabromodiphenyl 
oxide in the diet 

Rats--10/17/78; 
mice- 1011 8/78 

Rats-- 10/31/78; 
mice--11/1/78 

14 consecutive days 

Weighed on d 1,7, and 
14; observed daily 

Necropsy performed 
on all animals; tissues 
examined: gross lesions, 
skin, mandibular lymph 
nodes, mammary glands, 
salivary glands, thigh 
muscle, sciatic nerve, 
sternebrae, femur, or verte- 
brae including marrow, 
costochondral junction (rib), 
thymus, larynx, trachea, 
lungs and bronchi, heart, 
thyroid gland, parathyroids, 
esophagus, stomach, duo- 
denum, jejunum, tissue 
masses, ileum, colon, cecum, 
rectum, mesenteric lymph 
nodes, liver, gallbladder 
(mice), pancreas, spleen, 
kidneys, adrenal glands, 
urinary bladder, seminal 
vesicledprostate/testes or 
ovarieduterus, nasal 
cavity, brain, pituitary 
gland, spinal cord, and eyes 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 

Animal Source Charles River Breeding 

F344/N rats, B6C3F1 mice 

Laboratories (Portage, MI) 

10 males and 10 females of 
each species 

0,3,100,6,200,12,500, 
25,000, or 60,000 ppm 
decabrornodiphenyl oxide in 
the diet 

2/27/79 

5/29/79 

13 wk 

50 males and 50 females of 
each species 

0,25,000, or 50,000 ppm 
decabromodiphenyl oxide in the 
diet 

Not available 

103 wk 

Observed 2 X d; body weighta, Observed 2 X d; weighed 
feed consumption. clinical 
signs, and behavior recorded 
1 x w k  

Necropsy performed on all 
animals; the following 
tissues examined 
histologically for 
control and high dose 
groups: gross lesions and 
tissue masses, mandibular 
or mesenteric lymph 
nodes, salivary gland, 
sternebrae, femur, or 
vertebrae including 
marrow, thyroid 
gland, parathyroids, small 
intestine, colon, liver, 
gallbladder (mice), 
prostate/testes or ovaried 
uterus, lung and mainstem 
bronchi, heart, esophagus, 
stomach, brain, thymus, 
trachea, pancreas, spleen, 
kidneys, adrenal glands, 
urinary bladder, pituitary 
gland, spinal cord (if 
neurologic signs present), 
eyes (if grossly abnormal), 
and mammary gland 

Same as  14-d studies 

Same as 14-d studies 

25 

initially, 1 X wkfor 12 wk, 
monthly thereafter until 
wk 100 or 101, then every 2 wk 

Necropsy and histologic 
examination performed on all 
animals; the following tissues 
were examined: gross lesions, 
skin, mandibular lymph nodes, 
mammary glands, salivary 
glands, sternum (including 
bone marrow), thymus, 
trachea, lungs and bronchi, 
heart, thyroid gland, 
parathyroids, esophagus, 
stomach, pancreas, gallbladder 
(mice), small intestine, colon, 
mesenteric lymph nodes, liver, 
spleen, kidneys, adrenal glands, 
urinary bladder, prostatekestes 
or ovarieduterus, brain, 
pituitary gland, tissue masses, 
and regional lymph nodes 

Same as  14-d studies 

Rate--Charles River Breeding 
Laboratories (Stone Ridge, NY); 
mice--Charles River Breeding 
Laboratories (Portage, MI) 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES OF 
DECABROMODIPHENYL OXIDE (Continued) 

Fourteen-Day Studies Thirteen-Week Studies Two-year Studies 

ANIMALS AND ANIMAL MAINTENANCE 

Study Laboratory Hazleton Laboratories 
America 

Ear clipping 

Hazleton Laboratories 
America 

Ear tags 

Hazleton Laboratories America 

Method of Animal 
Identification 

Time Held Before 
Study 

on Study 
Age When Placed 

Age When Killed 

Ear tags 

Rats--14d; mice--16 d 3 wk 4 wk 

Rats-7 wk; mice--6 wk Rats--8 wk; mice-9 wk Rats--7-8 wk; mice-9 wk 

Rats--9 wk; m i c e 4  wk Rats--22 wk; m i c e 4 3  wk Rats--ll1-112 wk; 
mice-112-113 wk 

Rats--9122/02-9124/82~ 
mice--7/26/82-812/82 

Randomized to groups by weight 
class and then to dose groups 

Necropsy Dates Rats- 1013 1/78; 
mice--11/1/78 

Assigned to groups such 
&at cage weights were 
approximately equal 

Purina Rodent Laboratory 
Chow-5001 (Ralston Purina 
Co., St. Louis, MO) 

Heat-treated hardwood 
chips (Sani-chips, P.J. 
Murphy Forest Products, 
Monachie, NJ) 

Automatic watering system 
(Hazleton Systems, Aberdeen, 
MD); available ad libitum 

Polycarbonate (Hazleton 
Systems, Inc., Aberdeen, MD) 

Remay filter sheets 
(Dupont Co., 
Wilmington, DE) 

5 

RatS--5/31/79-6/1/79; 
mice--5/29R9-5130/79 

According to tables of 
random numbers 

Method of Animal 
Distribution 

Same as 14-d studies NIH 07 Rat and Mouse Ration 
(Zeigler Bros., Gardners, PA); 
available ad libitum 

Feed 

Bedding Same as 14-d studies Same as 14-d studies 

Water Same as  14-d studies Same as 14-d studies 

Cages Polycarbonate (Hazleton 
Systems, Inc., Aberdeen, MD) 

Same as  14-d studies 

Same as 13-wk studies 

Nonwoven fiber filters 
(National Paper Co., 
Baltimore, MD) 

Rats and female mice-5; 
male mice-5 until month 8; 
then 1 for intermittent periods; 
1 after 15 months 

None 

Cage Filters 

Animals per Cage 5 

Other Chemicals 
on Study in the 
Same Room 

Environment 
Animal Room 

None None 

Temp-72" k 2" F; 
humidity--45% f 5%; 
10-15 room air changesh; 
light 12 hid 

Temp-70' k 1' F; 
humidity-45% k 5%; 
light 12 hid 

Temp--68"-80° F; 
humidity--15%-90%; 
fluorescent light 12 hid; 
10-12 room air changesh 
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rr. MATERIALS AND METHODS 

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

Animal Maintenance 

All animals were initially housed five per cage; 
after the 7th month of the study, male mice were 
housed individually for varying periods. After 15 
months, all male mice were housed individually. 
Feed and water were available ad libitum. 
Further details of animal maintenance are given 
in Table 5. 

Clinical Examinations and Pathology 

All animals were observed twice daily, and 
clinical signs were recorded once per week. Body 
weights by cage were recorded once per week for 
the first 12 weeks of the study and once per 
month thereafter. Mean body weights were cal- 
culated for each group. Moribund animals were 
killed, as were animals that survived to the end 
of the study. A necropsy was performed on all 
animals, including those found dead unless they 
were excessively autolyzed or cannibalized. 
Thus, the number of animals from which par- 
ticular organs or tissues were examined micro- 
scopically varies and is not necessarily equal to 
the number of animals that were placed on study 
in each group. 

Examinations for grossly visible lesions were 
performed on major tissues or organs. Tissues 
were preserved in 10% neutral buffered forma- 
lin, embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin. Tissues examined 
microscopically are listed in Table 5.  

When the pathology examination was com- 
pleted, the slides, individual animal data 
records, and summary tables were sent to an in- 
dependent quality assurance laboratory. Indi- 
vidual animal records and tables were compared 
for accuracy, slides and tissue counts were veri- 
fied, and histotechnique was evaluated. All 
tumor diagnoses, all target tissues, and all 

tissues from a randomly selected 10% of the 
animals were evaluated by a quality assurance 
pathologist. Slides of all target tissues and those 
about which the original and quality assurance 
pathologists disagreed were submitted to the 
Chairperson of the Pathology Working Group 
(PWG) for evaluation. Representative coded 
slides selected by the Chairperson were re- 
viewed by PWG pathologists, who reached a 
consensus and compared their findings with the 
original and quality assurance diagnoses. When 
diagnostic differences were found, the PWG sent 
the appropriate slides and comments to the 
original pathologist for review. This procedure 
has been described, in part, by Maronpot and 
Boorman (1982) and Boorman et al. (1985). The 
final diagnoses represent a consensus of con- 
tractor pathologists and the NTP Pathology 
Working Group. For subsequent evaluations, 
the diagnosed lesions for each tissue type are 
combined according to the guidelines of 
McConnell et al. (1986). 

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

Statis tical Methods 

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

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses a t  the time they were found 
dead of other than natural causes or were found 
to be missing; animals dying from natural 
causes were not censored. Statistical analyses 
for a possible dose-related effect on survival used 
the method of Cox (1972) for testing two groups 
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II. MATERIALS AND METHODS 

for equality and Tarone’s (1975) life table test for 
a dose-related trend. All reported P values for 
the survival analysis are two-sided. 

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

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

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

Life Table Analyses--The first method of analy- 
sis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
study were “fatal”; i.e., they either directly or in- 
directly caused the death of the animal. Accord- 
ing to this approach, the proportions of tumor- 
bearing animals in the dosed and control groups 
were compared a t  each point in time at  which an  
animal died with a tumor of interest. The 
denominators of these proportions were the total 
number of animals a t  risk in each group. These 
results, including the data from animals killed 
at  the end of the study, were then combined by 

the Mantel-Haenszel method to obtain an over- 
all P value, This method of adjusting for inter- 
current mortality is the life table method of Cox 
(1972) and of Tarone (1975). The underlying 
variable considered by this analysis is time to 
death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
aproximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

Incidental Tumor Analyses-The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the study were “incidental”; i.e., they 
were merely observed a t  necropsy in animals dy- 
ing of an unrelated cause. According to this ap- 
proach , the proportions of tumor-bearing ani- 
mals in dosed and control groups were compared 
in each of five time intervals: weeks 0-52, weeks 
53-78, weeks 79-92, week 93 to the week before 
the terminal-kill period, arid the terminal-kill 
period. The denominators of these proportions 
were the number of animals actually examined 
for tumors during the time interval. The in- 
dividual time interval comparisons were then 
combined by the previously described method to 
obtain a single overall result. (See Haseman, 
1984, for the computational details of both 
methods. 1 

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

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

RATS 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Survival 
Pathology and Statistical Analyses of Results 

MICE 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Survival 
Pathology and Statistical Analyses of Results 
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III. RESULTS: RATS 

FOURTEEN-DAY STUDIES 

All rats lived to the end of the studies (Table 6). 
Final mean body weights were not adversely af- 
fected by decabromodiphenyl oxide. No com- 
pound-related clinical signs or gross pathologic 
effects were observed. 

THIRTEEN-WEEK STUDIES 

All the rats survived to the end of the studies 
(Table 7). The final mean body weights were not 

adversely affected by decabromodiphenyl oxide. 
Feed consumption by dosed rats was generally 
comparable to that by the controls. No com- 
pound-related gross or microscopic pathologic 
effects were observed. 

Dose Selection Rationale: Doses selected for rats 
for the 2-year studies were 25,000 and 50,000 
ppm decabromodiphenyl oxide in feed. These 
concentrations are the highest recommended for 
use in NTP feed studies. 

TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY FEED 
STUDIES OF DECABROMODIPHENYL OXIDE 

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

(ppm) (percent) 

MALE 

0 515 162 225 + 63 
5,000 515 157 224 + 67 

10,000 515 161 227 + 66 
20,000 515 163 227 + 64 
50,000 515 164 230 + 66 

100,000 515 162 224 + 62 

FEMALE 

0 515 111 141 + 30 
5,000 515 114 146 + 32 

10,000 515 115 149 + 34 
20,000 515 117 145 + 28 
50,000 515 114 149 + 35 

100,000 515 116 142 + 26 

_- 
99.6 

100.9 
100.9 
102.2 
99.6 

-_ 
103.5 
105.7 
102.8 
105.7 
100.7 

~~ ~~ ~ 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight 
(c) Mean body weight change of the group 
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TABLE 7. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE 
THIRTEEN-WEEK FEED STUDIES OF DECABROMODIPHENYL OXIDE 

Mean Body Weights (grams) Final Weight Feed 
Concentration Survival (a) Initial (b) Final Change (c) Relative to Consumption (d) 

(Ppm) Controls (percent) Week 4 Week 13 

MALE 

0 
3,100 
6,300 
12,500 
25,000 
50,000 

FEMALE 

0 
3,100 
6,300 
12,500 
25,000 
50,000 

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

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

215 f 8 
216 f 4 
229 f 5 
214 f 7 
212 f 6 
224 f 5 

149 f 3 
151 f 3 
147 f 2 
150 f 3 
150 f 2 
151 f 3 

369 k 6 
367 k 10 
381 f 8 
362 f 8 
374 f 10 
363 f 18 

211 f 5 
213 k 3 
203 k 4 
212 k 3 
208 f 3 
204 f 4 

+154f 8 
+I51 f 12 
+152f 7 
+I48 f 7 
+162 f 7 
+139 f 16 

+62+ 2 
+62f 3 
+56f 3 
+62f 3 
+58f 1 
+ 5 3 f  3 

_ _  
99 
103 
98 
101 
98 

_ _  
101 
96 
100 
99 
97 

23 24 
23 25 
23 24 
22 23 
22 25 
24 30 

22 16 
19 15 
21 17 
22 16 
20 18 
20 14 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight f standard error of the mean 
(c) Mean body weight change f standard error of the mean 
(d) Grams of feed consumed per day per animal. Not corrected for scatter, 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs the controls for males and 104% and 109% for 
females (Appendix M, Tables M l  and M2). The 

Mean body weights of dosed and control rats average amount of decabromodiphenyl oxide 
were comparable throughout most of the studies consumed per day was estimated to be 1,120 
(Table 8 and Figure 1). The average daily feed mg/kg and 2,240 mg/kg for low dose and high 
consumption per rat  by low dose and high dose dose male rats and 1,200 mg/kg and 2,550 mg/kg 
rats was estimated to be 109% and 108% that of for low dose and high dose female rats. 
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TABLE 8. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES OF 
DECABROMODIPHENYL OXIDE 

Weeks Control 25.000 DDm 50.000 m m  
on Study Av. Wt. No. of Av. Wt. Wt. (percent No. of Av. Wt. Wt. (percent No. of 

(grams) Survivors (grama) of control) Survivors (grams) of controls) Survivor8 

MALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
17 
21 
25 
29 
33 
37 
41 
45 
49 
53 
57 
61 
65 
69 
73 
77 
81 
85 
89 
93 
97 

101 
103 
104 

FEMALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
17 
21 
25 
29 
33 
37 
41 
45 
49 
53 
57 
61 
65 
69 
73 
77 
81 
85 
89 
93 
97 

101 
103 
104 

171 
208 
236 
259 
276 
291 
305 
317 
329 
339 
347 
354 
361 
389 
412 
424 
43 1 
438 
447 
435 
447 
444 
452 
449 
452 
456 
449 
452 
449 
449 
445 
436 
423 
413 
413 
404 
402 

127 
139 
150 
159 
168 
173 
179 
185 
191 
195 
199 
202 
204 
217 
223 
228 
233 
238 
244 
246 
252 
256 
269 
278 
288 
299 
307 
315 
327 
331 
337 
341 
338 
338 
333 
329 
333 

50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
46 
46 
45 
45 
41 
37 
36 
35 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
47 
47 
46 
43 
4 1  
4 1  
40 

173 
209 
236 
260 
281 
295 
308 
320 
331 
344 
352 
359 
372 
400 
416 
431 
440 
450 
447 
438 
449 
443 
456 
451 
453 
449 
440 
449 
449 
442 
440 
436 
4.30 
412 
400 
396 
397 

127 
139 
151 
159 
169 
174 
182 
186 
191 
196 
198 
199 
205 
214 
219 
227 
229 
234 
240 
240 
251 
255 
268 
276 
286 
297 
303 
315 
324 
327 
332 
335 
334 
330 
328 
334 
336 

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

100 
98 
99 

100 
102 
100 
97 
98 
99 

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

100 
99 
98 

100 
98 
98 
98 
98 

100 
100 
100 
99 
99 
99 
99 

100 
99 
99 
99 
98 
99 
98 
98 

102 
101 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
46 
44 
41 
38 
36 
34 
33 
27 
24 
23 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
48 
47 
47 
46 
46 
44 
42 
39 
35 
33 
33 

172 
207 
238 
259 
279 
294 
307 
317 
328 
339 
348 
353 
361 
392 
413 
422 
429 
44 1 
438 
426 
44 1 
441 
448 
444 
445 
452 
443 
448 
451 
441 
434 
429 
419 
408 
395 
395 
389 

126 
138 
150 
157 
167 
173 
177 
184 
188 
192 
196 
198 
203 
209 
217 
223 
227 
234 
239 
240 
247 
254 
268 
272 
283 
294 
297 
309 
314 
324 
327 
329 
322 
319 
318 
322 
320 

101 
100 
101 
100 
101 
101 
101 
100 
100 
100 
100 
100 
100 
101 
100 
100 
100 
101 
98 
98 
99 
99 
99 
99 
98 
99 
99 
99 

100 
98 
98 
98 
99 
99 
96 
98 
97 

99 
99 

100 
99 
99 

100 
99 
99 
98 
98 
99 
98 

100 
96 
97 
98 
97 
98 
98 
98 
98 
99 

100 

98 
98 
97 
98 
96 
98 
97 
96 
95 
94 
95 
98 
96 

98 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
48 
47 
47 
46 
42 
39 
32 
30 
26 
25 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
46 
45 
45 
43 
43 
39 
35 
34 
34 
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FIGURE 1. GROWTH CURVES FOR RATS FED DIETS CONTAINING 
DECABROMODIPHENYL OXIDE FOR TWO YEARS 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats fed diets containing deca- 
bromodiphenyl oxide a t  the concentrations used 
in these studies and for the controls are shown in 
the Kaplan and Meier curves in Figure 2. The 
survival of the low dose group of male rats was 
significantly lower than that of the controls after 
week 102 (Table 9). No other significant dif- 
ferences in survival were observed between any 
groups of either sex. 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of rats with 

neoplastic or nonneoplastic lesions of the liver, 
hematopoietic system, spleen, mandibular 
lymph node, pancreas, eye, stomach, Zymbal 
gland, musculoskeletal system, and thyroid 
gland. Histopathologic findings on neoplasms in 
rats are summarized in Appendix A (Tables A l  
and A2); Appendix A (Tables A3 and A4) also 
gives the survival and tumor status for indiv- 
idual male and female rats. Findings on nonneo- 
plastic lesions are summarized in Appendix C 
(Tables C l  and C2). Appendix E (Tables E l  and 
E2) contains the statistical analyses of those pri- 
mary tumors that occurred with an  incidence of 
a t  least 5% in one of the three groups. The sta- 
tistical analyses used are discussed in Chapter II 
(Statistical Methods) and Appendix E (foot- 
notes). Historical incidences of tumors in control 
animals are listed in Appendix F. 

TABLE 9. SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES OF DECABROMODIPHENYL 
OXIDE 

Control 25,000 ppm 50,000 ppm 

MALE (a) 

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

FEMALE (a) 

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

50 
15 
35 
0 
0.095 

50 
10 
40 
0.196 

50 
26 
23 

1 
0.033 

50 
17 
33 
0.163 

50 
24 
24 

2 
0.093 

50 
16 
34 

0.217 

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

Liver: Thrombosis and degeneration were ob- 
served at increased incidences in high dose male 
rats (Table 10). The thrombosis was character- 
ized by a near total occlusion of a major hepatic 
blood vessel by a dense fibrin coagulum. Peri- 
pheral infiltration of fibroblastic cells into the 
thrombus was evidence of antemortem oc- 
currence. Neoplastic nodules in males and fe- 
males occurred with significant positive trends 
(Table 11). The incidences of neoplastic nodules 
in dosed males and high dose females were 

significantly greater than those in the controls. 
Microscopically, the neoplastic nodules were 
generally spherical and occupied a n  area greater 
than one liver lobule. Demarcation from sur- 
rounding hepatic parenchyma was due either to 
compression of peripheral normal liver or by a 
discontinuity between the plates of the nodule 
and those of adjacent unaffected liver. Hepato- 
cytes within the neoplastic nodules had varia- 
tions in size, tinctorial characteristics, cyto- 
plasmic vacuolization, and nuclear atypia. 

TABLE 10. NUMBER OF RATS WITH LIVER LESIONS IN THE TWO-YEAR FEED STUDIES OF 
DECABROMODIPHENYL OXIDE 

Male Female 
Lesion Control 25,000 ppm 50,000 ppm Control 25,000 ppm 50,000 ppm 

Number of 
animals examined 50 50 49 50 49 50 

Degeneration 13 19 22 0 0 0 
Pigmentation 4 4 10 16 8 6 
Fatty metamorphosis 8 13 11 9 5 4 
Thrombosis 1 0 9 0 0 0 
Neoplastic nodule 1 7 15 1 3 9 
Hepatocellular carcinoma 1 1 1 0 2 0 
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TABLE 11. ANALYSIS O F  LIVER LESIONS IN RATS IN THE TWO-YEAR FEED STUDIES O F  
DECABROMODIPHENYL OXIDE (a) 

Control 25,000 ppm (b) 50,000 ppm (b) 

MALE 

Neoplastic Nodule 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Hepatocellular Carcinoma 
Overall Rates 

1/50 (2%) 
2.9% 
1/35 (3%) 
104 
P<O.OOl 
P <0.001 

1/50 (2%) 

Neoplastic Nodule or Hepatocellular Carcinoma (c) 
Overall Rates 2/50 (4%) 
Adjusted Rates 5.2% 
Terminal Rates 1/35 (3%) 
Week of First Observation 97 
Life Table Tests P<  0.00 1 
Incidental Tumor Tests P<O.O01 

FEMALE 

Neoplastic Nodule 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Hepatocellular Carcinoma 
Overall Rates 

1/50 (2%) 
2.5% 
1/40 (3%) 
104 
P = 0.002 
P=0.002 

0150 (0%) 

Neoplastic Nodule or Hepatocellular Carcinoma (d) 
Overall Rates 1/50 (2%) 
Adjusted Rates 2.5% 
Terminal Rates 1/40 (3%) 
Week of First Observation 104 
Life Table Tests P=0.003 
Incidental Tumor Tests P = 0.003 

7/50 (14%) 
27.1% 
6/24 (25%) 
89 
P=0.008 
P=0.014 

1/50 (2%) 

8/50 (16%) 
31.1% 
7/24 (29%) 
89 
P =  0.012 
P=O.O22 

3/49 (6%) 
9.1% 
3/33 (9%) 
104 
P=0.239 
P-0,239 

2/49 (4%) 

5/49 (10%) 
15.2% 
5/33 (15%) 
104 
P = 0.064 
P=0.064 

15/49 (31%) 
52.7% 
13/26 (50%) 
87 
P<O.OOl 
P < 0.001 

1/49 (2%) 

15/49 (31%) 
52.7% 
13/26 (50%) 
87 
P<O.OOl 
P<O.OOl 

9/50 (18%) 
24.4% 
7/34 (21%) 
87 
P=0.005 
P=0.006 

0150 (0%) 

9/50 (18%) 
24.4% 
7/34 (21%) 
87 
P=0.005 
P = 0.006 

(a) The statistical analyses used are discussed in Chapter II (statistical methods) and Appendix E (footnotes). 
(b) The estimated dose in milligrams per kilogram body weight is given in Chapter III (body weights and clinical signs) and in 
Appendix M. 
(c) Historical incidence in NTP studies (mean f SD): 73/1,719 (4% f 3%); range: 0/50-7/49 
(d) Historical incidence in NTP studies (mean * SD): 4811,766 (3% f 3%); range: 0150-5/50 
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III. RESULTS: RATS 

Hematopoietic System: Mononuclear cell leu- 
kemia in male rats occurred with a significant 
positive trend by the life table test, and the inci- 
dences in the dosed groups were significantly 
greater than that in the controls by the life table 
test (Table 12). 

Spleen: Fibrosis was observed a t  an increased 
incidence in high dose male rats (control, 5/49; 
low dose, 8/50; high dose, 13/49). Hematopoiesis 
was observed a t  increased incidences in dosed fe- 
male rats (control, 12/49; low dose, 24/48; high 
dose, 17/50). A sarcoma was observed in one low 
dose and one high dose male rat. The historical 
incidence of sarcomas of the spleen in NTP stud- 
ies is 511,705 (0.3%). 

Mandibular Lymph Node: Lymphoid hyper- 
plasia was observed at an  increased incidence in 
high dose male rats (control, 4/50; low dose, 6/50; 
high dose, 13/49). 

Pancreas: Acinar cell adenomas in male rats 
occurred with a significant positive trend, and 
the incidence in the high dose group was signif- 
icantly greater than that of the controls by the 
life table test (Table 13). Acinar cell hyperplasia 
was not diagnosed in any of the male rats. Aci- 
nar cell adenomas were observed in one low dose 
and one high dose female rat. 

The Pathology Working Group (PWG) examined 
in a blind fashion the four acinar cell adenomas 
in the high dose male rats as well as other se- 
lected pancreatic lesions. Using current criteria 
on proliferative exocrine lesions (Boorman and 
Eustis, 19841, the PWG members agreed that 
the four lesions should be classified as one acinar 
cell adenoma, two acinar cell hyperplasias, and 
one mixed cell lesion. The latter lesion is un- 
common in F344/N rats and consists of an 

admixture of islet and acinar cells. The PWG 
also diagnosed one acinar cell hyperplasia in a 
low dose male rat. The original pathologist re- 
viewed the pancreatic lesions with the PWG 
comments and elected to retain his original 
diagnosis. 

Eye: Retinal degeneration was observed at an  
increased incidence in low dose female rats 
(male: control, 5/50, 10%; low dose, 1/50, 2%; 
high dose, 2/50, 4%; female: control, 5/50, 10%; 
low dose, 15/50,30%; high dose, 1/50,2%). 

Stomach: Acanthosis of the forestomach was ob- 
served a t  increased incidence in dosed male rats 
(male: control, 0149; low dose, 2/50, 4%; high 
dose, 5/49, 10%; female: control, 2/49, 4%; low 
dose, 1/48,2%; high dose, 1/50,2%). 

Zymbal Gland: Carcinomas were observed in 
3/50 low dose female rats, 1/50 low dose male 
rats, and 1/50 high dose male rats. The histori- 
cal incidence of Zymbal gland neoplasms in fe- 
male rats is 611,772 (0.3% k 1%) and in male 
rats is 1111,772 (0.6% f 1%). The greatest ob- 
served incidence in a female control group is 
3/50 (6%). 

Musculoskeletal System: Osteosarcomas were 
observed in three low dose males and one control 
female. The historical incidence of osteosar- 
comas in male rat controls in NTP studies is 
811,727 (0.5% f l%), with the greatest incidence 
in any control group being 2/50 (4%). 

Thyroid Gland: C-cell hyperplasia of the thy- 
roid gland was observed a t  decreasing incidence 
in dosed male and female rats (male: control, 
12/50, 24%; low dose, 6/49, 12%; high dose, 
2/49%, 4%; female: control, 14/50,28%; low dose, 
7/49,14%; high dose, 2/50,4%). 
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TABLE 12. ANALYSIS OF MONONUCLEAR CELL LEUKEMIA IN RATS IN THE TWO-YEAR FEED 
STUDIES OF DECABROMODIPHENYL OXIDE 

Control 25,000 ppm 50,000 ppm 

MALE (a) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

FEMALE 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

30/50 (60%) 
67.9% 
21/35 (60%) 
81 
P=0.028 
P= 0.215 

14/50 (28%) 
30.6% 
9/40 (23%) 
74 
P= 0.124 
P=0.295 

33/50 (66%) 
81.9% 
17/24(71%) 
72 
P = 0.029 
P=0.292 

21/50 (42%) 
53.5% 
15/33 (45%) 
95 
P = 0.043 
P=0.102 

35/50 (70%) 
82.8% 
19/26 (73%) 
76 
P= 0.031 
P=0.285 

18/50 (36%) 
42.8% 
11/34 (32%) 
75 
P=0.157 
P=0.362 

(a) Historical incidence of leukemia in NTP studies (mean f SD): 458/1,727 (27% f 9%); range: 5/50-23/50 

TABLE 13. ANALYSIS OF PANCREATIC ACINAR CELL ADENOMAS IN MALE RATS IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (a) 

~~~ ~ 

Control 25,000 ppm 50,000 ppm 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Tests 

0/49 (0%) 0150 (0%) 4/49 (8%) 
0.0% 0.0% 13.7% 
0/35 (0%) or24 (0%) 2/25 (8%) 

P=O.OlO (b) P10.037 
P=0.017 (b) P=0.067 

97 

(a) Historical incidence of acinar cell adenomas or carcinomas in NTP studies (mean k SD): 3/1,677 (0.2% f 0.6%); 
range: Ql88-Ll47 
(b) No P value is reported because no tumors were observed in the 25,000-ppm and control groups. 
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III. RESULTS: MICE 

FOURTEEN-DAY STUDIES 
All animals survived to the end of the studies 
(Table 14). Final mean body weights were not 
adversely affected by exposure to decabromo- 
diphenyl oxide. No compound-related clinical 
signs or gross pathologic effects were observed. 

THIRTEEN-WEEK STUDIES 
No compound-related clinical signs; effects on 

survival, body weight, feed consumption; or 
gross or microscopic pathologic effects were ob- 
served (Table 15). 

Dose Selection Rationale: Doses selected for 
mice for the 2-year studies were 25,000 and 
50,000 ppm decabromodiphenyl oxide in feed. 
These concentrations are the highest recom- 
mended for use in NTP feed studies. 

TABLE 14. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY FEED 
STUDIES OF DECABROMODIPHENYL OXIDE 

Mean Body Weights @rams) Final Weight R8latiVe 

(percent) 
Concentration Survival (a) Initial (b) Final Change (c) to Controls 

(Ppm) 

MALE 

0 
5,000 

10,000 
20,000 
50,000 

100,000 

FEMALE 

0 
5,000 

10,000 
20,000 
50,000 

100,000 

515 
515 
515 
515 
515 
515 

515 
515 
515 
515 
515 
515 

25.7 
26.4 
25.2 
26.2 
25.4 
25.9 

19.9 
19.4 
19.5 
19.6 
19.8 
19.5 

27.4 
29.1 
28.0 
27.5 
28.7 
28.4 

22.0 
22.5 
22.6 
21.9 
22.5 
22.1 

+ 1.7 
+ 2.7 + 2.8 + 1.3 
+ 3.3 
+ 2.5 

+ 2.1 
+ 3.1 
+ 3.0 
+ 2.3 
+ 2.7 
+ 2.6 

.. 
106.2 
102.2 
100.4 
104.7 
103.6 

-_ 
102.3 
102.3 
99.5 

102.3 
100.5 

(a) Number surviving/number initially in group 
(b) Initial group mean body weight 
(c) Mean body weight change 
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TABLE 15. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE 
THIRTEEN-WEEK FEED STUDIES OF DECABROMODIPHENYL OXIDE 

Mean Body Weights (grams) Final Weight Feed 
Concentration Survival (a) Initial (b) Final Change (c) Relative to Coneumdion (d) 

Controls (percent) Week 4 Week 13 (Ppm) 

MALE 

0 
3,100 
6,300 

12,500 
25,000 
50,000 

FEMALE 

0 
3,100 
6,300 

12,500 
25,000 
50,000 

10110 
1011 0 
1011 0 
911 0 

10110 
1011 0 

10/10 
1011 0 
10110 
911 0 

10110 
1011 0 

26.2 f 0.4 34.5 f 0.6 + 8.3 f 0.4 
24.0 f 0.8 32.5 f 0.7 + 8.5 f 1.0 
25.0 f 0.6 34.6 f 0.6 + 9.6 f 0.7 
26.1 f 0.8 35.0 f 0.8 + 8.9 f 0.3 
25.3 f 0.5 33.9 f 0.5 + 8.6 f 0.3 
27.3 f 0.5 34.5 f 1.3 + 7.2 f 1.1 

+ 8.0 f 0.6 19.4 f 0.3 27.4 f 0.7 
19.9 f 0.5 27.4 f 0.7 + 7.5 f 0.6 
19.6 f 0.4 28.5 f 1.1 + 8.9 f 0.8 
19.5 f 0.3 25.7 k 0.8 + 6.2 f 0.8 
19.7 f 0.3 27.8 f 0.7 + 8.1 f 0.6 
19.4 f 0.3 26.7 f 0.4 + 7.3 f 0.3 

.._ 
94.2 

100.3 
101.4 
98.3 

100.0 

_ _  
100.0 
104.0 
93.8 

101.5 
97.4 

9 9 
8 8 
8 6 
8 7 
8 9 
8 9 

10 9 
9 9 
9 10 
9 9 
9 8 

10 8 

(a) Number surviving/number initially in group. All deaths were judged accidental. 
(b) Initial group body weight f standard error of the mean. Subsequent calculations are based on those animals surviving to 
the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) Grams of feed consumed per animal per day. Not corrected for scatter. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs high dose female mice, 94% and 96% that of the 
controls (Appendix M, Tables M3 and M4). The 

The mean body weights of dosed and control average amount of decabromodiphenyl oxide 
mice were comparable throughout most of the consumed per day was estimated to be 3,200 
studies (Table 16 and Figure 3). The average mg/kg and 6,650 mg/kg for low dose and high 
daily feed consumption by low dose and high dose male mice and 3,760 mg/kg and 7,780 
dose male mice was estimated to be 96% and mg/kg for low dose and high dose female mice. 
100% that of the controlsandby low dose and 
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TABLE 16. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES 
OF DECABROMODIPHENYL OXIDE 

Weeks Control 25.000 DDm 50.000 DDm 
on Study Av. Wt. No. of Av. Wt. Wt. (percent No. of Av. Wt. Wt. (percent No. of 

(grams) Survivors (grams) of controls) Survivori (grams) of controls) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
80 
84 
88 
92 
96 

100 
102 
103 

FEMALE 

a 
9 

10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
80 
84 
88 
92 
96 

100 
102 
103 

28.3 
29.4 
30.6 
30.9 
32.0 
31.8 
33.2 
34.0 
34.8 
34.7 
35.4 
35.2 
35.6 
36.5 
36.9 
37.0 
38.5 
39.9 
39.0 
40.4 
40.2 
41.0 
39.6 
41.2 
40.0 
40.1 
40.7 
40.1 
40.9 
40.0 
40.0 
39.0 
38.6 
39.3 
38.3 
40.0 
39.0 
39.1 
40.0 
40.0 
38.0 
37.0 
37.0 

21.6 
21.7 
22.7 
23.4 
23.8 
24.2 
25.1 
25.9 
25.7 
26.5 
27.7 
27.3 
28.1 
28.9 
30.1 
30.3 
32.7 
34.6 
36.0 
35.7 
37.5 
38.0 
38.9 
39.7 
40.4 
41.5 
40.7 
40.1 
39.0 
40.9 
40.0 
39.2 
39.0 
39.3 
41.0 
41.0 
42.6 
41.0 
41.0 
40.0 
42.0 
41.0 

50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
48 
47 
47 
45 
40 
39 
36 
34 
33 
33 
33 
32 
32 
31 
31 
30 
28 
27 
26 
26 
26 
28 
26 
26 
22 
22 
22 
20 
19 
19 
19 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 

48 

48 
48 
47 
47 
47 
46 
46 
46 
41 
41 
40 
37 
30 
28 
27 
27 

48 

48 

28.2 
27.9 
29.7 
30.2 
31.6 
31.5 
32.3 
33.3 
33.6 
35.1 
34.1 
34.5 
35.2 
36.5 
36.4 
36.4 
38.4 
40.1 
41.0 
41.1 
41.7 
43.0 
41.1 
41.3 
41.4 
41.5 
42.1 
41.3 
41.6 
39.0 
39.7 
39.0 
39.9 
39.7 
39.5 
39.0 
39.0 
38.8 
40.0 
39.0 
38.0 
38.0 
38.0 

21.1 
21.7 
22.5 
23.1 
24.0 
24.4 
24.9 
25.8 
25.9 
26.6 
27.0 
27.2 
27.4 
28.4 
30.4 
30.7 
32.5 
34.8 
37.0 
37.6 
38.0 
39.0 
40.3 
39.9 
39.9 
41.9 
40.2 
40.7 
41.0 
41.4 
41.0 
40.7 
40.9 
40.8 
41.0 
42.0 
42.7 
43.0 
44.1 
42.0 
43.0 
43.0 

100 
95 
97 
98 
99 
99 
97 
98 
97 

101 
96 
98 
99 

100 
99 
98 

100 
101 
105 
102 
104 
105 
104 
100 
104 
103 
103 
103 
102 
98 
9s 

100 
103 
101 
103 
98 

100 
99 

100 
98 

100 
103 
103 

98 
100 
99 
99 

101 
101 
99 

100 
101 
100 
97 

100 
98 
98 

101 
101 
99 

101 
103 
105 
101 
103 
104 
101 
99 

101 
99 

101 
105 
101 
103 
104 
105 
104 
100 
102 
100 
105 
108 
105 
102 
105 

50 
50 
49 
49 
49 
49 
48 
48 
48 
47 
46 
46 
46 
46 
45 
45 
45 
45 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
42 
41 
40 
40 
40 
39 
38 
38 
36 
35 
30 
26 
25 
25 
25 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
47 
47 
47 
46 
46 
46 
45 
44 
43 
38 
36 
33 
31 
31 

28.4 
29.3 
29.7 
30.6 
32.1 
31.5 
31.6 
33.4 
34.1 
34.0 
34.2 
34.7 
35.1 
35.9 
35.9 
36.2 
37.3 
39.0 
40.0 
39.6 
40.8 
42.0 
41.1 
39.8 
40.4 
41.5 
41.2 
41.1 
41.1 
40.0 
39.6 
39.0 
38.8 
39.3 
38.9 
39.0 
38.0 
39.5 
39.0 
38.0 
37.0 
37.0 
38.0 

20.9 
21.6 
22.6 
22.7 
23.7 
24.0 
24.5 
24.7 
25.2 
26.0 
26.7 
26.7 
27.0 
28.6 
30.5 
30.9 
32.8 
34.9 
37.0 
37.7 
39.9 
40.0 
37.9 
40.1 
40.1 
40.9 
40.4 
39.6 
40.0 
40.0 
39.0 
38.3 
38.7 
38.5 
39.0 
40.0 
40.9 
40.0 
41.0 
38.0 
40.0 
39.0 

100 
100 
97 
99 

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

103 
98 

101 
102 
104 
97 

101 
103 
101 
102 
100 
100 
99 

100 
101 
100 
102 
98 
97 

101 
98 
95 
97 

100 
103 

97 
100 
100 
97 

100 
99 
98 
95 
98 
98 
96 
98 
96 
99 

101 
102 
100 
101 
103 
108 
106 
105 
97 

101 
99 
99 
99 
99 

103 
98 
98 
98 
99 
98 
95 
98 
96 
98 

100 
95 
95 
95 

50 
50 
49 
49 
49 
49 
49 
49 
49 
48 
46 
46 
46 
46 
46 
45 
45 
45 
44 
44 
44 
44 
44 
43 
43 
43 
41 
40 
39 
39 
39 
39 
38 
36 
35 
35 
32 
32 
29 
27 
26 
24 
24 

50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
47 
43 
40 
39 
34 
32 
32 
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III. RESULTS: MICE 

Survival 

Estimates of the probabilities of survival for 
male and female mice fed diets containing deca- 
bromodiphenyl oxide at the concentrations used 
in these studies and for the controls are  shown in 
the Kaplan and Meier curves in Figure 4. Loss 
of control male mice (presumably due to fight- 
ing) was significant during the first part of the 
study. All male mice were caged individually 
after 15 months. Thereafter, the survival of con- 
trol and dosed male mice was comparable. No 
significant differences in survival were observed 
between any groups of either sex (Table 17). 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or notewor- 
thy changes in the incidences of mice with neo- 
plastic or nonneoplastic lesions of the liver, thy- 
roid gland, testis, stomach, and multiple organs. 
Histopathologic findings on neoplasms in mice 
are summarized in Appendix B (Tables B1 and 
B2); Appendix B (Tables B3 and B4) also gives 
the survival and tumor status for individual 
male and female mice. Findings on nonneo- 
plastic lesions are summarized in Appendix D 
(Tables D1 and D2). Appendix E (Tables E3 and 
E4) contains the statistical analyses of those pri- 
mary tumors that occurred with an incidence of 
a t  least 5% in one of the three groups. The sta- 
tistical analyses used are discussed in Chapter II 
(Statistical Methods) and Appendix E (foot- 
notes). Historical incidences of tumors in control 
animals are listed in Appendix F. 

TABLE 17. SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF DECABROMODIPHENYL 
OXIDE 

Control 25,000 ppm 50,000 ppm 

MALE (a) 

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

FEMALE (a) 

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

50 
31 
18 
1 
0.139 

50 
23 
26 

1 
0.276 

50 
25 
25 

0 
0.111 

50 
19 
31 
0 
0.504 

50 
26 
24 
0 
0.161 

50 
18 
32 

0 
0.305 

(a) Terminal kill period: weeks 103-104 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with the 
controls are in the dosed columns. 
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III. RESULTS: MICE 

Liver: Granulomas were observed at  an in- 
creased incidence in low dose male mice (male: 
control, 8/50, 16%; low dose, 22/50, 44%; high 
dose, 12/50, 24%; female: control, 23/50, 46%; 
low dose, 27/50, 54%; high dose, 24/50, 48%). 
Centrilobular hypertrophy was observed a t  in- 
creased incidence in dosed male mice (control, 
0/50; low dose, 34/50, 68%; high dose, 32/50, 
64%). This lesion consisted of enlarged 
hepatocytes with frothy vacuolated cytoplasm. 
The incidence of hepatocellular adenomas or 

carcinomas (combined) in low dose male mice 
was greater than that in the controls, and the in- 
cidence in the high dose male mice was mar- 
ginally elevated relative to controls (Table 18). 
However, the significance of this effect may be 
decreased by the larger number of early deaths 
in control male mice. There was no significant 
compound-related effect on the incidences of 
hepatocellular adenomas or carcinomas (com- 
bined) in female mice (control, 8/50, 16%; low 
dose, 13/50,26%; high dose, 13/50,26%). 

TABLE 18. ANALYSIS OF LIVER TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY OF 
DECABROMODIPHENYL OXIDE (a) 

Control 25,000 ppm (b) 50,000 ppm (b) 

Hepatocellular Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Hepatocellular Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation , 
Life Table Tests 
Incidental Tumor Tests 

Hepatocellular Adenoma or Carcinoma (c) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Testa 

4/50 (8%) 
19.0% 
3/19 (16%) 
81 
P = 0.078 
P = 0.084 

5/50 (10%) 
20.7% 
1/19 (5%) 
81 
P=0.494 
P=0.523 

8/50 (16%) 
33.9% 
4/19 (21%) 
81 
P=0.124 
P=0.116 

12/50 (24%) 
46.2% 
11/25 (44%) 
100 
P=0.081 
P = 0.088 

14/50 (28%) 
42.9% 
8/25 (32%) 
72 
P=0.118 
P = 0.139 

22/50 (44%) 
67.7% 
15/25 (60%) 
72 
P = 0.036 
P = 0.036 

12/50 (24%) 
39.0% 
7/24 (29%) 
60 
P = 0.095 
P = 0.099 

8/50 (16%) 
26.8% 
4/24(17%) 
76 
P = 0.486 
P = 0.542 

18/50 (36%) 
56.5% 
11/24 (46%) 
60 
P=0.115 
P=0.116 

(a) The statistical analyses used are discussed in Chapter II (statistical methods) and Appendix E (footnotes). 
(b) The estimated dose in milligrams per kilogram body weight is given in Chapter III (body weights and clinical signs) and in 
Appendix M. 
(c) Historical incidence in NTP studies (mean k SD): 540/1,784 (30% _+ 8%); range: 760-29/50 
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III. RESULTS: MICE - 

Thyroid Gland: Follicular cell hyperplasia was 
observed at increased incidence in dosed mice 
(male: control, 2/50, 4%; low dose, 10150, 20%; 
high dose, 19/50, 38%; female: control, 4/50, 8%; 
low dose, 9/50, 18%; high dose, 7/49, 14%). 
Microscopically, all these lesions were focal or 
multifocal and most were small, involving one to 
four follicles. The involved epithelium was cu- 
boidal to tall, columnar, hyperchromatic, and, in 
some animals, multilayered. In some animals, 
the hyperplastic epithelium produced papillary 
projections into the lumen of the follicle. 

The incidences of follicular cell adenomas or car- 
cinomas (combined) in dosed male mice were 
greater (but not statistically greater) than that 
in the controls (male: control, 0/50; low dose, 
4/50, 8%; high dose, 3/50, 6%; female: control, 
1/50,2%; low dose, 3/50,6%; high dose, 3/50,6%). 
The historical incidence of follicular cell neo- 
plasms in untreated male mice in NTP studies is 

2811,680 (2% f 2%). The highest incidence ob- 
served in a control group is 3/42 (Appendix F, 
Table F9). 

Testis: Interstitial cell tumors were observed in 
2/48 high dose male mice but in 0150 controls 
and 0150 low dose mice. The historical incidence 
in NTP studies is 511,768 (0.3% k 0.7%). The 
highest incidence observed in a control group is 
1/48. 

Stomach: Ulcers were observed a t  an  increased 
incidence in high dose female mice (male: 
control, 5/49, 10%; low dose, 3/50,6%; high dose, 
5/50, 10%; female: control, 1/50, 2%; low dose, 
1/50,2%; high dose, 8/50,16%). 

Multiple Organs: Suppurative inflammation or 
abscesses of the ovary, uterus, or peritoneum 
were observed in 12 control, 8 low dose, arid 16 
high female mice. 
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IV. DISCUSSION AND CONCLUSIONS 

Fourteen-day and 13-week studies of decabromo- 
diphenyl oxide were conducted in F344/N rats 
and B6C3F1 mice to determine toxicity and af- 
fected organs and to aid in the selection of doses 
for the 2-year toxicity and carcinogenicity stud- 
ies. In 14-day studies, groups of five animals of 
each sex and species were exposed to decabromo- 
diphenyl oxide a t  0, 5,000, 20,000, 50,000, or 
100,000 ppm in their diet. No effects on health, 
survival, or body weights were observed, and no 
compound-related clinical signs or gross patho- 
logic effects were reported. In the 13-week stud- 
ies, groups of 10 animals of each sex and species 
were exposed to decabromodiphenyl oxide a t  0, 
3,100, 6,300, 12,500, 25,000, or 50,000 ppm in 
their diet. No compound-related clinical signs or 
effects on survival, body weight, or feed con- 
sumption were observed. No gross or micro- 
scopic pathologic effects were reported. 

Based on results of 14-day and 13-week studies, 
the 2-year studies were designed to expose 
groups of 50 animals of each sex and species to 
decabromodiphenyl oxide a t  25,000 or 50,000 
ppm in the diet. Feed consumption was slightly, 
but not significantly, elevated for both male and 
female rats in the dosed groups. The average 
daily consumption of decabromodiphenyl oxide 
was estimated to be 1,120 and 2,240 mg/kg for 
low dose and high dose male rats and 1,200 and 
2,550 mg/kg for low dose and high dose female 
rats. No clinical signs of toxicity were reported 
for either sex of rats. N o  significant differences 
in survival were observed between any groups of 
either sex except low dose male rats. Survival of 
low dose male rats was significantly lower than 
that of the controls after week 102 (see Table 9). 
However, the late point in the study at  which 
survival was decreased, lack of a dose effect, and 
lack of a similar effect in female rats or mice of 
either sex suggest that decreased survival in low 
dose male rats may not have been compound 
related. 

In mice, mean body weights and feed con- 
sumption of dosed and control animals were 
comparable throughout most of the 2-year stud- 
ies. The average amount of decabromodiphenyl 
oxide consumed per day was estimated to be 
3,200 and 6,650 mg/kg for low dose and high 
dose male mice and 3,760 and 7,780 mg/kg for 
low dose and high dose female mice. No 

compound-related clinical signs of toxicity were 
reported. No significant differences in survival 
were observed between any groups of either sex 
(see Table 17). Overall survival of both sexes of 
both species was considered adequate for 
evaluation of tumor incidences. 

At the end of the 2-year studies, neoplastic nod- 
ules in livers of male and female rats were ob- 
served with significant positive trends, and the 
incidences of neoplastic nodules in dosed male 
and high dose female rats were significantly 
greater than those in the controls (see Table 11). 
The incidences of neoplastic nodules in rats in- 
creased with dose in both males and females and 
appeared to be compound related. The incidence 
of hepatocellular carcinomas was low in all 
groups and was apparently not compound re- 
lated. Therefore, the increased incidences of 
neoplastic nodules were considered as some evi- 
dence of decabromodiphenyl oxide carcino- 
genicity in rats. 

Mononuclear cell leukemia was observed in 
dosed male rats with a significant positive trend 
by the life table test (see Table 12) but not by the 
incidental tumor test. Although leukemia is 
generally regarded as a life-threatening neo- 
plasm, the incidence of this lesion in dosed male 
rats killed at  the end of the study exceeded that 
observed in animals dying during the study, sug- 
gesting that the tumor may have been incidental 
rather than lethal in these particular groups. 
Moreover, control male rats in this study had the 
highest incidence of leukemia ever reported in 
untreated controls in NTP feed studies (30/50, 
60%); the overall historical incidence is 
458/1,727 (26.5%) (see Table 12; Appendix F, 
Table Fl) .  The incidence of mononuclear cell 
leukemia in male rats increased slightly with 
dose, but because of the exceptionally high inci- 
dence in control rats, the marginal nature of the 
increase, and the lack of a significant increase in 
female rats, the increase over controls in male 
rats was not considered biologically significant. 
A sarcoma was observed in the spleen of one low 
dose and one high dose male rat. The historical 
incidence of splenic sarcomas in control NTP 
studies is 5/1,705 (0.3%). 

Acinar cell adenomas of the pancreas occurred in 
high dose male rats with a significant positive 

Decabromodiphenyl Oxide, NTP TR 309 50 
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trend, and the incidence was marginally greater 
than that of the controls (see Table 13). Al- 
though the incidence in high dose males (4/50) 
appears quite high compared with that in 
historical controls (3/1,677), a review by the 
Pathology Working Group revealed that the cri- 
teria for acinar cell adenoma in this study in- 
cluded both acinar cell adenoma and acinar cell 
hyperplasia as diagnosed for other NTP studies. 
Thus, the historical controls are not an  appro- 
priate comparison. The incidence of prolifera- 
tive exocrine pancreatic lesions depends both on 
the criteria used as well as on the amount of pan- 
creatic tissue examined. When the entire pan- 
creas in untreated male rats is embedded and a 
single section is made, the incidence of prolifera- 
tive exocrine lesions approaches 25% (Boorman 
et al., 1985). Thus, the occurrence of exocrine 
pancreatic lesions in high dose male rats is not 
considered a compound-related effect. Acinar 
cell adenomas were also observed in one low dose 
and one high dose female rat. However, they 
were not significantly increased in either sex. 
Other tumors observed in dosed rats but a t  a less 
than significant incidence were Zymbal gland 
carcinomas in low dose female rats and osteo- 
sarcomas in low dose males. 

Several nonneoplastic lesions were observed in 
dosed rats. Thrombosis and degeneration were 
observed at  increased incidences in the liver of 
high dose male rats (see Table 10). Fibrosis of 
the spleen and lymphoid hyperplasia of the man- 
dibular lymph nodes were observed a t  increased 
incidences in high dose male rats. The inci- 
dences of hematopoiesis in spleens of dosed fe- 
male rats and acanthosis of the forestomach in 
dosed male rats were slightly increased. The in- 
cidence of degeneration of the eyes was in- 
creased in low dose female rats, but this lesion 
could have resulted from greater exposure to 
fluorescent light. This study was conducted 
before the NTP instituted cage rotation as part 
of the experimental protocol. One nonneoplastic 
lesion, C-cell hyperplasia of the thyroid gland, 
decreased in a dose-dependent fashion in male 
rats (control, 12/50; low dose, 6/49; high dose, 
2/49) and female rats (control, 14/50; low dose, 
7/49; high dose, 2/50) (Appendix Cl. 

Neoplasia that occurred at  significantly in- 
creased incidences in mice was limited to the 
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livers of male mice. HepatoceHular adenomas or 
carcinomas (combined) were observed in low 
dose male mice at  a significantly greater inci- 
dence than in the controls (control, 8/50; low 
dose, 22/50; high dose, 18/50) (see Table 18). 
Thyroid gland follicular cell adenomas or carci- 
nomas (combined) in male mice were observed at  
marginally increased incidemes (control, 0150; 
low dose, 4/50; high dose, 3/50). The significance 
of this lesion was supported by an increased inci- 
dence of follicular cell hyperplasia in male mice. 
The evidence of carcinogenicity in male mice is 
weakened by the early loss of control animals 
and the lack of a statistically significant effect a t  
the high dose. Therefore, the increased inci- 
dence of hepatocellular neoplasms in low dose 
animals and the less than significant increase in 
thyroid gland tumors are considered equivocal 
evidence of carcinogenicity of decabromodi- 
phenyl oxide in male mice. 

Nonneoplastic lesions were observed at  in- 
creased incidences in severa.1 tissues of dosed 
mice. Granulomas were increased in the liver of 
low dose male mice, and centrilobular hyper- 
trophy occurred at  increased incidences in the 
liver of both low and high dosie male mice. Fol- 
licular cell hyperplasia of the thyroid gland was 
increased in male mice (control, 4/50; low dose, 
10/50; high dose, 19/50). This observation is con- 
sistent with the observation of thyroid gland hy- 
perplasia in a repeated-dose study of decabromo- 
diphenyl oxide in rats (Norris et al., 1973). 
These investigators speculated that thyroid 
gland hyperplasia could have resulted from com- 
petition between bromine and iodine in the thy- 
roid gland. However, in the present study, a 
dose-dependent decrease in thyroid gland C-cell 
hyperplasia was observed in rats of each sex (Ap- 
pendix C). An increased incidence of ulcers of 
the stomach was observed in high dose female 
mice. 

Decabromodiphenyl oxide was not mutagenic in 
strains TA1535, TA1537, TA98, or TA100 of 
Salmonella typhimurium in the presence or ab- 
sence of Aroclor 1254-induced male Sprague- 
Dawley rat or male Syrian hamster liver S9 
when tested according to the preincubation pro- 
tocol (Appendix G). Decabromodiphenyl oxide 
was not mutagenic in the mouse lymphoma 
L5178Y/TK+’- assay in the presence or absence 
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IV. DISCUSSION AND CONCLUSIONS 

of Aroclor 1254-induced male F344 rat liver S9. 
Decabromodiphenyl oxide did not induce sister- 
chromatid exchanges or chromosomal aberra- 
tions in Chinese hamster ovary cells in vitro in 
the presence or absence of S9 prepared from 
livers of Aroclor 1254-induced male Sprague- 
Dawley rats. 

Aromatic molecules such as diphenyl oxide be- 
come decreasingly soluble in both water and 
organic solvents as the degree of halogenation 
increases (see Table 1). Chemicals that are not 
in solution are absorbed from the gastro- 
intestinal tract very sparingly. As a supplement 
to the carcinogenesis studies, additional experi- 
ments were conducted to quantitate decabromo- 
diphenyl oxide absorption from the gastrointes- 
tinal tract of male rats and to determine the 
effect of dose on absorption (Appendix 0). These 
studies were limited to male rats because gas- 
trointestinal absorption is thought to be similar 
in each sex of both species. In these experi- 
ments, radiolabeled 14C-decabromodiphenyl 
oxide (97.9%-99.2% pure) was diluted with un- 
labeled decabromodiphenyl oxide to yield the de- 
sired concentrations. Decabromodiphenyl oxide 
was mixed in the diet a t  approximate concen- 
trations of 250, 500, 2,500, 5,000, 25,000 or 
50,000 ppm or was administered by intravenous 
injection (1 mg/kg). Animals were precon- 
ditioned by being fed diets containing the respec- 
tive dose of unlabeled decabromodiphenyl oxide 
for 7 days before being fed diets containing 
radiolabeled decabromodiphenyl oxide for 1 day 
and then being returned to diets containing un- 
labeled material for the remainder of the hold- 
ing period. 

Results of these studies indicate that, after expo- 
sure a t  all doses in the diet, greater than 99% of 
the radioactivity recovered was excreted in the 
feces within 72 hours. Excretion in urine ac- 
counted for approximately 0.01% or less of the 
dose. After a dose was administered intra- 
venously, 61% of the recovered radioactivity was 
excreted in feces in 72 hours and approximately 
0.1% was excreted in urine. Analysis of all 
major organs and tissues following oral dosing 
indicated trace levels of radioactivity in most 
tissues. The highest concentrations were found 
in gastrointestinal tissues, liver, kidney, lung, 
skin, and adipose tissue. The high 14C- 

decabromodiphenyl oxide content of gastro- 
intestinal tissues was attributed to intimate 
contact with the formulated diet; therefore, 
these tissues were not used to estimate ab- 
sorption. Concentrations of tlecabromodiphenyl 
oxide in other tissues were near the limits of 
accurate detection and thereby contributed to 
the variability of estimates of absorption. 

Estimates of decabromodiphenyl oxide absorp- 
tion from the gastrointestinal tract were cal- 
culated by comparing tissue levels after oral ex- 
posure versus intravenous administration (Ap- 
pendix 0). For data obtained a t  similar time 
points, 

percent absorption = oral samde x 100 
intravenous sample 

Estimates of absorption obtained from a com- 
parison of average tissue concentrations after in- 
travenous dosing (Appendix 0, Table 06) versus 
oral dosing (Table 0 4 ,  Group III) indicate that 
0.33% k 0.19% of the 50,000-ppm dose was ab- 
sorbed. In the 2-year studies, animals con- 
suming 50,000 ppm decabrornodiphenyl oxide in 
the diet were estimated to have consumed 2,240 
mg/kg per day. However, based on estimated ab- 
sorption, the animals absorbed only 7.4 k 4.2 
mg/kg per day. Data for the 25,000-ppm dose 
group (Table 02) indicate 'that the percent of 
dose absorbed was not significantly different 
from the high dose; therefore, these animals ab- 
sorbed approximately 3.7 2 2.1 mg/kg per day. 
I t  is not known if this represents a significant 
difference in dose for animals exposed at  the 
high or low dose in these studies and may ex- 
plain the lack of dose response in some 
instances. 

Radioactivity present in the liver following ex- 
posure in the diet was confirmed as decabromo- 
diphenyl oxide by extraction, purification, and 
reanalysis (Appendix 0). However, the minimal 
absorption of decabromodiphenyl oxide from the 
gastrointestinal tract, and presumably from 
other potential routes of exposure as well, offers 
a partial explanation of the low short-term and 
long-term toxicity of the compound. 

Additional significance of the absorption data is 
seen when one considers that the material used 
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in these studies is not 100% pure. Four lots of 
decabromodiphenyl oxide were used in the 
present studies. Analysis indicated purities of 
94%-99% (Appendix H). Since decabromo- 
diphenyl oxide is very poorly absorbed from the 
gastrointestinal tract and absorption of other 
components of the batches used is unknown, it is 
possible that another component might be 
absorbed in greater quantity and account for 
more of the observed toxicity than decabromo- 
diphenyl oxide. Therefore, toxicity observed in 
this study could be attributed to the technical 
grade used rather than pure decabromodiphenyl 
oxide. 

A dose-dependent increase in liver weight (ap- 
proximately 40% greater than the controls) was 
observed in rats exposed to decabromodiphenyl 
oxide a t  25,000 and 50,000 ppm in the diet for 11 
days (Appendix 0; Figure 14). Liver weights of 
animals exposed at the two lowest doses were 
unaffected; liver weights of animals exposed at 
2,500 or 5,000 ppm were increased by 30%-40%. 
This observation confirms and quantitates 
earlier reports (Norris et al., 1973, 1975a,b; 
Kociba et al., 1975; Carlson, 1980). Liver 
weights were not recorded in the l b d a y  and 13- 
week portions of these studies. No other effects 
were observed in these repeated-dose studies. 

Previous studies of highly halogenated aromat- 
ics such as decabromodiphenyl oxide indicate 
that these compounds are poorly metabolized, if 
at all (Matthews et  al., 1977; Matthews and 
Tuey, 1980). However, results of the supple- 
mentary study presented in Appendix 0 indicate 
that much of the absorbed decabromodiphenyl 
oxide is metabolized and excreted in bile. From 
this cursory study of decabromodiphenyl oxide 

tissue distribution and clearance, this compound 
does not appear to have the same potential for 
bioaccumulation as polychlorinated or polybro- 
minated biphenyls with which it shares 
structural and chemical similarities. This 
observation offers additional. explanation of the 
low long-term toxicity of this compound. 

The experimental and tabulated data for the 
NTP Technical Report on decabromodiphenyl 
oxide were examined for accuracy, consistency, 
and compliance with Good Laboratory Practice 
requirements. As summarized in Appendix P, 
the audit revealed no major problems with the 
conduct of the studies or with collection and 
documentation of the experimental data. No 
discrepancies were found that influenced the 
final interpretation of the results of these 
studies. 

Conclusions: Under the conditions of these 2- 
year feed studies of decabromodiphenyl oxide, 
there was some evidence of carcinogenicity* for 
male and female F344/N ra.ts as shown by in- 
creased incidences of neoplsutic nodules of the 
liver in low dose (25,000 ppm) males and high 
dose (50,000 ppm) groups of each sex. There was 
equivocal evidence of carciitogenicity for male 
B6C3F1 mice as shown by increased incidences 
of hepatocellular adenomas or carcinomas (com- 
bined) in the low dose group and of thyroid gland 
follicular cell adenomas or carcinomas (com- 
bined) in both dosed groups. There was no evi- 
dence of carcinogenicity for fiemale B6C3F1 mice 
receiving 25,000 or 50,000 ppm in the diet. 
Several nonneoplastic lesions were observed at 
increased incidences, the most notable being 
thyroid gland follicular cell lhyperplasia in male 
mice. 

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. Tho discussion and vote 
regarding the interpretative conclusions are summarizedon pages 15-16. 
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS

IN RATS IN THE TWO-YEAR FEED STUDIES

OF DECABROMODIPHENYL OXIDE
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

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

50 
50 
50 

50 
50 
50 

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

Squamous cell papilloma 1 (2%) 
Squamous cell carcinoma 1 (2%) 1 (2%) 
Basal cell carcinoma 1 (2%) 1 (2%) 
Keratoacanthoma 2 (4%) 3 (6%) 1 (2%) 
Neurofibrosarcoma 1 (2%) 

Fibroma 3 (6%) 4 (8%) 3 (6%) 
Fibrosarcoma 4 (8%) 1 (2%) 
Neurofibroma 2 (4%) 2 (4%) 1 (2%) 
Neurofibrosarcoma 2 (4%) 2 (4%) 

*Subcutaneous tissue (50) (50) (50) 

RESPIRATORY SYSTEM 
#Lung (50)  (50) (49) 

Alveolar/bronchiolar adenoma 1 (2%) 1 (2%) 3 (6%) 
Paraganglioma, metastatic 1 (2%) 
Sarcoma, NOS, metastatic 1 (2%) 
Osteosarcoma, metastatic 2 (4%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50) 

Leukemia, mononuclear cell 30 (60%) 33 (66%) 35 (70%) 

Sarcoma, NOS 1 (2%) 1 (2%) 

Squamous cell carcinoma, metastatic 1 (2%) 

#Spleen (49) (50) (49) 

#Mandibular lymph node (50) (50) (49) 

CIRCULATORY SYSTEM 
#Heart (50) (50) (49) 

Osteosarcoma, metastatic 1 (2%) 

DIGESTIVE SYSTEM 
#Salivary gland (49) (50) (48) 

#Liver (50) (50) (49) 

Sarcoma, NOS 1 (2%) 2 (4%) 
Fibrosarcoma 1 (2%) 

Neoplastic nodule 1 (2%) 7 (14%) 15 (31%) 
Hepatocellular carcinoma 1 (2%) 1 (2%) 1 (2%) 
Osteosarcoma, metastatic 2 (4%) 

Acinar cell adenoma 4 (8%) 

Carcinoma, NOS 1 (2%) 
Leiomyoma 1 (2%) 

#Pancreas (49) (50) (49) 

' #Jejunum (49) (50) (48) 

URINARY SYSTEM 
#Perirenal tissue 

#Kidney/tubule 
Pheochromocytoma, metastatic 

Cystadenoma, NOS 

(48) 

(48) 

(49) 

(49) 
1 (2%) 

1 (2%) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

~ ~~ ~~~~ 

CONTROL (UNTR) LOW DOSE HIGH DOSE 
~ ~~~ 

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

#Adrenal (49) (50) (49) 

#Adrenal medulla (49) (50) (49) 

#Thyroid (50) (49) (49) 

#Parathyroid (49) (48) (47) 

#Pancreatic islets (49) (50) (49) 

Carcinoma, NOS 1 (2%) 
Adenoma, NOS 10 (20%) 10 (20%) 9 (18%) 

Cortical adenoma 4 (8%) 1 (2%) 1 (2%) 

Pheochromocytoma 31 (63%) 18 (36%) 18 (37%) 
Pheochromocytoma, malignant 4 (8%) 1 (2%) 5 (10%) 

C-cell adenoma 6 (12%) 5 (10%) 1 (2%) 
C-cell carcinoma 2 (4%) 2 (4%) 2 (4%) 

Adenoma, NOS 1 (2%) 

Islet cell adenoma 4 (8%) 1 (2%) 1 (2%) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (50) 

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

Carcinoma, NOS 4 (8%) 4 (8%) 2 (4%) 
Adenoma, NOS 1 (2%) 2 (4%) 

Adenoma, NOS 3 (6%) 3 (6%) 

Interstitial cell tumor 44 (94%) 47 (94%) 47 (96%) 

*Preputial gland (50) (50) (50) 

#Prostate (47) (49) (49) 

#Testis (47) (50) (49) 

*Epididymis (50) (50) (50) 
Mesothelioma, invasive 1 (2%) 

NERVOUS SYSTEM 
#Cerebrum 

#Brain 

#Cerebellum 

Astrocytoma 

Osteosarcoma, invasive 

Granular cell tumor, NOS 

SPECIAL SENSE ORGANS 

Carcinoma, NOS 
*Zymbal gland (50) 

MUSCULOSKELETAL SYSTEM 
*Skull 

Osteosarcoma 
*Vertebra 

Osteosarcoma 
'Skeletal muscle 

Osteosarcoma 

BODY CAVITIES 
*Mediastinum 

*Abdominal cavity 
Sarcoma, NOS, invasive 

Paraganglioma, malignant 

(50) 

(50) 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THlE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

BODY CAVITIES (Continued) 

Sarcoma, NOS, invasive 
Osteosarcoma, metastatic 

Mesothelioma, NOS 
Mesothelioma, malignant 

*Mesentery 

*Tunica vaginalis 

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

1 (2%) 

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

(50) (50) (50) 

ALL OTHER SYSTEMS 
*Multiple organs 

Adipose tissue 
Mesothelioma, invasive 

Pheochromocytoma, invasive 

(50) 

1 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 

Natural death 12 18 19 
Moribund sacrifice 3 9 7 
Terminal sacrfice 35 23 24 

TUMOR SUMMARY 
Total animals with primary tumors** 49 50 49 

Total benign tumors 111 96 97 
Total animals with malignant tumors 41 37 43 

Total malignant tumors 56 51 54 
Total animals with secondary tumors## 2 4 4 

Total primary tumors 168 156 167 
Total animals with benign tumors 48 49 48 

Total secondary tumors 2 8 6 

benign or malignant 1 9 16 
Total uncertain tumors 1 9 16 

Total animals with tumors uncertain-- 

* Number of animals receiving complete necropsy examinations; ail gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE 

LOW DOSE HIGH DOSE CONTROL (UNTR) 

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

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

Squamous cell papilloma 2 (4%) 
Basal cell tumor 1 (2%) 
Basal cell carcinoma 1 (2%) 

Carcinoma, NOS, invasive 1 (2%) 
Sarcoma, NOS 1 (2%) 
Fibrosarcoma 2 (4%) 1 (2%) 1 (2%) 
Fibrosarcoma, invasive 1 (2%) 
Myxosarcoma 1 (2%) 
Lipoma 1 (2%) 

"Subcutaneous tissue (50) (50) (50) 

RESPIRATORY SYSTEM 
#Lung 

Alveolaribronchiolar adenoma 
Fibrosarcoma, metastatic 
Liposarcoma, metastatic 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Leukemia, mononuclear cell 
(50) (50) (50) 

14 (28%) 21 (42%) 18 (36%) 

CIRCULATORY SYSTEM 
#Myocardium 

Fibrosarcoma, metastatic 
Neurofibrosarcoma 
Neurilemoma 

(50) 

1 (2%) 
1 (2%) 

DIGESTIVE SYSTEM 
#Liver 

Neoplastic nodule 
Hepatocellular carcinoma 

Acinar cell adenoma 

Sarcoma, NOS, metastatic 

Leiomyosarcoma 

#Pancreas 

#Gastric serosa 

#Ileum 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

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

24 (48%) 22 (44%) 24 (48%) 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 
#Adrenal 

#Adrenal medulla 
Cortical adenoma 

Pheochromocytoma 
Pheochromocytoma, malignant 

Follicular cell adenoma 
Follicular cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

#Thyroid 

(50) (48) 

(50) (48) 

(50) (49) 

4 (8%) 

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

1 (2%) 

9 (18%) 
2 (4%) 

6 (12%) 
4 (8%) 

(50) 

(50) 
2 (4%) 

2 (4%) 

(50) 

1 (2%) 
5 (10%) 
3 (6%) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Adenoma, NOS 
Adenocarcinoma, NOS 
Papillary cystadenocarcinoma NOS 
Fibroadenoma 

Carcinoma, NOS 
Adenoma, NOS 

Papilloma, NOS 
Fibrosarcoma 

Endometrial stromal polyp 
Endometrial stromal sarcoma 

Squamous cell carcinoma 

Granulosa cell tumor 

*Clitoral gland 

V a g i n a  

#Uterus 

#Cervix uteri 

#Ovary 

(49) 

(49) 

(48) 

9 (18%) 
1 (2%) 

1 (2%) 

1 (2%) 

(50) 
1 (2%) 

18 (36%) 

3 (6%) 
1 (2%) 

(50) 

(50) 

(49) 
10 (20%) 

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

21 (42%) 

3 (6%) 
1 (2%) 

1 (2%) 
1 (2%) 

11 (22%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

NERVOUS SYSTEM 
#Cerebrum 

Carcinoma, NOS, invasive 
Astrocytoma 

Carcinoma, NOS, invasive 
#Brain 

SPECIAL SENSE ORGANS 

Carcinoma, NOS 
*Zymbal gland (50) (50) (50) 

3 (6%) 

MUSCULOSKELETAL SYSTEM 
*Vertebra 

Osteosarcoma 
(50) 

BODY CAVITIES 
*Mesentery (50) 

Endometrial stromal sarcoma, invasive 
(50) (50) 

1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Mesothelioma, NOS 
(50) (50) (50) 

1 (2%) 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 

50 
7 
3 

40 

50 
12 
5 

33 

50 
9 
7 

34 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain-- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

Total uncertain tumors 
benign or malignant 

49 
109 
41 
75 
28 
32 
3 
4 

2 
2 

49 
105 
35 
63 
34 
39 
4 
4 

3 
3 

50 
118 
41 
75 
26 
33 

3 
4 

10 
10 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses exa:mined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
R # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE AS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: UNTREATED CONTROL 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 
Squamous cell papilloma 
Squamous cell carcinoma 
Basal cell carcinoma 
Keratoacanthoma 
NeurofibrosaFoma 

Subcutaneous tmue 
Fibroma 
Fibroaarcoma 
Neurofibroma 
Neurofibrosarcoma 

Lungs and bronchi 

Trachea 
Alveolarhronchiolar adenoma 

Bone marrow 
Spleen 
L mphnoder 

Thymur 
iquamotu cell carcinoma, metostatic 

Heart 

Salivary gland 

Liver 

Bile duct 
Gallbladder (L common bile duct 
Pancreas 

Small intestine 

Large lnteNne 

Kidney 
Urinary bladder 

Pituitary 

Adrenal 

Sarcoma, NOS 
Neopla~~tic nodule 
Hepatocellular carcinoma 

EEr 
Carcinoma! NOS 

Adenoma, NOS 
cortical adenoma 
Pheochromocytoma 
Pheochromocytoma, malignant 

Thyroid 
C-cell adenoma 
C-cell carcinoma 

Parathyroid 
Pancreatic islet. 

Islet cell adenoma 

Adenocarcinoma. NOS 
Testia 

Intantitial cell tumor 
Prostate 

Adenoma NOS 
PreputiaVc\itoral land 
Carcinoma, NO# 

Brain 
Astrocytoma 

CAVITIES 
T E X E ! i ! i m a l i g n a n t  

Leukemia, mononuclear cell 

- 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

X 
X 

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

X 

:< 

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

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

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

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

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

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  x x  X X 
Y ._ 

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

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

X - 
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  x x x  x x x x x  x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

X 
x x  

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

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

N N N N N N N N N N N N N N N N N N N N N N N ~ N  
x x x x  x x x x x  x x x x x x x x  X 

+ : T h u e  Examined Microscopically : No Tissue Information Submitted 
- : Required Tkw Not Examined Microlropically C : Necropey. No Histology Due To Protoeol 
X : TumorIncidence A : Autolysis 
N : Necropey, No Autolysis, No Microscopic Examination M : Animal Missing 
S : AnimalMiasexed B : No Necropsy Performed 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: UNTR:EATED 

O O O O O O O O O O o O O O O O O O O O o o o o i J  
I l l 1 1 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4  
5 6 7 8 9 1 2 4 5 6 8 1 2 3 4 5 6 7 9 0 1 5 6 8 9  

T7-i 1 T - i  17-i-i1TTT?- i - i m T 7 - i - T  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

- - 

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

Skin 
Squamous cell papilloma 
Squamous cellcarcinoma 
Basal cell carcinoma 
Keratoacanthoma 
Neurofibroaarcoma 

Subcutaneous tissue 
Fibroma 
Fibrosarcoma 
Neurofibroma 
Neurofibrosarcoma 

Lungs and bronchi 

Trachea 

Bone marrow 
Spleen 
Lymph nodes 

Thymus 

Heart 

Salivary gland 

Liver 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small intestine 

Large intestine 

Kidney 
Urinary bladder 

Alveolar/bronchiolar adenoma 

Squamous cell carcinoma, metastatic 

M 

Sarcoma, NOS 
Neoplastic nodule 
Hepatocellular carcinoma 

E%r 
Carcinoma, NOS 

M 
Pituitary 

Adenoma, NOS 
Cortical adenoma 
Pheochromocytoma 
Pheochromocytoma, malignant 

Thyroid 
C-cell adenoma 
C-cell carcinoma 

Parathyroid 
Pancreatic bleta 

Islet cell adenoma 

Adrenal 

Mammary gland 
Adenocarcinoma, NOS 

Testis 
Interstitial cell tumor 

Prostate 
Adenoma, NOS 

PreputiaYclitoral gland 
Carcinoma, NOS 

Brain 
Astrocytoma 

Tunica va ' n a b  
Mesotherooma. malignant 

Multiple organs,NOS 
Mesothelioma, invasive 
Leukemia, mononuclear cell 

X 
X 

~ 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  - 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  - 

. . . . . . . . . . . . . . . . . . . . . . . . .  
- 

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

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

+ + + + + + + + + + + + + + + + + + + + + + + + t  
N N N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - 

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

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

X 

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

X X 

- 
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x x x x x x x x x  x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

X 

X X 

x x  

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

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
x x x x  x X x x x x  x x x  

*50 
1 
1 
1 
2 
1 

'50 
3 
4 
2 
2 

50 
1 
50 

50 
49 
50 

1 
47 

60 

49 
1 
50 

1 
1 
50 

*50 
49 
50 
49 
49 
1 
47 

48 
47 

50 
10 
49 

4 
31 

4 
50 
6 
2 
49 
49 
4 

*50 
1 
47 
44 
47 
3 

'50 
4 

- 

50 
2 

*50 
1 

*50 
1 
30 

Animals Necropsied 
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TABLE AS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: LOW DOSE 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 
Keratoacanthoma 

Subcutaneou tislue 
Fibroma 
Neurofibroma 
Neurofibrmarcoma 

M 
Lunp  and bronchi 

Alveolar/bronchiolar adenoma 
Paraganglioma, metutrtic 
OMOumma. mrtut.tic 

Trachea 

Bone marrow 

L mphnodm 
T&nua 

Heart 

S ~ : ~ m a , N O S  

OMourcoma, metastatic 

Salivary gland 
Liver 

Neoplaaic nodule 
Hepatocellular carcinoma 
Osteourcoma. metastatic 

Bile duct 
Gallbladder (L common bile duct 
Pancreu 

Kidney 
Urinary bladder 

Pituitug 

Adrenal 

Carcinoma, NOS 
Adenoma, NOS 

Cor t i4  adenoma 
Pheochromocytoma 
Pheochromocytoma, malignant 

Thyroid 
C-cell adenoma 
C-cell carcinoma 

P a n t h v i d  
Panematx ~ 1 s t ~  

lalet cell adenoma 

Mamnury gland 
Fibroadenoma 

Tsrtil 
Interstitial cell tumor 

mdte 
ReputLVclitoral land 

C u e h m a ,  NO# 
Adenoma, NOS 

Brain 
O.tsourmma, invuive 
Granulucell tumor, NOS 

ORGANS 
Zymbal gland 

Carcinoma, NOS 

Bone 
M w l e  
Oltn*ueOBU 

Olteopreomcl 

Peritoneum 
Paragmglioma. malignant 

T~ktiex2%os 
MeMntofy 
Odacducoma, metutatic 

ALL -S 
Multiple orgaru. NOS 

Leukemia. mononuclear cell 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -  
4 2 0 0 1 4  

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

- 
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
X 

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

" A 
X X 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + - + + + + + + + - + - - - + - + + + - + - + i  

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

- 

_I 

X 
__ ~ 

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

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

X X . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N ~  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

A 
X x x  x x  

X 

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

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

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

~~~ 

N + + N + + + + + + + + + + + N + + + + + N + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x x  x x x x x x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N U N U  

X X 

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

X - 
N N N N N N N N N N N N N N N N N N N N N N + N N  

X 
~~ ~~~ 

N N N N N N N N N N N N N N N N N N N N N N ~ U N  

N N N N N N N N N N N N N N N N N N N N N N ~ N N  
X X 

X - 
N N N N N N N N N N N N N N N N N N N N N N N N N  
X . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N ~ N N  

X 

X 

N N N N N N N N N N N N N N N N N N N N N N N N N N N  
x x  x x x x x x x x  x x x x x  

Decabromodiphenyl Oxide, NTP TR 309 68 



TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE; 
(Continued) 

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

ANIMAL 
NUMBER 

1 1 1  

Skin 
Keratoacanthoma 

Subcutaneous tiedue 
Fibroma 
Neurofibroma 
Neurofibrosarcoma 

Lungs and bronchi 
Alveolar/bronchiolar adenoma 
Paraganglioma, metastatic 
OstaoMrcoma. metastatic 

Trachea 

Bone marrow 

L mphnodei 
Tiymu. 

Heart 

HEMATO- 

%:ma, NOS 

Oataosarwma, metdatatie 

Salivary gland 
Liver 

Neoplutic nodule 
Hepatocellular carcinoma 
Oataourcoma, metantatie 

Bile duct 
Callbladdet & common bile duct 
Pancreas 

Small mtastine 
Large inteatine 

Kidney 
Urinary bladder 

:t%gpu) 

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

Adrenal 
Corticdl adenoma 
Pheochromocytoma 
Pheochromocytoma, malignant 

Thyroid 
C-cell adsnoma 
C.cell carcinoma 

Parathyroid 
Pancreatic irletr 

Inlet cell adenoma 

Mammary eland 
Fibroadenoma 

Brain 
Osteosarcoma. invasive 
Granular cell tumor, NOS 
Astrocytoma 

Zymbal gland 
ORGANS 

Carcinoma, NOS 

Bone 

Peritoneum 
Tunica vajyalia 

Menentory 

Paraganglioma. malignant 

Mewthe ma,NOS 

Osteosarcoma. metutatic 

ALL 0- 
Multiple organa NOS 

Leukemia, moAonuclear cell 

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

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

X X 
X 

X X 

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

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

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

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

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

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

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N + N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

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

x x x x x x x x x x x x x x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

x x  
X 

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

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

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

N N N N N N N N N N N N N N N N N N N N N N N N ~  
. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

N N N N N N N N N N N N N N N N N N N N N N N N N  x x  x x x x x  x x x x  x x  x x x x x  

-- 

b3TAL 
!ISSUES 
:IJMORS 

-- 
*50 

3 
'50 

4 
2 
2 

50 
1 
1 
2 

50 

-- 

50 
50 

I 
50 
40 

50 
1 

-- 

50 
50 
7 
1 
2 

50 
*50 
50 
50 
50 
50 
49 

50 
48 

50 
I 

10 
50 

1 
18 
1 

49 
5 
2 

48 
50 
1 

*so 
3 

50 
47 
49 

'M) 
4 
1 

50 
1 
1 
1 

*50 
1 

*50 
2 

*50 
1 

-50 
1 

-50 
1 

'50 
1 

-- 

.- 

.- 

.- 

,- 

I- 

'50 
33 - 

Animala Necropiied 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE HIGH DOSE 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin -..... 
Sqrumou cell carcinoma 
9-1 cell carcinoma 
Keratoacanthoma 

Subcutaneou ti iue 
Fibroma 
Fibrosarcoma 
Neurofibroma 

Lung# and bronchi 

Trachea 

Bone marrow 

Alveolar/bronchiolar adenoma 
Sarcoma, NOS, metastatic 

s!&.kln, NOS 

%%L-' 
Heart 

W 
sarcoma, NOS 
Fibrowcoma 

Neoplutic nodule 
Hep.tocsllular carcinoma 

Liver 

Bibauct 
Callbladder & common bile duct 
Pa l lMu . 

Acinar cell adenoma 

::LT 
Small inteain0 

Leiomyoma 
Lgr intantino 

+eochromoeytoma, metastatic 
Unnug bladder 

Pituitary 

A h $  
Adenoma, NOS 
Cort~cal adenoma 
Phacchromocytoma 
Pheochromocytoma, malignant 

Thymid 
C d  adenoma 
C-QU carcinorm 

Pmtbyroid 
Adenoma. NOS 

Pancreatic irlet. 
I&tcell adenoma 

Mammary gland 
Telti. 

Intaratitial cell tumor 
R0rt.U 
Adenoma, NOS 

PreputiaYclitoraI land 
Carcinoma, NO# 
Adenoma, NOS 
E ididymis 

Lthe l ioma,  invasive 

B n i n  

Zymbal gland 
AN9 

Carcinoma, NOS 

M s d t r t i n W  

Tuniava 'nalu 

Msantery 

Sueoma, NOS, invuive 

Mwothefoma, NOS 
Msrothelioma. malignant 

Snrmma. NOS, invaeive 

Multiple organs, NOS 
Adipoae tiasue 

Leukemia. mononuclear cell 

Pheochromocytoma. invmiva 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

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

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

X 

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

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

X X 
X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  + + - + + + + + - - + + - + - + - + + + + + + + +  
x 

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N ~  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X . . . . . . . . . . . . . . . . . . . . . . . . .  - 

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

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

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

X 
Y 
R . . . . . . . . . . . . . . . . . . . . . . . . .  

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

+ + N + + + + + + + + N + + + + + + + N + + + N + +  . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x x x x x x x x x x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

+ 

N N N N N N N N N N N N N N N N N N N N N N N N N  
- 

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
- 

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 

X 

X 

N N N N N N N N N N N N N N N N N N N N N N N N N  x x x x x x x  x x x x  x x x x x x  
X - 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS HIGH DOSE 
(Continued) 

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

l l l l l l l l l l l l l l l l l l l l l l l l r  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 
Squamous cell carcinoma 
Basal cell carcinoma 
Keratoacanthoma 

Subcutaneous tissue 
Fibroma 
Fibrosarcoma 
Neurofibroma 

Lunga and bronchi 

Trachea 

Bone marrow 
s%:%na, NOS 
L mphnodes 
Tgymru 

Alveolar/bronchiolar adenoma 
Sarcoma, NOS, metastatic 

Heart 

Salivary gland 
Sarcoma, NOS 
Fibrosarcoma 

Liver 
Neoplastic nodule 
Hepatocellular carcinoma 

Bile duct 
Gallbladder h common bile duct 
Pancrew 
Acinar cell adenoma 

::3Y 
Small intsstine 

Leiomyoma 
Large intantine 

Kidney 

Urinary bladder 

Pituitary 

Adrenal 

C ntadenoma, NOS 
Pgeochromocytoma, metastatic 

Adenoma, NOS 
Cortical adenoma 
Pheochromocytoma 
Pheochromocytoma. malignant 

Thyroid 
C-cell adenoma 
C-cell carcinoma 

Parathyroid 
Adenoma, NOS 

Pancreatic S e t a  
Islet cell adenoma 

Mammary gland 
Tentu 

IntarutitialceU tumor 
PC08Md 

Adenoma, NOS 
PreputmaYchtonl land 
Carcinoma, NO& 
Adenoma, NOS 
E ididymia 

Riesothelioma, invasive 

Brain 
ANS 

Zymbal gland 
Carcinoma, NOS 

Mediaatinurn 
Sarcoma, NOS, invasive 

Tunica va 'nalin 
Mesothe!!oma. NOS 
Memthelioma, malignant 

Mesentary 
Sarcoma, NOS, invarive 

ALL OT- 
Multiple orgaw, NOS 
Adipose tissue 

Leukemia, mononuclear cell 

Pheochromocytoma. invasive 
~ 

'Animals Necropsied 

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

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

X 

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

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

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

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

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

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

X x x x x  x x x x x x  x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

x x  

X 

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

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

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

x x x x  x x  x x  x x  X 

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

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

x 
X X 

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
x x x  x x x x x x x x x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X 
N N N N N N N N N N N N N N N N N N N N N N N N N  
X x .. 

X X 
N N N N N N N N N N N N N N N N N N N N N N ~ N N  

X 

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

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
x x x x  x x x  x x x x x  x x x x x  x 

-- 

TOTAL: 
r1SI;UES ruhiow 

'50 
1 
I 
1 

'50 
3 
1 
1 

49 
3 
1 

49 

50 
49 
1 

49 
44 

-- 

-- 

4.9 

48 
2 
1 

49 
15 

1 
49 

*fiO 
419 

4 
49 
49 
M 

1 
48 

-- 

49 
1 
1 

4s 

!50 
9 
4s 

1 
L8 
5 

,49 
1 
2 

'17 
1 

'49 
1 

*50 
19 
47 
49 
3 

-50 
2 
2 

*50 
1 

-- 

-- 

50 

*50 
1 

*50 
1 

'50 
1 
1 

'50 
1 

* 50 
35 

1 

-- 

-- 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: UNTREATED CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

UNTEGUMENTAKY SYSTEM
Subcutaneous tissue

Sarcoma, NOS
Fibrosarcoma
Lipoma

RESPIRATORY SYsi'liM
Lungs and bronchi

Fibrosarcoma, metastatic
Trachea

HEMATOPOIETUJ bVHTKM
Bone marrow
Spleen
Lymph nodes
Tnymus

CIRCULATORY rfYSTEM
Heart
Fibrosarcoma, metastatic

DlilEyTIVE SYSTEM
Salivary gland
Liver

Neoplastic nodule
Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Sarcoma, NOS, metastatic
Small intestine

Leiomyosarcoma
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocytoma
Pheochromocytoma, malignant

Thyroid
Follicular cell adenoma
C-cell adenoma
C-cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Adenocarcinoma, NOS
Papillary cystadenocarcinoma, NOS
Fibroadenoma

Preputial/clitoralgland
Carcinoma, NOS

Uterus
Squamous cell carcinoma
Endometrial stromal polyp
Endometrial stromal sarcoma

Ovary
Granulosa cell tumor

NERVOUS SYSTEM
Brain
Carcinoma, NOS, invasive
Astrocytoma

MUSCULOSKELETAL SYSTEM
Bone
Ostoosarcoma

ALL OTHKK SYSTEMS
Multiple organs, NOS
Leukemia, mononuclear cell

01 01 01 01 01 01 01 01 01 01 01 01 01 0 01 01 0 01 01 0 0 0 01 01 0
5 9 6 9 6 81 9 5 9 7 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6
5| 4| 4| 3| l| 2| 5| 3| ?| l| l| 2\ 4| 6 7| 8| 9 fl| 2| 3 5 6 7| 8| 9

01 01 01 01 01 01 01 01 01 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1
7 8 8 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
i| l| 4| 2| 6| 7| 7| 9| l| 3| 4| 4| 4| 4J 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4

+ + + + + + + + + + + ^ + + + + + + + +. + + + + +
X

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

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

+ + + -,. + + + + + + + + + + + + + + + + + + + + +

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

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

t t + + + ; t + t t t t t + + t t t t t + t t t t+ + + + + _ + + .,. + + .,. + + + + + + .,. + + + .,. + +

+ + + + + + + + _ + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
4. + + + + _ + + 4. + + + + + + + + + + + + + + + +

+ + + + + + + > + + + + + + + + + + + + + + + + +
X

X X X X X X X X X X

X X X
X X

X
X X X X

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

X
X

X X X X X X X X X
N N N N N N N N N N N N N N N N N N N N N N N N N

X X X

X X X
X

X

+ + + + + + + + + + .,. + .,..,. + .,. + + + + + + + + +
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X X X X X

+ : Tissue Examined Microscopically
— : Required Tissue Not Examined Microscopically C
X : Tumor Incidence A
N : Necropsy, No Autolysis, No Microscopic Examination M
S : Animal Missexed B

No Tissue Information Submitted
Necropsy, No Histology Due To Protocol
Autolysis
Animal Missing
No Necropsy Performed
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: UNTREATED
CONTROL (Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Sarcoma, NOS
Fibrosarcoma
Lipoma

RESPIRATORY SYSTEM
Lungs and bronchi
Fibrosarcoma, metastatic

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart
Fibrosarcoma, metastatic

DIGESTIVE SYSTEM
Salivary gland
Liver
Neoplastic nodule

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Sarcoma, NOS, metastatic
Small intestine

Leiomyosarcoma
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocytoma
Pheochromocytoma, malignant

Thyroid
Follicular cell adenoma
C-cell adenoma
C-cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Adenocarcinoma, NOS
Papillary cystadenocarcinoma, NOS
Fibroadenoma

Preputial/cUtoralgUnd
Carcinoma, NOS

Uterus
Squamous cell carcinoma
Endometrial stromal polyp
Endometrial stromal sarcoma

Ovary
Granulosa cell tumor

NEKVUUS SYSTEM
Brain
Carcinoma, NOS, invasive
Astrocytoma

MUSCULOSKELETAL SYsitM
Bone
Osteosarcoma

ALL OTHEH SYSTEMS}
Multiple organs, NOS

Leukemia, mononuclear cell

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 1
7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 9 9 9 9 9 9 0
0| 2| 3| 4| 5| 6| 7| 8| 9J 0| l| 3| 4| S\ S\ 1\ S\ 9\ 0\ l| 2| 6| 8| 9| 0

11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4| 4| 4] 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4| 4] 4] 4] 4\ 4] 4| 4| 4| 4| 4 4

X X
X

X

X

X

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

X

X

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

X
X

X

X X X X X

X X X X X X X X X X X X X X X
N N N N N N N N N N N N N N N N N N N N N N N N N

X

X
X X X X X X

+ -I- + -I- + + + + + -I- + + + + + + - + + + + + + + +

X

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

N N N N N N N N N N N N N N N N N N N N N N N N N
X X X X X

TOTAL:
TISSUES
TUMORS

•SO
1
2
1

SO
1

SO

SO
49
50
42

50
1

50
50
1

50
•50
49
50
49

1
49
1

49

50
49

50
1

24
50
4
3
1

50
1
9
2

49

*50
1
1

24
•50

4
49
1
9
1

48
1

49
1
1

•50
1

•50
14

• Animals Necropsied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEOUMENTAKlt SYSTEM
Skin
Basal cell carcinoma

Subcutaneous tissue
Carcinoma, NOS, invasive
Fibrosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Liposarcoma, metastatic
Trachea

HEMATOPOIETlO aVsTKM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Neoplaatic nodule
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Acinar cell adenoma

Esophagus
Stomach
Small intestine
Large intestine

URINAKY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Pheochromocytoma

Thyroid
C-cell adenoma
C-cell carcinoma

Parathyroid

REPRODUCTIVE 3 1 STEM
Mammary gland

Adenoma, NOS
Fibroadenoma

Preputial/clitoralgland
Carcinoma, NOS
Adenoma, NOS

Uterus
Squamou* call carcinoma
Endometrial stromal polyp

Ovary

NERVOUS SYSTEM
Brain
Carcinoma, NOS, invasive
Astrocytoma

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS

ALL OTrlfcrl 3K51BMS
Multiple organs, NOS

Leukemia, mononuclear cell

8 6 6 8 5\ 7 9 6 6 6 7 7 8 8 9 8 5 5 5 5 5 5 5 5 6
4 6| 4| 9| l| 3 8| 3\ 5| 0| 6 2 6| 8J 9| 7 6 2| 3| 4| 5| 7 8| 9| 1

01 01 01 01 01 01 01 01 01 01 01 01 01 11 11 11 11 11 11 11 11 11 11 11 1
4 6 7 8 8 8 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0
9| 6] 2\ 0| 6| 6| l| 2\ 4\ 5\ 7\ 9\ 9\ 0| 0| 2| 3\ 4| 4| 4| 4| 4| 4| 4| 4

+ + + + + + + + + +. + + + + + + + + + + H. + + + +

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

X

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

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

+++++++++_+++++++++++++++

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

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

t t + t t + t t + + t t + t + ++++++++
+ + + + _ + + + + + + + + + + + + + + + + + + + +

+ + + + _ + + + + + + + + + + + _ + 4. + -i- + -i-- i - +
+++++++++++++++++++++++++

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

X X

X
X X+ + + + + + + + + _.,. + .». + + + + + + + + + + .,.+

X
X X X X X X X X X X

N N N N N N N N N N N N N N N N N N N N N N N N N
X X

X X X X+ + + + _ + + + + + + + + + + + _ + + + + + + + +

+ + + + + + + + + + + + + + + + + + + H. + + + + +
X

X

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

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

ANIMAL
NUMBER

WEEKS ON
STUDY

11 11 11 11 1
6 6 6 6 7
2| 7| »\ 9\ 0

11 11 1
7 7 7

5

11 11 11 11 11 11 1
7 7 7 8 8 8 8
7| 8| 9| 0| l| 2| 3

11 11 11 11
8 9 9 9
5\ 0\ l\ 1\

11 11 11 1
9 9 9 9
3\ 4| 5\ 6

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4| 4| 4 4| 4| 4| 4| 4| 4| 4| i| 4| <t| 4| 4] 4| 4| 4| 4| 4| 4 4| 4| 4| 4

TOTAL:
TISSUES
TUMORS

INTEGUMENTARY SYSTEM
Skin

Basal cell carcinoma
Subcutaneous tissue

Carcinoma, NOS, invasive
Fibrosarcoma

+ + + + + + + + + + + + -l- + + + + + + -(- + + + + +
X

•l- + -l--t- + + + + + + + + -l- + + + -l- + + + + + + + +

*50
1

•50
1
1

RESPIRATORY SYSTEM
Lungs and bronchi

Liposarcoma, metastatic
Trachea

+ + + •)• + + + + + + + + + + + + + + + + + + + + + 49
X 2

+ + + + + + - I - - I - - I - + + + + + + + + + + -I- + + + + + 49

-t- + + + + + -f- + + + + + + + + + -t- + + + + + + + + 50
+ + + + + + + + + + + + + + + + + + + + + + + + + 48
+ + + + + + + + + + + + + + + + + + + - t - - l - + + + -(- 49

42

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

+ + + + + + + + + + + + + + + + + + + + + + + + + 49
+ + + + -t- + + + + + + + + + -!--l- + -t- + + + + + + + 49

X X X 3
X X 2

+ + + + + + + + + + + + + + + + + + + + + + + - I - + 49
N N N N N N N N N N N N N N N N N N N N N N N N N * 5 0
+ + + + + + + + + + + + + + + + + + + + -I- + + + + 48

X 1
+ + + + + + + + + + + + + + + + + + + + + + + + + 48
+ -f + + + + + + + + + + -t- + + + + + + + + + + + + 48
•I- + -I- + + - I - - I - + + + + + - I - - I - + + + + + -I- + + -I- + -I- 47
-I- + + + + -I- + -I- + + + + + + + + + + + + + + + + + 49

+ + + + + + + + + + + + + + + + + + + + + + + + + 49
+ + + -I- + + + + + -I- + + + + + -I- + + + - I - - I - + + + + 48

H - - t - + -t- + + + + + + + + + + + + + -t- + + + + + + + 50
2

X X X X X X X X X X X X 2 2
+ + + + + + + + + + -I--I- + + - I - - I - - I - + + + + + + + + 48

X X 4
+ + + + + + + + + + + + + + + + + + + + + + + + + 49

X X X X X 6
X X 4

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

+ + + -f- + + + + + + + + + - l - - l - + -l- + + + + + + + + *50
1

X X X X X X X X 1 8
N N N N N N N N N N N N N N N N N N N N N N N N N *50

X 3
X 1

+ + + + + + + + + + + + + + + + + + + + + + + + + 49
X 1

x x x x x x 10
+ + + -l- + + + + + + -l- + + + + + + + + + + + + - t - + 48

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymua

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Neoplastic nodule
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Acinar cell adenoma

Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Pheochromocytoma

Thyroid
C-cell adenoma
C-cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenoma, NOS
Fibroadenoma

Preputtal/clitoralgland
Carcinoma, NOS
Adenoma, NOS

Uterus
Squamous cell carcinoma
Endometrial stromal polyp

Ovary

Brain
Carcinoma, NOS, invasive
Astrocytoma

50
1
1

SPECIAL SENSE ORGANS
Zymbal gland

Carcinoma, NOS
N N N N N N N N N N N N N N N N N N N N + N N N N

X
•50

3

ALL OTHER SYSTEMS
Multiple organs, NOS

Leukemia, mononuclear cell
N N N N N N N N N N N N N N N N N N N N N N N N N

X X X X X X X X X X
•50
21

• Animals Necropaied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTAKY SYSTEM
Skin
Squamous cell papilloma
Basal cell tumor

Subcutaneous tissue
Fibrosarcoraa
Fibrosarcoma, invasive
Myxosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Fibrosarcoma, metastatic

Trachea

HEMATOPOIET1U SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

Neurofibrosarcoma
Neurilemoma

DIGESTIVE SVb'l'EM
Salivary gland
Liver

Neoplastic nodule
Bile duct
Gallbladder & common bile duct
Pancreas
Acinar cell adenoma

Esophagus
Stomach
Small intestine
Large intestine

URINARY sVsTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocytoma

Thyroid
Follicular cell carcinoma
C-cell adenoma
C-cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Adenoma, NOS
Adenocarcinoma, NOS
Fibroadenoma

Preputial/clitoralgland
Carcinoma, NOS
Adenoma, NOS

Vagina
Papilloma, NOS
Fibrosarcoma

Uterus
Endometrial stromal polyp
Endometrial stromal sarcoma

Ovary

NERVOUS SYsTEM
Brain
Carcinoma, NOS, invasive

BODY CAVITIES
Mesentery
Endometrial stromal sarcoma, invasive

ALL OTHER SYsTEMs
Multiple organs, NOS
Mesothelioma,NOS
Leukemia, mononuclear cell

5 9 9 8 5 6 9 6 7 8 8 7 5 7 7 6 5 5 5 5
3\ l\ 7| 2| 4| 8 0| 6| 5| 9\ 4| 3\ l\ g| 9| 0| 2| 5 6\ 7

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 11 11 11 11 11
7 7 7 7 7 8 8 9 9 9 9 9 9 9 9 0 0 0 0 0
2| 5| 5| 6| 8| 6| 7| 3| 4| 4| 6\ 7| 8| 9| 9| 2\ 4| 4J 4| 4|

X
X

X

2 21 21 21 2
5 5 6 6 6
8 9| l| 2| 3

11 11 11 11 1
0 0 0 0 0
4J 4| 4| 4| 4

X

+ + + + +

X X

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

X

X
X X X X X

X
X

X X
X X

X

X X X X X X X X
N N N N N N N N N N N N N N N N N N N N

X

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

X

X X X
X

X

N N N N N N N N N N N N N N N N N N N N
X

N N N N N N N N N N N N N N N N N N N N
X

X X X X X X X X X

X X

N N N N N
+ + + + +

X X

X
N N N N N

N N N N N

X

N N N N N

N N N N N

X
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY
(Continued)

OF FEMALE RATS: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTAKK SYSTEM
Skin

Squamous cell papilloma
Basal cell tumor

Subcutaneous tissue
Fibroaarcoma
Fibroaarcoma, invasive
Myxosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Fibroaarcoma, metastatic

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

Neurofibrosarcoma
Neurilemoma

DIGESTIVE SYSTEM
Salivary gland
Liver

Neoplastic nodule
Bile duct
Gallbladder & common bile duct
Pancreas

Acinar cell adenoma
Esophagus
Stomach
Small intestine
Large intestine

URINARY sYsTEM
Kidney
Urinary bladder

ENDOCRINE sVsTMM
Pituitary
Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocytoma

Thyroid
Follicular cell carcinoma
C-cell adenoma
C-cell carcinoma

Parathyroid

REPRODUCTIVE aVaitM
Mammary gland
Adenoma, NOS
Adenocarcitwma, NOS
Fibroadenoma

Preputial/clitoralgland
Carcinoma, NOS
Adenoma, NOS

Vagina
Papilloma, NOS
Fibrosarcoma

Uterus
Endometrial stromal polyp
Endometrial stromal sarcoma

Ovary

NERVOUS SYSTEM
Brain
Carcinoma, NOS, invasive

BODY CAVITIES
Mesentery

Endometrial stromal sarcoma, invasive

ALL OTHER SYSTEMS
Multiple organs, NOS

Mesothelioma.NOS
Leukemia, mononuclear cell

21 21 21 21 21 21 21 21 21 2 2 2 21 21 2 21 21 21 2 21 21 21 21 21 3
6 6 6 6 7 7 7 7 7 7 8 8 8 8 8 8 8 9 9 9 9 9 9 9 0
4| 5| 7| 9| 0| l| 2| 4| 6| 7 0 1 3| 5| 6 7| 9\ 2\ 3 4| 5\ 6| 8\ 9| 0

11 11 11 11 11 11 11 11 11 11 11 11 1! 11 11 11 11 11 11 11 11 11 11 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4J 4\ 4| 4| 4| 4| 4J 4| 4| 4| 4| 4| 4J 4J 4] 4) 4| 4| 4| 4| 4| 4J 4| 4 4

+ + + + + + + + + + + + + + + .,. + + + + + + .,. + +
X X

X

X

X
X

X X X X X

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

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

X
X

X
X X X

X

X
X X

X X X X X X X X X X X X
N N N N N N N N N N N N N N N N N N N N N N N N N

X X
X

N N N N N N N N N N N N N N N N N N N N N N N N N
X

X X X X X X X

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

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

X X X X X X X X

TOTAL:
TISSUES
TUMORS

•50
2
1

•50
1
1
1

50
1
1

50

50
50
50
38

50
1
1

50
50
9

50
•50
49
1

50
50
50
49

50
49

50
1

24
50
2
2

50
1
5
3

47

•50
2
2

21
•50

3
1

•50
1
1

50
11
1

50

49
1

•50
1

•50
1

18

•Animals Necropsied
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 

IN MICE IN THE TWO-YEAR FEED STIJDIES 

OF DECABROMODIPHENYL OXIDlE 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Sarcoma, NOS 
Fibrosarcoma 

*Subcutaneous tissue 
Fibroma 
Fibrosarcoma 

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

1 (2%) 

3 (6%) 
6 (12%) 8 (16%) 10 (20%) 

(50) (50) (50) 

RESPIRATORY SYSTEM 
#Lung (50) (50) (50) 

Hepatocellular carcinoma, metastatic 2 (4%) 1 (2%) 1 (2%) 
Alveolar/bronchiolar adenoma 4 (8%) 1 (2%) 4 (8%) 
Alveolar/bronchiolar carcinoma 2 (4%) 4 (8%) 1 (2%) 
Fibrosarcoma, metastatic 1 (2%) 2 (4%) 1 (2%) 
Rhabdomyosarcoma, metastatic 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50) 

Malignant lymphoma, undiffer type 1 (2%) 
Malignant lymphoma, lymphocytic type 1 (2%) 2 (4%) 1 (2%) 
Malignant lymphoma, histiocytic type 2 (4%) 
Malignant lymphoma, mixed type 1 (2%) 1 (2%) 1 (2%) 
Granulocytic leukemia 2 (4%) 

Malignant lymphoma, undiffer type 1 (2%) 
Malignant lymphoma, mixed type 1 (2%) 

Fibrosarcoma, metastatic 1 (2%) 

Fibrosarcoma, metastatic 1 (2%) 

Kupffer cell sarcoma 1 (2%) 

Malignant lymphoma, mixed type 1 (2%) 

#Spleen (49) (50) (50)  

#Axillary lymph node (50) (49) (49) 

#Brachial lymph node (50) (49) (49) 

#Liver (50) (50) (50) 

#Jejunum (47) (50) (49) 

CIRCULATORY SYSTEM 
*Subcutaneous tissue (50) (50) (50) 

#Spleen (49) (50) (50) 

#Mesenteric 1. node (50) (49) (49) 

#Liver (50) (50) (50)  

Hemangioma 1 (2%) 

Hemangiosarcoma 1 (2%) 1 (2%) 

Hemangioma 1 (2%) 

Hemangioma 2 (4%) 
Hemangiosarcoma 1 (2%) 1 (2%) 2 (4%) 

DIGESTIVE SYSTEM 
#Liver (50) (50) (50)  

#Glandular stomach (49) (50) (50) 

Hepatocellular adenoma 4 (8%) 12 (24%) 12 (24%) 
Hepatocellular carcinoma 5 (10%) 14 (28%) 8 (16%) 

Adenomatous polyp, NOS 1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Forestomach 

#Duodenum 
Squamous cell papilloma 

Adenomatous polyp, NOS 

(49) 

(47) 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Adrenal 

Cortical adenoma 
# AdrenaUcapsule 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma 
Pheochromocytoma, malignant 

Follicular cell adenoma 
Follicular cell carcinoma 

Islet cell carcinoma 

#Thyroid 

#Pancreatic islets 

(50) 
3 (6%) 
1 (2%) 

1 (2%) 
(48) 

REPRODUCTIVE SYSTEM 

Carcinoma, NOS 

Interstitial cell tumor 

*Preputial gland 

#Testis 

(50) 

(50) 

(50) 

(50) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland 

Adenocarcinoma, NOS 
Papillary adenocarcinoma 

(50) 
1 (2%) 

(50) 

3 (6%) 

(50) 

MUSCULOSKELETAL SYSTEM 

Rhabdomyosarcoma 

Rhabdomyosarcoma 

"Muscle of back 

*Muscle of leg 

(50) 

(50) 

(50) 

(50) 

BODY CAVITIES 
*Mediastinum 

Fibrosarcoma, metastatic 
(50) (50) (50) 

1 (2%) 

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

Base of tail 

Hepatocellular carcinoma, metastatic 
Fibrosarcoma, metastatic 1 (2%) 

Fibroma 1 
Fibrosarcoma 1 

(50) 
1 (2%) 
1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

~~~ ~ ~~~ ~ ~ _ _ _  

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrfice 
Terminal sacrifice 

50 
29 

3 
18 

50 
14 
11 
25 

50 
19 
7 

24 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

21 
30 

8 
11 
17 
19 
4 
5 

37 36 
70 59 
20 18 
28 27 
31 28 
42 32 
3 5 
4 6 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
# #  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 IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

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

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue 

Fibrosarcoma 
Rhabdomyosarcoma 
Neurofibrosarcoma 

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

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

RESPIRATORY SYSTEM 
#Lung 

Adenocarcinoma, NOS, metastatic 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Papillary adenocarcinoma, metastatic 
Granulosa cell carcinoma, metastatic 
Pheochromocytoma, metastatic 
Osteosarcoma, metastatic 

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

1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, undiffer type 
Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 
Granulocytic leukemia 

Malignant lymphoma, undiffer type 

Malignant lymphoma, undiffer type 

#Spleen 

#Kidney 

(50) 

3 (6%) 
5 (10%) 
2 (4%) 
6 (12%) 

(50) 

(50) 
1 (2%) 

(50) (50) 
1 (2%) 
1 (2%) 
4 (8%) 1 (2%) 
2 (4%) 5 (10%) 
5 (10%) 11 (22%) 
1 (2%) 

(50) (50) 

(50) (50) 
1 (2%) 

CIRCULATORY SYSTEM 

Hemangioma 

Hemangioma 

#Liver 

#Uterus 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Osteosarcoma, metastatic 

Acinar cell carcinoma 

Squamous cell papilloma 

Squamous cell papilloma 

#Pancreas 

#Esophagus 

#Forestomach 

(50) 
7 (14%) 
7 (14%) 
1 (2%) 

1 (2%) 
(49) 

(50) 

(50) 
1 (2%) 

URINARY SYSTEM 

Osteosarcoma 
#Kidney (50) (50) (50) 

1 (2%) 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Anterior pituitary (40) (45) (49) 

Adenoma, NOS 8 (20%) 6 (13%) 6 (12%) 
#AdrenaUcapsule (48) (49) (50) 

#Adrenal medulla (48) (49) (50) 

#Periadrenal tissue (48) (49) (50) 

Neoplasm, NOS 1 (2%) 

Pheochromocytoma 1 (2%) 1 (2%) 
Pheochromocytoma, malignant 1 (2%) 

Adenocarcinoma, NOS, metastatic 1 (2%) 

Follicular cell adenoma 1 (2%) 3 (6%) 2 (4%) 
Follicular cell carcinoma 1 (2%) 
C-cell carcinoma 1 (2%) 

Adenoma, NOS 1 (2%) 

Islet cell adenoma 1 (2%) 
Islet cell carcinoma 1 (2%) 

#Thyroid (50) (50) (49) 

(28) (47) #Parathyroid (41) 

#Pancreatic islets (50) (48) (49) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (50) 

#Uterus (50) (50) (50) 
Adenocarcinoma, NOS 2 (4%) 1 (2%) 1 (2%) 

Adenocarcinoma, NOS 1 (2%) 
Papillary adenoma 1 (2%) 
Fibroma 1 (2%) 
Endometrial stromal polyp 3 (6%) 1 (2%) 

Papillary adenocarcinoma 1 (2%) 
Granulosa cell carcinoma 1 (2%) 
Teratoma, NOS 1 (2%) 

#Ovary (49) (50) (49) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland 

Carcinoma, NOS 
Adenoma, NOS 
Adenocarcinoma, NOS 
Papillary adenoma 
Papillary adenocarcinoma 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

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

Carcinoma, NOS, metastatic 1 (2%) 
. Acinar cell carcinoma, metastatic 1 (2%) 

Fibrosarcoma, metastatic 1 (2%) 
Rhabdomyosarcoma, metastatic 1 (2%) 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

_ _ _ _ ~  ~~ ~ ~~~ 

CONTROL (UNTR) LO W DOSE HIGH DOSE 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 

50 
19 
5 

26 

50 
16 
3 

31 

50 
16 
2 

32 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain-- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

benign or malignant 
Total uncertain tumors 

35 
54 
20 
23 
25 
31 
6 
6 

37 
54 
24 
28 
22 
25 

1 
1 

1 
1 

35 
60 
17 
22 
28 
37 
6 
7 

1 
1 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: UNTREATEI) CONTROL 

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

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

Skin 

Subcutaneous tissue 
Fibrosarcoma 

Fibrosarcoma 

Lungs and bronchi 
Hepatocellular carcinoma, metastatic 
Alveolarhronchiolar adenoma 
Alveolarhronchiolar carcinoma 
Fibrosarcoma, metastatic 

Trachea 

Bone marrow 
Spleen 

Lymph node8 

Thymus 

Heart 

Salivary gland 
Liver 

M 

Hemangiosarcoma 

Fibrosarcoma. metastatic 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangiosarcoma 

Bile duct 
Gallbladder 6 common bile duct 
Pancreas 

Small intestine 
Large intestine 

URINARY S 

:iY::r 
Kidney 
Urinary bladder 

Pituitary 
Adrenal 

Thyroid 
Parathyroid 

R E P R O D U ~  
Mammary gland 
Testis 
prostate 

Brain 

Harderian gland 

ALL O T P  
Multiple organs, NOS 

Fibrocamma, metastatic 
Malig. lym homa, lymphocytic type 
Mali antfymphoma, mixed type 

Base oytail 
Fibroma 

Cortical adenoma 
Pheochromocytoma 

M 

ANS 

Adenocarcinoma, NOS 

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ - + - + + + - - + - - + - - + - + + + - - + + +  

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + - + + + - + - + + + - + + - + + + - + + - +  

N N N N N N N N N N N N N N N N N N N + N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

+ : T k u e  Examined Microrcopically : No T k u e  Information Submitted _ .  . Required Tissue Not Examined Microscopically C : Necropsy, No Histology Due To Protocol 
X : Tumorlncidence A : Autolyei. 
N : Necropsy, No Autolysis, No Microscopic Examination M : Animal Miming 
S : AnimalMiasexed B : No Necropay Performed 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED 
CONTROL (Continued) 

ANiMAL 
NUMBER 

Skin 

Subcutaneous tissue 
Fibrosarcoma 

Fibrosarcoma 

Lungs and bronchi 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolarhronchiolar carcinoma 
Fibrosarcoma, metastatic 

Trachea 

Bone marrow 
S leen 

L mphnodes 

Thymur 

Heart 

Salivary gland 
Liver 

Lemangiosarcoma 

hbrosarcoma, metastatic 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangiosarcoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small intestine 
Large intestine 

Kidney 
Urinary bladder 

Pituitary 
Adrenal 

Thyroid 
Parathyroid 

E:$r 

Cortical adenoma 
Pheochromocytoma 

CTIVE SPsTFhi 
Mammary gland 
Testis 
Prostate 

Brain 

Harderian gland 
Adenocarcinoma. NOS 

ALL OTH S 
Multiple organs, NOS 

Fibrosarcoma, metastatic 
Malig. lyrn homa, lymphocytic type 
Mali an t  Yymphoma. mixed type 

Bass oYtai1 
Fibroma 

ANS 

- 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

Y 
I _  

Y 

x x  x x  
X X ._ . . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
- + - - + - - - + - - - - + - + - + - + + + + - +  

X 
X 

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

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

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

X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
~ 

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

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

N N N N N N N N N N N + N N N N N N N + N + N + N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

- 

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
- 

X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X 
X 

X 

*Animals Necropsied 

87 

TOTAL 

FISSUES 
VJMORS 

*50 
1 

*50 
6 

50 
2 
4 
2 
1 

50 

49 
49 

1 
50 

1 
25 

50 

50 
50 
4 
5 
1 

50 
'50 
48 
49 
49 
47 
49 

49 
50 

50 
49 

1 
1 

50 
38 

*50 
60 
50 

50 

*50 
1 

*50 
1 
1 
1 

1 
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TABLE B& INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE LOW DOSE 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 

Subcutaneous tiluue 
Sarcoma, NOS 
Fibroma 
Fibrourcoma 
Hemangioma 

Lungr and bronchi 
Heptoce l lSr  carcinoma, rnetmtatic 
Alvwhrhronchiolar adenoma 
Alvwhrhronchiolar cucinoma 
Fibrourcoma, metut.tic 

Trachea 

Bone marrow 
S loen 

tllrmangioruconu 
Mali. Iym homa, undiirpr 
M.li nt fymphoma. mucX&e 

L p&ee KFma.  me-tic 
Harrmnlpoma 

ngmu 

HeUt 

W v u y  gland 
Livrr 

HepatowUSr adenoma 
Hepatacellrrlar carcinonu 
Hemrseionu 
HlIlU&OU mM 

Bile duct 
Gallbladder (L common bilr duct 
p.WXOU 

Sdintortine 

Largemmtitlr 

ndnq 
Urinary bladder 

Pituitary 
A & e d  

?%%I. cell adenoma 

Parathyroid 
Pancreatic ideU 

22r 
ALaonutow polyp NOS 
Malipant lympho&a. mixed type 

M 

Cortial adenoma 
Ph+comocytoma 

FollicSr cell carcinoma 

I h t  cell carcinoma 

T& 
R0rt.t. 

1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1  
1 3 4 2 3 5 4 4  
8 4 5 8 0 0 1 3  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
X + - - - + - - - - + - - - - - + - - + - - - - - +  

X 

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

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

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

+ + N + + + + + + + + + + + + + + + + N + N + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

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

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

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

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

+ - - + + + + + - - + + - + + + + - + - + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
x x  

~ ~~ 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW IDOSE 
(Continued) 

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

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

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 

Subcutaneooru t k w  
Sarcoma, NOS 
Fibroma 
Fibro8arcoma 
Hemangioma 

Lunw and bronchi 
Hepatocellular carcinoma, metutatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrourcoma, metutatic 

Trachea 

Bone marrow 
S lean 

L mp%Leel 

Thymur 

eiemangiomrcoma 
Malig. lym homa, undfler t pe 
Mali antfymphoma, m i d t y p e  

kbrosarcoma, metsrt.tic 
Hemangioma 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangioma 
Hemangiosarcoma 

Bib duct 
Gallbladder L common bile duct 
Pancmu 

stomac 
Small intartino 

Largs inteatine 

Kidney 
Urinary bladder 

EWPh.ffur 

Adenomatooru polyp, NOS 
Malipant lymphoma, mixed type 

Pituitdry 
Adrenal 

?!E?& d adenoma 

Cortial  adenoma 
Pheochromocytoma 

Follicular cell carcinoma 

Idet cell carcinoma 

Parathy id 
Pancmatx d a t a  

RO8trta 

Brain 

Harderian gland 
Papillary adenocarcinoma 

Multiple organ#, NOS 
Maly. lymphoma, undiffer tppe 
Malig. lym homa. lymphocytic type 

Fibroureoma 

t Tymphoma, mixed type BZ'X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X _ _  . . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
x x  X 

X - 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X X X X 

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

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

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

X 

X 

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

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

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

X X .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + N + + + + + + + + + N + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

x x  x x x  x x x  

X 

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

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

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

X 

X X 
X X 

X X 

+ N N N N N N N + N N N N N N N N + N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X 

X 

TOTAL 

TISSUES 
TUMORS 

*50 
1 

*50 
3 
8 
1 

50 
1 
1 
4 
2 

50 

50 
50 

1 
1 
1 

49 
1 
1 

19 

50 

49 
50 
12 
14 
2 
1 

50 
*50 
48 
50 
50 
so 

1 
1 

47 

50 
50 

49 
50 

2 
2 

50 
3 
1 

38 
48 

1 

*so 
M) 
50 

50 

*so 
3 

'50 
1 
2 
1 

1 

A . W  Necropsied 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: HIGH DOSE 

ANIMAL 
NUMBER 

Hemangiosarcoma 
Kupffer cell sarcoma 

Bile duct 
Gallbladder &common bile duct 
Pancreas 

%%k 

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

Subcutaneous tissue 
Fibrosarcoma 

Lungs and bronchi 
Hepatocellular carcinoma, metastatic 
Alveolat/bronchrolar adenoma 
Alveolarhronchiolar carcinoma 
Fibrosarcoma, metastatic 
Rhabdomyoaarcoma, metastatic 

Trachea 

Bone marrow 
Spleen 

%5::Eodes 
Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
He~atoeellular carcinoma 

usmous cell papilloma 
&nomatous polyp, NOS 

Small inteatine 
Large intestine 

URINA~[VSPSFEM 

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
- + - + - + + + + + - - + + + + - + + + + + + + -  

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

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

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

X X X 

Kidney 
Urinary bladder 

WEEKS ON 
STUDY 

Pituitary 

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

Adrenal 
Adenoma, NOS 
Cortical adenoma 
Pheochromocytoma 
Pheochromocytoma, malignant 

Thyroid 
Follicular cell adenoma 

Parathyroid 

I 11 91 01 01 31 51 41 01 01 11 41 1, 21 31 61 31 31 31 01 11 21 51 61 7, 1 

Mammary gland 
Te~t ia  

Interstitial cell tumor 
Prostate 
PreputiaUclitoral gland 

Carcinoma. NOS 

Brain 

. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

I 

Multiple or am. NOS 
~ e p a t a c e f d a r  carcinoma, metastatic 
Fibrosarcoma, metastatic 
Malig. lymphoma, lymphocytic type 
Malig. lym h o w .  hiatigytie type 
hfalignant pymphoma, mmed type 
Granulocytic leukemia 

Muscle 
Rhabdomyosarcoma 

BODY CAVITIES 
Mediastinum 

Fibrosarcoma, metastatic 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH ;DOSE 
(Continued) 

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

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

x x  X X X 

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

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

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

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

x x  x x  x x  X 
X 

X 

X 
X 

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

ANIMAL 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ~  
NUMBER 

1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ,  

50 
50 
12 
8 
2 
1 

50 
'50 
47 
50 
50 

1 
1 

49 
50 

WEEKSON 
STUDY 

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

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

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

Subcutaneous tissue 
Fibrosarcoma 

Lungs and bronchi 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic 
Rhabdomyosarcoma, metastatic 

Trachea 

Bone marrow 
SDleen 

50 
50 

47 
50 

2 

- -  

L- mph node8 
Thymus 

M 
Muscle 

Rhabdomyoearcoma 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangioaarcoma 
Kupffer cell sarcoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

:i%%Y 
uamow cell papilloma 

%enomatow polyp. NOS 
Small intestine 
Large intestine 

Kidney 
Urinary bladder 

Pituitary 
Adrenal 

Adenoma, NOS 
Cortical adenoma 
Pheochromocytoma 
Pheochromocytoma. malignant 

Follicular cell adenoma 
Thyroid 

Parathyroid 

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

Mammarg gknd 
Tenth 

Interstitial cell tumor 
R0Stat.S 
PreputiaYclitoral gland 

Carcinoma, NOS 
M 

Brain 

Mediastinum 
Fibrosarcoma, metaatatic 

- -  1 Yo" I ++++++++++++i+i++++++i+++ - 1  X x x  

N N N N N N N N N N N N N N N N N N N N N N N N Y  

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

I X  X X 
X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
++----++-+-++++----+++i- i  

50 
1 
4 
1 
1 
1 

50 

50 
50 
49 
32 

I - 1 - 1  

1 5 0  I I ......................... 
. I  - 1 - 1  

1 - 1 - 1  

X I f  
......................... 

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

X X . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

X 

49 
'50 

1 

I .......................... 50 I 

Multiple or M, NOS 
Hepatocefiar carcinoma, metastatic 
Fibrosarcoma, metastatic 
Malig. lymphoma, lymphocytic typa 
Malig. lym homa, hiatmytic type 
Malignant fymphoma, mixed type 
Granulocytic leukemia 

N N N N N N N N N N N N N N N N N N N N N N N N I Y  

X 
X 

X 
X 

X 

*50 
1 
1 
1 
2 
1 
2 

*Animals Necropsied 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: UNTREATED CONTROL 

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

Subcutaneous tissue 
Rhabdomyosarcoma 
Neurofibrosarcoma 

Lungs and bronchi 
Adenocarcinoma, NOS, metastatic 
Hepatocellular carcinoma, metaatatic 
AlveolarIlIronchiolar adenoma 
AlveolarIlIronchiolar carcinoma 
Papillary adenocarcinoma, metastam 
Granulosa cell carcinoma. metastatic 
Pheochromocytoma, metistatic 

Trachea 

Bone marrow 
S leen 

&ali .lymphoma. undse r  type 
~ v m o b  node. 
TbyIilu 

Heart 

Salivary gland 
Liver -. - 

Hepatocellular sdenoma 
Heoatocehhr  carcinoma 

~i le 'duct  
Gallbladder k common bile duct 
Pancrew 
Esophagus 

Squamoua cell papilloma 
Stomach 
Small intestine 
Large intestine 

Kidney 
Urinary bladder 

Pituitary 
Adenoma, NOS 

Adrenal 
Pheochromocytoma, malignant 

Thyroid 
Follicular cell adenoma 
C-fell carcinoma 

Parathyroid 

M 
Mammary gland 

Adenocarcinoma, NOS 
Uterus 

Fibroma 
Hemangioma 

%Zulosa cell carcinoma 

Brain 

-ORGANS 
Harderian gland 

Adenoma, NOS 
Papillary adenoma 
Papillary adenocarcinoma 

ALL OTH-S 
Multi le organa, NOS 

~hapdomyosamma,  metaatatic 
Malig. lymphoma, undfler type 
Malig. lymphoma, lymphocytlc type 
Malig. lymphoma, hist~ocytic type 
Malignant lymphoma, mixed type 

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

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

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X X 
X X X 

+ : Tissue Examined Mieroscopically : No Tissue Information Submitted 
- : Required Tissue Not Examined Microscopically C : Necropsy, No Histology Due To Protocol 
X : Tumor Incidence A : Autolysia 
N : Necropay, No Autolysia, No Microscopic Examination M : Animal Missing 
S : Animal Miawxed B : No Necropay Performed 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: UNTREATED 
CONTROL (Continued) 

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

ANIMAL 
NUMBER 

1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 4 4 4 4 4 4 4  

WEEKS ON 
STUDY 

Subcutaneour tissue 
Rhabdomyoaareoma 
Neurofibroaarcoma 

Lunp and bronchi 
Adenocarcinoma, NOS, metaitatic 
Hepatocellular carcinoma, metastatic 
Alveolarbronchiolar adenoma 
Alveolarhronchiolar carcinoma 
Papillary adenocarcinoma. metartptic 
Cranulou cell carcinoma, metarhtic 
Pheochromocytoma, metaetatic 

Trachea 

Bone marrow 
S leen 

L p m d e i  

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder h common bile duct 
Pancrear 
Esophagur 

Stomach 
Small intestine 
Large inhitine 

Kidney 
Urinary bladder 

ba l i  lymphoma, undiffer type 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Squamour cell papilloma 

Pituitarg 

A d r e d  

Thymid 

Adenoma. NOS 
Pheochromocytoma. malignant 

Follicular cell adenoma 
C-eellalrcinoma 

Parathyroid 

M a m m u g  gland 

UbrrU 

Ovary 

Adenoareinoma, NOS 
Fibroma 
Henungioma 

Cranulotm cell carcinoma 

Brain 

Harderian gland 
Adenoma, NOS 
Papillary adenoma 
Papillary adenocarcinoma 

Etimgdomyoaarcoma, metartatic 
Malii. lymphoma. undiffer type 
Mahg. lymphoma, lymphocyUc type 
Malig. lym homa, hiatmytic type 
M.lignantpymphoma, mixed type 

ALLO- 
Multi L organa, NOS 

Aninulr Neeropaied 

- 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

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

X X X 
X 

X . . . . . . . . . . . . . . . . . . . . . . . . .  - 
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + + - + + + + + + + + - - - + - -  

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

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

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

X 

- 
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
~ 

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

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

X 

- 
X 

X - 
N N N N N N N N N N N N N N N N N N N N N N N N N  

X 

X 
X 

X 

X 
X 

X 
X X 

rOTAL 

'ISSUES 
'UMORS 

*50 
1 
1 

50 
1 
1 
4 
2 
1 
1 
1 

49 

50 
60 

1 
50 
31 

50 

49 
50 
5 
3 

50 
*50 
50 
50 

1 
50 
50 
50 

50 
50 

40 
8 

48 
1 

50 
1 
1 

41 

*50 
2 

50 
1 
1 

49 
1 

50 

'50 
1 
1 
2 

*50 
1 
3 
5 
2 
6 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: LOW DOSE 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Subcutaneoua tisaue 
Fibrosarcoma 
Neurofibrorarcoma 

RESPIRATORY SYSTl% 
Lungs and bronchi 

Trachea 

Bone marrow 
Spleen 
L mphnodes 
TKymua 

Heart 

Salivary gland 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Liver 
Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangioma 

Bile duct 
Gallbladder dr common bile duct 
Pancreas 

2%fY 
Squamoua cell papilloma 

Small inteatine 
Large inteatine 

Kidney 

Urinary h i d e r  

Pituitary 

Adrenal 

Thyroid 

Parathyroid 
Pancreatic ialeta 

M 

Malig. 1 m homa, undfler type 

Adenoma, NOS 
Pheochromocytoma 

Follicular cell adenoma 

Islet cell adenoma 

Mammary gland 
Adenocarcinoma. NOS 

Uterus 
Endometrial &toma1 polyp 

Teratoma. NOS 
Ovary 

Brain 

Multiple organa. NOS 
Fibrosarcoma metacltatic 
Malignant lymphoma, NOS 
Malig. lymphoma, unditrer type 
Malig. lymphoma, lymphocytic type 
Malig. l p  homa, hutmcytic type 
Malignant fymphoma, mixed type 
Grandmytic leukemia 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i  

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

X 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  + - + + + - - + - - - + + - - - + - + + - + + + +  

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . .  
x .R 

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
- + + + + + - - + - + + + - + + - - - - + + - + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

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

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

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

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

X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

1 1 1 1 1  

ANIMAL 
NUMBER 

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

WEEKSON 
STUDY 

Subcutaneous tissue 
Fibrosarcoma 
Neurofibrosarcoma 

Lungs and bronchi 

Trachea 

Bone marrow 
Spleen 
Lymph nodes 
Thymus 

Heart 

Salivary gland 
Liver 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangioma 

Bile duct 
Gallbladder 8 common bile duct 
Pancreas 

::::ffJd 
Squamoui cell papilloma 

Small intestine 
Large intestine 

u R m m Y S Y S T E M  
Kidney 

Urinary bladher 
Malig. lyni homa, undiffer type 

Pheochromocytoma 

Follicular cell adenoma 

Islet cell adenoma 

Thyroid 

Parathyroid 
Pancreatic islets 

M 
Mammary gland 

Uterus 

Ovary 

Adenocarcinoma. NOS 

Endometrial stromal polyp 

Teratoma, NOS 

Brain 

ALL 0- 
Multiple organr. NOS 

Fibmarcoma, metartatic 
Malignant lymphoma, NOS 
Malig. lymphoma, undiffer type 
Mal@. lymphoma, lymphoeytlc type 
Mahg. lym homa, hutmcmc type 
Malignant fymphoma, mixed type 
Granulocylic Ieukamia 

* Animal. Necropsied 

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

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

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

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

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

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

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

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

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

X X 
X 

X 

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
- + + - - + - + + - - + - + - + + - + - + + - - i s  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

X 

X 

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

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

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

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

X X 
X 

X 

TOTAL 

rISSUES 
rUMORS 

*50 
2 
1 

50 
2 
2 

50 

48 
50 
50 
34 

50 

49 
50 
10 
4 
1 

50 
*50 
48 
50 
50 

1 
49 
50 

50 
1 
48 

45 
6 

49 
1 

50 
3 

28 
48 

1 

*50 
1 

50 
3 

50 
1 

50 

*50 
1 
1 
1 
4 
2 
5 
1 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE: HIGH DOSE 

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

Subcutanemu tinw 
Fibrourcoma 

Lunga and bronchi 
Adenocarcinoma, NOS, m e t a h t i c  
Alveolarhronchiolnr adenoma 
Alvaolarhronchiolnr carcinoma 
Osbourwma, metastatic 

Trachea 

Bone marrow 
Spleen 

%-%de' 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
O O ~ O U W O ~ U ,  msbrtatic 

Bile duct 
Gallbladder 8 common bile duct 
Pancreu 

Acinar cell carcinoma 

Squmour cell papilloma 
:t?::iY 
Small inteetins 
L u g e  intertine 

Kidney 

Uruury bladder 

Pituituy 

A d r e d  

0!3teoMrComa 

Adenoma, NOS 
Nemplum, NOS 
Adenocarcinoma. NOS, metastatic 
Pheochromocytoma 

Thyroid 
Follicular cell adenoma 
Follicular cell carcinoma 

Parathyroid 
Adenoma, NOS 

Pancreatic uletr 
Idet  cell carcinoma 

Adenocarcinoma, NOS 
Adenocarcinoma, NOS 
Papillary adenoma 
Endomstrid rtromal polyp 

%&ry adenocarcinoma 

Brain 

Harderian gland 

UteNl  

AN9 

Carcinoma, NOS 
Adenocarcinoma, NOS 
Papillary adenocarcinoma 

Carcinoma N&. metastatic 
ACW cellkrcinoma, metastatic 
Malig. lymphoma, lpmphoqtic type 
Ma%, lym homa, W ~ s y t ~ c  type 
Makgrunt fymphoma. mred type 

Multiple organa NOS 

2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 '  

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

~ 

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

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

X 
X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  + + - - + + + + - - - + - + - - - + + + + + + + +  
~~ 

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

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

X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + N + + + N N N + + + + + N + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

X 

X 

X 

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
~~ 

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

N N N N N N N N N N N N N N N N N N N N N N N ~ N  
X 

X 
X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X 

X X 
X 

X 
X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

M 
Subcutaneous tiasue 

Fibromrcoma 

Lunge and bronchi 
Adenocarcinoma. NOS. metastatic 
Alvwlarhronchiolar adenoma 
Alvwlarhronchiolar carcinoma 
Ostsoaarcoma, metastatic 

Trachea 

~ A T O P O ~  
Bone marrow 
Spleen 
L mphnodes 
d y m u s  

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Acinar cell carcinoma 

:,::t" 
Squamous cell papilloma 

Small intestine 
Large intestine 

Kidney 
Oatmaamma 

Urinary bladder 

Pituitary 
Adenoma, NOS 

Adrenal 
Neoplasm. NOS 
Adenwarcinoma. NOS, metaatatic 
Phsoehromocytoma 

Thyroid 
Follicular cell adenoma 
Follicular cell carcinoma 

Parathymid 
Adenoma. NOS 

Pancreatic irletr 
lalet cell carcinoma 

M 
Mammary gland 

Adonoarcinoma, NOS 
Utanu 

Ademcarcinoma NOS 
Papillary adenozh 
Endometrial stromal polyp 

%Zlary adenocarcinoma 

Brain 

ANS 
Harderian gland 

Carcinoma NOS 
~denwarc&oma, NOS 
Papillary adeaocarcinoma 

Multiple organa NOS 
Carcinoma, NOS, metastatic 
Acinar cell carcinoma, me tuh t i c  
Malig. lymphoma, lymphwytic type 
Malig. lym homa, hiatmytic type 
 aligna ant Yymphoma, mired type 

(Continued) 

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

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

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

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

- 

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

TOTAL 
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN RATS IN THE TWO-YEAR FEED STUDIES 

OF DECABROMODIPHENYL OXIDE 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALIE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
"Skin (50) (50) (50) 

*Subcutaneous tissue (50) (50) (50) 
Hyperkeratosis 2 (4%) 

Epidermal inclusion cyst 1 (2%) 
Hematoma, NOS 1 (2%) 
Hematoma, organized 1 (2%) 

RESPIRATORY SYSTEM 
#Trachea (50) (50)  (49) 

#Lung/bronchiole (50) (50) (49) 

#Lung (50) (50) (49) 

Inflammation, suppurative 1 (2%) 
Inflammation, acute suppurative 1 (2%) 

Hyperplasia, NOS 1 (2%) 
Hyperplasia, focal 1 (2%) 

Bronchiectasis 1 (2%) 
Congestion, NOS 4 (8%) 2 (4%) 5 (10%) 
Edema, NOS 1 (2%) 2 (4%) 
Hemorrhage 1 (2%) 2 (4%) 3 (6%) 
Inflammation, focal 2 (4%) 4 (8%) 2 (4%) 
Inflammation, multifocal 3 (6%) 1 (2%) 3 (6%) 
Inflammation, diffuse 1 (2%) 1 (2%) 
Inflammation, acute focal 3 (6%) 
Inflammation, acute suppurative 1 (2%) 1 (2%) 
Abscess, NOS 1 (2%) 
Pneumonia, chronic murine 1 (2%) 
Inflammation, chronic 35 (70%) 43 (86%) 42 (86%) 
Fibrosis, focal 1 (2%) 
Necrosis, focal 1 (2%) 1 (2%) 
Pigmentation, NOS 2 (4%) 
Alveolar macrophages 1 (2%) 
Hyperplasia, alveolar epithelium 2 (4%) 2 (4%) 1 (2%) 

Pigmentation, NOS 1 (2%) 
#Lung/alveoli (50) (50) (49) 

HEMATOPOIETIC SYSTEM 
#Bone marrow 

Congestion, NOS 
Hemorrhage 
Hypoplasia, NOS 
Hyperplasia, NOS 
Myelofibrosis 

Congestion, NOS 
Fibrosis, focal 
Fibrosis, multifocal 
Fibrosis, diffuse 
Necrosis, NOS 
Necrosis, focal 
Metamorphosis, fatty 
Hematopoiesis 

#Splenic follicles 
Atrophy, NOS 

#Spleen 

(50)  
1 (2%) 

1 (2%) 
2 (4%) 

(49) 

4 (8%) 

(50) 

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

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

1 (2%) 

1 (2%) 

(50) 

(50) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALIC RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Mandibular lymph node 

Congestion, NOS 
Necrosis, NOS 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Mediastinal lymph node 
Congestion, NOS 
Hemorrhage 
Pigmentation, NOS 
Atrophy, NOS 
Erythrophagocytosis 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Pancreatic lymph node 
Hyperplasia, reticulum cell 

#Mesenteric lymph node 
Hemorrhage 
Abscess, NOS 
Atrophy, NOS 
Erythrophagocytosis 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

Pigmentation, NOS 
Erythrophagocytosis 
Hyperplasia, lymphoid 

Pigmentation, NOS 
Hyperplasia, lymphoid 

Leukocytosis, NOS 

Leukocytosis, NOS 
Hematopoiesis 

Congestion, NOS 
Hyperplasia, lymphoid 

#Renal lymph node 

#Iliac lymph node 

#Lung 

#Liver 

#Thymus 

CIRCULATORY SYSTEM 
*Multiple organs 

Thrombosis, NOS 
Periarteritis 

#Bone marrow 
Thrombosis, NOS 

#Mandibular lymph node 
Lymphangiectasis 

#Mediastinal lymph node 
Lymphangiectasis 

#Mesenteric lymph node 
Lymphangiectasis 

#Lung 
Thrombosis, NOS 
Thrombus, fibrin 

Thrombosis, NOS 
Inflammation, chronic 
Fibrosis 
Degeneration, NOS 

#Heart 

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

1 (2%) 
4 (8%) 6 (12%) 13 (27%) 

(50) (50) (49) 
3 (6%) 1 (2%) 

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

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

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

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

26 (52%) 4 (8%) 19 (39%) 
1 (2%) 1 (2%) 1 (2%) 

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

1 (2%) 

1 (2%) 
1 (2%) 

(50) (50) (49) 

(50) (50) (49) 

(50) (50) (49) 

(50) (501 (49) 

(47) (40) (44) 

1 (2%) 

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

1 (3%) 
1 (2%) 

(50) 

2 (4%) 

(50)  
1 (2%) 

(50) 

(49) 

(49) 

(49) 

(49) 

2 (4%) 

1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 

(49) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

CIRCULATORY SYSTEM (Continued) 
#Heart/atrium 

Thrombosis, NOS 
Fibrosis 

Thrombosis, NOS 

Mineralization 
Inflammation, acute focal 
Inflammation, chronic 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Fibrosis 
Necrosis, focal 

*Coronary artery 
Inflammation, chronic 

*Mediastinal artery 
Inflammation, chronic 

*Superior pancreatico-duodenal artery 
Inflammation, chronic 

*Vena cava 
Thrombosis, NOS 

#Liver 
Thrombosis, NOS 

#Hepatic sinusoid 
Pigmentation, NOS 

#Testis 
Periarteritis 

#Adrenal medulla 
Thrombosis, NOS 

#Headventricle 

#Myocardium 

(50) 
3 (6%) 

(50)  

(50) 

1 (2%) 
1 (2%) 

27 (54%) 
9 (18%) 
1 (2%) 
1 (2%) 

1 (2%) 
(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(47) 

(49) 

1 (2%) 

2 (4%) 

2 (4%) 

2 (4%) 

(50) 
11 (22%) 
1 (2%) 

1 (2%) 

2 (4%) 

(50) 

(50) 

(49) 
6 (12%) 

25 (51%) 
17 (35%) 
3 (6%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(49) 

(49) 

(49) 

(49) 

9 (18%) 

DIGESTIVE SYSTEM 
#Salivary gland 

Necrosis, focal 
Atrophy, focal 
Hyperplasia, diffuse 

Hernia, NOS 
Congestion, NOS 
Spongiosis 
Hemorrhage 
Hematoma, NOS 
Inflammation, chronic 
Granuloma, NOS 
Fibrosis, focal 
Hepatitis, toxic 
Degeneration, NOS 
Degeneration, cystic 
Necrosis, focal 
Necrosis, coagulative 
Metamorphosis, fatty 
Pigmentation, NOS 
Focal cellular change 
Hepatocytomegaly 
Atrophy, focal 
Regeneration, NOS 

#Liver 

8 (16%) 
10 (20%) 
2 (4%) 
9 (18%) 
2 (4%) 
8 (16%) 
4 (8%) 

21 (42%) 

2 (4%) 

(50) 

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

3 (6%) 
5 (10%) 
1 (2%) 

13 (26%) 
16 (32%) 
2 (4%) 
5 (10%) 

13 (26%) 
4 (8%) 

25 (50%) 
2 (4%) 

2 (4%) 

(48) 

1 (2%) 

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

12 (24%) 
21 (43%) 
1 (2%) 
9 (18%) 

11 (22%) 
10 (20%) 
27 (55%) 

1 (2%) 
2 (4%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALlE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Liver/centrilobular 

Degeneration, NOS 
Necrosis, NOS 
Necrosis, coagulative 
Cytoplasmic vacuolization 
Hepatocytomegaly 

#Bile duct 
Inflammation, chronic 
Fibrosis 
Hyperplasia, NOS 

#Pancreas 
Ectopia 
Dilatatiodducts 
Hemorrhage 
Atrophy, NOS 
Atrophy, focal 
Atrophy, diffuse 

#Pancreatic duct 
Hyperplasia, NOS 

#Esophagus 
Dilatation, NOS 
Hyperkeratosis 

Mineralization 
Ulcer, NOS 

#Glandular stomach 
Embryonal rest 
Mineralization 
Hemorrhage 
Ulcer, NOS 
Inflammation, acute diffuse 
Necrosis, focal 
Hyperplasia, diffuse 

Embryonal rest 
Mineralization 
Ulcer, NOS 
Inflammation, chronic 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Perforation, inflammatory 
Fibrosis 
Necrosis, focal 
Hyperkeratosis 
Acanthosis 

#Large intestine 
Parasitism 

#Colon 
Inflammation, suppurative 
Parasitism 
Necrosis, NOS 

Edema, NOS 
Inflammation, acute focal 
Inflammation, acute diffuse 
Abscess, NOS 
Necrosis, NOS 
Necrosis, focal 

#Stomach 

#Forestomach 

#Cecum 

(50) 
1 (2%) 

(60) 
17 (34%) 
5 (10%) 
29 (58%) 

1 (2%) 
1 (2%) 

(49) 

7 (14%) 

(49) 

(50) 

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

1 (2%) 
1 (2%) 

(49) 

7 (14%) 

(49) 
1 (2%) 

2 (4%) 

1 (2%) 

2 (4%) 

(47) 

(47) 

(47) 

(49) 

1 (2%) 

1 (2%) 

6 (12%) 
I1 (22%) 
25 (51%) 

(49) 

(49) 

1 (2%) 

9 (18%) 
4 (8%) 

(49) 

(49) 

(49) 

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

1 (2%) 
9 (18%) 

(49) 

1 (2%) 

4 (8%) 
2 (4%) 

5 (10%) 
1 (2%) 
5 (10%) 

1 (2%) 

1 (2%) 

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

1 (2%) 

(48) 

(48) 

(48) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

URINARY SYSTEM 
#Kidney 

Hamartoma 
Mineralization 
Congestion, NOS 
Hemorrhage 
Nephropathy 
Necrosis, coagulative 
Infarct, acute 
Pigmentation, NOS 

RKidneylcortex 
Cyst, NOS 
Multiple cysts 

# Kidneykubule 
Necrosis, focal 
Pigmentation, NOS 

#Urinary bladder 
Hemorrhage 

~ 

ENDOCRINE SYSTEM 
#Pituitary 

Congestion, NOS 
#Anterior pituitary 

Cyst, NOS 
Hemorrhage 
Hemorrhagic cyst 
Necrosis, focal 
Pigmentation, NOS 
Hyperplasia, focal 
Angiectasis 

Metamorphosis, fatty 

Fibrosis 

Congestion, NOS 
Metamorphosis, fatty 
Cytoplasmic vacuolization 
Hypertrophy, focal 
Hyperplasia, focal 

#Adrenal medulla 
Hemorrhage 
Pigmentation, NOS 
Hyperplasia, focal 

Ultimobranchial cyst 
Cyst, NOS 
Cystic follicles 
Follicular cyst, NOS 
Pigmentation, NOS 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

Hyperplasia, NOS 

Hyperplasia, focal 

#Adrenal 

#Adrenal/capsule 

#Adrenal cortex 

#Thyroid 

#Parathyroid 

#Pancreatic islets 

2 (4%) 
1 (2%) 

45 (94%) 
1 (2%) 

(48) 

(47) 

2 (4%) 
35 (73%) 

1 (2%) 

(50) 

(50) 
3 (6%) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 
6 (12%) 
3 (6%) 

(49) 

(49) 

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

(49) 
1 (2%) 

11 (22%) 

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

12 (24%) 
1 (2%) 

16 (33%) 

3 (6%) 

(50) 

(49) 

(49) 

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

46 (92%) 

1 (2%) 

4 (8%) 
(50) 

(50)  

12 (24%) 

1 (2%) 
(48) 

(50)  

(50) 
1 (2%) 

2 (4%) 

1 (2%) 

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

1 (2%) 

1 (2%) 

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

(50) 

(50) 

(50)  

(50) 

12 (24%) 
(49) 

3 (6%) 

6 (12%) 

(48) 

(50)  
7 (15%) 

(49) 

1 (2%) 

47 (96%) 

1 (2%) 

(49) 

(49) 

(49) 

1 (2%) 

13 (27%) 

1 (2%) 

1 (2%) 

1 (2%) 
6 (12%) 

1 (2%) 

3 (6%) 

(49) 

(49) 

2 (4%) 

10 (21%) 
(47) 

(49) 
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TABLE Cl.  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALlE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (50) 

Dilata tiodducta 8 (16%) 1 (2%) 3 (6%) 
Galactocele 2 (4%) 1 (2%) 
Hyperplasia, diffuse 1 (2%) 

Dilatatiodducts 1 (2%) 4 (8%) 2 (4%) 
Abscess, NOS 2 (4%) 3 (6%) 1 (2%) 
Inflammation, chronic 1 (2%) 1 (2%) 
Hyperplasia, NOS 1 (2%) 1 (2%) 
Hyperplasia, epithelial 1 (2%) 
Hyperplasia, focal 1 (2%) 
Hyperplasia, diffuse 1 (2%) 
Hyperkeratosis 1 (2%) 1 (2%) 1 (2%) 

Hemorrhage 1 (2%) 
Inflammation, suppurative 1 (2%) 1 (2%) 
Inflammation, acute 1 (2%) 
Inflammation, acute focal 1 (2%) 
Abscess, NOS 8 (17%) 3 (6%) 4 (8%) 
Inflammation, active chronic 2 (4%) 1 (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic focal 8 (17%) 3 (6%) 4 (8%) 
Hyperplasia, epithelial 5 (11%) 2 (4%) 6 (12%) 
Hyperplasia, focal 3 (6%) 

Dilatatiodducts I (2%) 
Cyst, NOS 1 (2%) 
Inflammation, suppurative 1 (2%) 

Mineralization 1 (2%) 
Granuloma, spermatic 1 (2%) 
Degeneration, NOS 6 (13%) 4 (8%) 2 (4%) 
Aspermatogenesis 1 (2%) 1 (2%) 
Spermatogenic arrest 1 (2%) 
Hypospermatogenesis 1 (2%) 3 (6%) 
Hyperplasia, interstitial cell 5 (11%) 8 (16%) 6 (12%) 

*Preputial gland (50) (50)  (50) 

#Prostate (47) (49) (49) 

*Seminal vesicle (50)  (50) (50) 

#Testis (47) (50)  (49) 

*Epididymis (50) (50) (50) 
Granuloma, spermatic 1 (2%) 
Necrosis, fat 1 (2%) 1 (2%) 

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

Hemorrhage 1 (2%) 3 (6%) 
Necrosis, focal 2 (4%) 
Necrosis, lamellar 1 (2%) 

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

Cyst, NOS 1 (2%) 

#Cerebellum (50) (50) (60) 

#Medulla oblongata (50) (50) (50)  

SPECIAL SENSE ORGANS 
*Eye (50)  (50) (50) 

Synechia, anterior 1 (2%) 
Cataract 3 (6%) 1 (2%) 2 (4%) 
Phthisis bulbi 1 (2%) 
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TABLE ci. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

SPECIAL SENSE ORGANS (Continued) 
*Eye/cornea 

Inflammation, acute focal 
Inflammation, chronic 
Inflammation, chronic diffuse 
Necrosis, focal 

Degeneration, NOS 

Abscess, NOS 

*Eye/retina 

*Zymbal gland 

MUSCULOSKELETAL SYSTEM 
*Skull 

*Sternum 

*Muscle of neck 

Exostosis 

Fracture, NOS 

Fibrosis, focal 
Degeneration, NOS 

BODY CAVITIES 
*Mediastinum 

Edema, NOS 
*Abdominal cavity 

Necrosis, fat 

(50) (50) (50) 

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

3 (6%) 3 (6%) 6 (12%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Di1atatiordduct.a 
Congestion, NOS 
Inflammation, suppurative 
Inflammation, chronic 
Pigmentation, NOS 

Edema, NOS 
Inflammation, chronic 
Inflammation, chronic focal 

Adipose tissue 

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

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

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

1 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
AL Number of animals examined microscopically a t  this site 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODLPHENYL OXIDE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

Hyperplasia, focal 
Acanthosis 

*Subcutaneous tissue 
Edema, NOS 
Necrosis, fat 

*Skin (50) 

(50) 
1 (2%) 

RESPIRATORY SYSTEM 
*Tracheal lumen 

#Trachea 

#Lung 

Foreign body, NOS 

Inflammation, suppurative 

Congestion, NOS 
Hematoma, organized 
Inflammation, focal 
Inflammation, multifocal 
Pneumonia, aspiration 
Inflammation, acute diffuse 
Abscess, NOS 
Inflammation, chronic 
Necrosis, focal 
Pigmentation, NOS 
Hyperplasia, alveolar epithelium 

HEMATOPOIETIC SYSTEM 

Hyperplasia, NOS 

Hemorrhage 
Pigmentation, NOS 
Hemosiderosis 
Depletion, lymphoid 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 
Hematopoiesis 

#Splenic capsule 
Inflammation, NOS 

#Splenic follicles 
Atrophy, NOS 

#Mandibular lymph node 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Mediastinal lymph node 
Hemorrhage 
Pigmentation, NOS 
Depletion, lymphoid 
Erythrophagocytosis 
Hyperplasia, reticulum cell 

#Pancreatic lymph node 
Pigmentation, NOS 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Bone marrow 

#Spleen 

(50) 

(49) 

(49) 
3 (6%) 
1 (2%) 
5 (10%) 

40 (82%) 
1 (2%) 

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

44 (88%) 
1 (2%) 

1 (2%) 

(50) 

(49) 

(50) 

(48) 
2 (4%) 

1 (2%) 
22 (46%) 
1 (2%) 
1 (2%) 
4 (8%) 
1 (2%) 

24 (50%) 
(48) 

(48) 

(49) 

(49) 

1 (2%) 

3 (6%) 

1 (2%) 
3 (6%) 

3 (6%) 
2 (4%) 

(49) 

1 (2%) 

(50) 

(50) 
1 (2%) 

18 (36%) 

1 (2%) 
1 (2%) 

17 (34%) 
(50) 

(50) 

(50) 
1 (2%) 
3 (6%) 

(50) 

4 (8%) 

3 (6%) 
1 (2%) 

1 (2%) 

1 (2%) 

(50) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Mesenteric lymph node 

Hemorrhage 
Pigmentation, NOS 
Depletion, lymphoid 
Erythrophagocytosis 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Renal lymph node 
Hemorrhage 
Pigmentation, NOS 

Leukocytosis, NOS 
Hematopqiesis 

Hematopoiesis 

#Liver 

#Adrenal 

(49) 
1 (2%) 

1 (2%) 

23 (47%) 
1 (2%) 

(49) 

(50) 

2 (4%) 
22 (44%) 

(50) 

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

1 (2%) 
(50) 

CIRCULATORY SYSTEM 
#Mandibular lymph node 

Lymphangiectasis 
#Mesenteric lymph node 

Lymphangiectasis 
#Heart 

Mineralization 
Inflammation, chronic 
Fibrosis 

#Headatr ium 
Thrombosis, NOS 

#Myocardium 
Mineralization 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Fibrosis 
Degeneration, NOS 

Hyperplasia, NOS 

Inflammation, chronic 

*Pulmonary artery 

*Mesenteric artery 

DIGESTIVE SYSTEM 

Hyperkeratosis 

Inflammation, chronic 
Fibrosis, diffuse 
Atrophy, NOS 
Atrophy, focal 

Hernia, NOS 
Congestion, NOS 
Hemorrhage 
Inflammation, chronic 
Granuloma, NOS 
Fibrosis, focal 
Hepatitis, toxic 
Necrosis, focal 
Metamorphosis, fatty 
Pigmentation, NOS 
Focal cellular change 
Hepatocytomegaly 
Angiectasis 

'Tongue 

#Salivary gland 

#Liver 

(50) 

(49) 

(49) 
1 (2%) 

1 (2%) 
20 (41%) 
11 (22%) 
2 (4%) 

(50)  

(50) 
1 (2%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

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

23 (46%) 
1 (2%) 
4 (8%) 
2 (4%) 
9 (18%) 

16 (32%) 
37 (74%) 
2 (4%) 
2 (4%) 

1 (2%) 

4 (8%) 
2 (4%) 

1 (2%) 
13 (27%) 

6 (12%) 
2 (4%) 
5 (10%) 
8 (16%) 

32 (65%) 
1 (2%) 

(49) 

(50)  

(50) 

17 (34%) 
1 (2%) 
6 (12%) 
5 (10%) 
4 (8%) 
5 (10%) 

31 (62%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Liver/centrilobular (50) (49) (50) 

Necrosis, coagulative 1 (2%) 
Cytoplasmic vacuolization 1 (2%) 

Cytoplasmic vacuolization 1 (2%) 

Inflammation, chronic 5 (10%) 3 (6%) 2 (4%) 
Fibrosis 1 (2%) 
Hyperplasia, NOS 4 (8%) 8 (16%) 4 (8%) 

Ectopia 1 (2%) 
Hemorrhage 1 (2%) 
Atrophy, focal 8 (16%) 8 (17%) 11 (22%) 
Atrophy, diffuse 2 (4%) 1 (2%) 

Hyperplasia, focal 2 (4%) 

Hyperkeratosis 2 (4%) 1 (2%) 

Ulcer, NOS 1 (2%) 4 (8%) 
Inflammation, chronic diffuse 1 (2%) 
Necrosis, focal 1 (2%) 
Amyloidosis 1 (2%) 

Edema, NOS 1 (2%) 
Ulcer, NOS 1 (2%) 
Inflammation, chronic diffuse 1 (2%) 
Necrosis, focal 3 (6%) 4 (8%) 4 (8%) 
Hyperkeratosis 1 (2%) 
Acanthosis 1 (2%) 

Hemorrhage 1 (2%) 
Inflammation, chronic focal 2 (4%) 
Inflammation, chronic diffuse 1 (2%) 
Necrosis, focal 3 (6%) 1 (2%) 
Hyperkeratosis 1 (2%) 1 (2%) 1 (2%) 
Acanthosis 3 (6%) 1 (2%) 3 (6%) 

Diverticulum 1 (2%) 

Hemorrhage 1 (2%) 1 (2%) 
Necrosis, focal 1 (2%) 1 (2%) 

#Liver/hepatocytes (50) (49) (50) 

#Bile duct (50) (49) (50) 

#Pancreas (49) (48) (49) 

#Pancreatic acinus (49) (48) (49) 

#Esophagus (50) (48) (50) 

#Stomach (49) (48) (50) 

#Glandular stomach (49) (48) (50) 

#Forestomach (49) (48) (50) 

#Small intestine (49) (47) (50) 

#Cecum (49) (49) (49) 

URINARY SYSTEM 
#Kidney (50) (49) (50) 

Mineralization 1 (2%) 1 (2%) 
Congestion, NOS 1 (2%) 1 (2%) 
Abscess, NOS 1 (2%) 
Nephropathy 42 (84%) 44 (90%) 49 (98%) 
Metamorphosis, fatty 1 (2%) 
Pigmentation, NOS 1 (2%) 

Cyst, NOS 1 (2%) 

Mineralization 1 (2%) 
Necrosis, focal 2 (4%) 
Pigmentation, NOS 43 (86%) 35 (71%) 39 (78%) 

Distention 1 (2%) 

# Kidneykortex (50) (49) (50) 

IKidneyltubule (50) (49) (50) 

#Urinary bladder (49) (48) (49) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 

Cyst, NOS 
Hemorrhage 
Hyperplasia, focal 
Angiectasis 

#Anterior pituitary 
Cyst, NOS 
Multiple cysts 
Hemorrhage 
Hemorrhagic cyst 
Pigmentation, NOS 
Hyperplasia, focal 
Angiectasis 

Congestion, NOS 
Infarct, NOS 
Metamorphosis, fatty 

#Adrenal cortex 
Accessory structure 
Congestion, NOS 
Degeneration, NOS 
Necrosis, focal 
Metamorphosis, fatty 
Pigmentation, NOS 
Cytoplasmic vacuolization 
Hyperplasia, focal 

Hyperplasia, focal 

Fibrosis 

Cystic follicles 
Hyperplasia, C-cell 

Hyperplasia, NOS 

#Pituitary 

#Adrenal 

#Adrenal medulla 

#Periadrenal tissue 

#Thyroid 

#Parathyroid 

(50) 

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

12 (24%) 
2 (4%) 
1 (2%) 
1 (2%) 
2 (4%) 
3 (6%) 
2 (4%) 

1 (2%) 

1 (2%) 

1 (2%) 
3 (6%) 

(50) 

(50) 

(50) (48) 

1 (2%) 

(50) 
1 (2%) 

(50) 
11 (22%) 
1 (2%) 

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

1 (2%) 
1 (2%) 

(50) 

(50) 

1 (2%) 
2 (4%) 

10 (20%) 
1 (2%) 

4 (8%) 

1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 

(50) 

(50) 

(50) 

(47) 

REPRODUCTIVE SYSTEM 
'Mammary gland 

Dilatatiodducts 
Galactocele 

'Clitoral gland 
Dilatatiodducts 
Cystic ducts 
Inflammation, suppurative 
Inflammation, acute focal 
Abscess, NOS 
Fibrosis, diffuse 
Hyperplasia, NOS 

Hydrometra 
Hemorrhage 
Pyometra 
Inflammation, acute focal 
Fibrosis 
Pigmentation, NOS 

#Cervix uteri 
Cyst, NOS 
Abscess, NOS 
Fibrosis 

#Uterus 

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

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

1 (2%) 

(49) 

(49) 

6 (12%) 

(50) 
4 (8%) 

1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 
~ ~~ ~ ~ ~~~~~ ~~ ~~ ~ ~ 

REPRODUCTIVE SYSTEM (Continued) 
XUterdendometrium (49) (49) (50) 

#Ovary (48) (48) (50) 

#Ovary/follicle (48) (48) (50) 

Cyst, NOS 1 (2%) 
Hyperplasia, cystic 2 (4%) 4 (8%) 4 (8%) 

Cyst, NOS 1 (2%) 2 (4%) 4 (8%) 

Hyperplasia, NOS 1 (2%) 

NERVOUS SYSTEM 
#Cerebrum (49) (50) (49) 

#Brain (49) (50) (49) 

#Cerebral basal surface (49) (50) (49) 

#Cerebellum (49) (50) (49) 

Hemorrhage 2 (4%) 
Cytoplasmic vacuolization 1 (2%) 

Hemorrhage 2 (4%) 
Necrosis, NOS 1 (2%) 

Compression, NOS 1 (2%) 

Hemorrhage 2 (4%) 
Necrosis, focal 1 (2%) 

SPECIAL SENSE ORGANS 
*Eye (50) (50) (50)  

Hemorrhage 2 (4%) 
Pannus 1 (2%) 
Synechia, posterior 3 (6%) 3 (6%) 1 (2%) 
Cataract 8 (16%) 8 (16%) 1 (2%) 
Phthisis bulbi 1 (2%) 

Inflammation, NOS 1 (2%) 
Inflammation, acute 1 (2%) 

Degeneration, NOS 5 (10%) 15 (30%) 1 (2%) 

Granuloma, NOS 1 (2%) 

*Eye/cornea (50) (50) (50) 

*Eye/retina (50) (50) (50) 

*Harderian gland (50) (50) (50) 

MUSCULOSKELETAL SYSTEM 
*Skull 

*Sternum 
Exostosis 

Exostosis 

(50) (50) (50) 

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

5 (10%) 3 (6%) 5 (10%) 

BODY CAVITIES 
*Abdominal cavity 

Necrosis, fat 
*Mesentery 

Fibrosis 
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TABLE ca. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

~ 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
*Multiple organs 

Congestion, NOS 
Inflammation, chronic 
Pigmentation, NOS 

Inflammation, chronic focal 
Adipose tissue 

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

1 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN MICE IN THE TWO-YEAR FEED STUDIES 

OF DECABROMODIPHENYL OXIDE 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

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

50 
50 
50 

50 
50 
50 

~ ~ 

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

Edema, NOS 1 (2%) 
Ulcer, NOS 3 (6%) 2 (4%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic focal 1 (2%) 
Fibrosis 1 (2%) 
Parasitism 1 (2%) 
Hyperkeratosis 1 (2%) 
Acanthosis t 4  (8%) 4 (8%) 3 (6%) 
Metaplasia, osseous 1 (2%) 

Epidermal inclusion cyst 1 (2%) 
Edema, NOS 1 (2%) 1 (2%) 
Abscess, NOS 2 (4%) 1 (2%) 1 (2%) 
Inflammation, chronic 1 (2%) 

*Subcutaneous tissue (50) (50) (50) 

RESPIRATORY SYSTEM 
#Lung (50) (50) (50) 

Atelectasis 1 (2%) 
Congestion, NOS 19 (38%) 13 (26%) 17 (34%) 
Edema, NOS 1 (2%) 
Hemorrhage 1 (2%) 

Infection, fungal 1 (2%) 
Alveolar macrophages 1 (2%) 6 (12%) 2 (4%) 
Hyperplasia, alveolar epithelium 1 (2%) 2 (4%) 2 (4%) 

Inflammation, chronic 22 (44%) 34 (68%) 27 (54%) 

HEMATOPOIETIC SYSTEM 
#Brain 

#Bone marrow 
Leukocytosis, NOS 

Leukemoid reaction 
Hyperplasia, hematopoietic 
Hyperplasia, granulocytic 

Congestion, NOS 
Necrosis, focal 
Atrophy, NOS 
Leukemoid reaction 
Hyperplasia, hematopoietic 
Hyperplasia, lymphoid 
Hematopoiesis 

#Lymph node 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Congestion, NOS 
Infection, fungal 
Hyperplasia, lymphoid 

#Mediastinal lymph node 
Hyperplasia, lymphoid 

#Hepatic lymph node 
Hyperplasia, lymphoid 

#Spleen 

(50) 

(49) 
7 (14%) 
9 (18%) 
1 (2%) 

(49) 

5 (10%) 

1 (2%) 
11 (22%) 

(50) 

(50) 

3 (6%) 
(50) 

(50) 
1 (2%) 
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(50) 

(50) 
1 (2%) 

2 (4%) 
12 (24%) 

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

8 (16%) 

1 (2%) 

2 (4%) 

8 (16%) 

1 (2%) 

(50) 

(49) 

(49) 

(49) 

(49) 

(50) 

(50) 
1 (2%) 
9 (18%) 
1 (2%) 

2 (4%) 

2 (4%) 

10 (20%) 

1 (2%) 

1 (2%) 
9 (18%) 

1 (2%) 

(50) 

(49) 

(49) 

(49) 

(49) 



TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MAlLE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Mesenteric lymph node (50) (49) (49) 

Congestion, NOS 6 (12%) 16 (33%) 13 (27%) 
Hemorrhage 2 (4%) 1 (2%) 
Angiectasis 1 (2%) 3 (6%) 2 (4%) 
Leukocytosis, NOS 1 (2%) 2 (4%) 2 (4%) 
Leukemoid reaction 1 (2%) 
Plasmacytosis 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 3 (6%) 2 (4%) 

Hyperplasia, lymphoid 6 (12%) 2 (4%) 

Necrosis, focal 1 (2%) 

Hyperplasia, lymphoid 1 (2%) 1 (2%) 

Hyperplasia, lymphoid 1 (2%) 

Hyperplasia, lymphoid 3 (6%) 1 (2%) 1 (2%) 

Hyperplasia, lymphoid 1 (2%) 

Leukocytosis, NOS 8 (16%) 7 (14%) 4 (8%) 

Leukocytosis, NOS 2 (4%) 2 (4%) 1 (2%) 

Leukocytosis, NOS 2 (4%) 1 (2%) 3 (6%) 
Leukemoid reaction 1 (2%) 1 (2%) 
Hematopoiesis 1 (2%) 

Leukocytosis, NOS 1 (2%) 

Leukocytosis, NOS 1 (2%) 

Cyst, NOS 1 (5%) 3 (9%) 
Congestion, NOS 1 (4%) 

#Renal lymph node (50) (49) (49) 

#Iliac lymph node (50) (49) (49) 

#Axillary lymph node (50) (49) (49) 

#Brachial lymph node (50) (49) (49) 

#Inguinal lymph node (50) (49) (49) 

#Popliteal lymph node (50) (49) (49) 

#Lung (50) (50) (50) 

#Heart (50) (50) (50) 

#Liver (50) (50) (50) 

Hyperplasia, lymphoid 15 (30%) 5 (10%) 4 (8%) 

#Kidney (49) (50) (50) 

#Adrenal (49) (50) (50) 

#Thymus (25) (19) (32) 

- 
CIRCULATORY SYSTEM 

*Subcutaneous tissue (50) (50) (50) 

#Heart (50) (50) (50) 
Periarteritis 1 (2%) 

Distention 4 (8%) 1 (2%) 
Thrombosis, NOS 2 (4%) 1 (2%) 
Thrombus, mural 1 (2%) 
Congestion, NOS 1 (2%) 
Inflammation, suppurative 2 (4%) 1 (2%) 
Inflammation, acute 1 (2%) 
Inflammation, chronic 6 (12%) 3 (6%) 5 (10%) 
Fibrosis, focal 1 (2%) 
Bacterial septicemia 1 (2%) 

Thrombosis, NOS 2 (4%) 3 (6%) 3 (6%) 

Thrombosis, NOS 2 (4%) 1 (2%) 

Mineralization 2 (4%) 2 (4%) 
Inflammation, suppurative 1 (2%) 
Abscess, NOS 1 (2%) 
Fibrosis 1 (2%) 
Degeneration, NOS 1 (2%) 

#HearVatrium (50) (50) (50) 

#Heart/ventricle (50) (50) (50) 

#Myocardium (50) (50) (50) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

CIRCULATORY SYSTEM (Continued) 
#Endocardium 

#Cardiac valve 

*Aorta 

Inflammation, NOS 

Inflammation, active chronic 

Thrombosis, NOS 
Inflammation, active chronic 

Inflammation, NOS 
Periarteritis 

Inflammation, NOS 

Thrombosis, NOS 

Thrombosis, NOS 

Periarteritis 

*Superior pancreaticoduodenal artery 

*Renal artery 

*Portal vein 

#Liver 

#Prostate 

(50) 
1 (2%) 

DIGESTIVE SYSTEM 
#Salivary gland 

Edema, NOS 
Inflammation, chronic 

Congestion, NOS 
Hemorrhage 
Inflammation, suppurative 
Inflammation, chronic 
Inflammation, chronic focal 
Granuloma, NOS 
Fibrosis 
Necrosis, NOS 
Necrosis, focal 
Necrosis, coagulative 
Infarct, NOS 
Metamorphosis, fatty 
Hepatocytomegaly 

#Liver/centrilo bular 
Necrosis, NOS 
Necrosis, focal 
Hypertrophy, NOS 

#Liverkepatocytes 
Necrosis, NOS 
Cytoplasmic vacuolization 
Focal cellular change 

*Gallbladder 
Distention 

#Bile duct 
Dilatation, NOS 

#Pancreas 
Congestion, NOS 
Edema, interstitial 
Inflammation, chronic 
Atrophy, NOS 

#Pancreatic acinus 
Hypertrophy, NOS 

#Esophagus 
Inflammation, acute 

#Liver 

(50) 

11 (22%) 

7 (14%) 
2 (4%) 

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

3 (6%) 
7 (14%) 

2 (4%) 
1 (2%) 

(50) 

(50) 

(48) 

(49) 

(49) 

12 (24%) 

7 (14%) 

1 (2%) 
1 (2%) 

22 (44%) 
1 (2%) 
1 (2%) 
6 (12%) 
1 (2%) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

(48) 

(50) 

(50) 
1 (2%) 
8 (16%) 

10 (20%) 
(50) 

I (2%) 
12 (24%) 
1 (2%) 
2 (4%) 
6 (12%) 

2 (4%) 

1 (2%) 
(50) 

2 (4%) 
32 (64%) 

5 (10%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

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

(47) 

(50) 
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TABLE DI. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE riv THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Stomach 

Mineralization 
Ulcer, NOS 
Ulcer, acute 
Keratin pearl formation 

Ulcer, NOS 
Hyperplasia, epithelial 

#Gastric submucosa 
Cyst, NOS 

#Forestomach 
Ulcer, NOS 
Hyperkeratosis 
Acanthosis 

#Glandular stomach 

(49) 

1 (2%) 
1 (2%) 

(49) 
3 (6%) 

(49) 

(49) 
1 (2%) 

1 (2%) 

(50) 
1 (2%) 

1 (2%) 

2 (4%) 
(50) 

(50) 

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

(50) 

1 (2%) 

(50) 
3 (6%) 
3 (6%) 

(50) 

(50) 
1 (2%) 
3 (6%) 
4 (8%) 

URINARY SYSTEM 

Ectopia 
Mineralization 
Cyst, NOS 
Congestion, NOS 
Pyelonephritis, NOS 
Inflammation, suppurative 
Glomerulonephritis, membranous 
Pyelonephritis, acute 
Inflammation, acute 
Inflammation, acute focal 
Abscess, NOS 
Inflammation, chronic 
Inflammation, chronic focal 
Fibrosis, focal 
Necrosis, NOS 
Necrosis, focal 
Infarct, NOS 
Pigmentation, NOS 

# Kidneykortex 
Cyst, NOS 
Necrosis, focal 
Cytoplasmic vacuolization 

# Kidneykub ule 
Dilatation, NOS 
Cytoplasmic vacuolization 

Dilatation, NOS 
Inflammation, suppurative 

Distention 
Inflammation, suppurative 
Inflammation, chronic 

#Kidney 

# Kidney/pelvis 

+Ureter 

(49) (50) 
1 (2%) 
3 (6%) 2 (4%) 

1 (2%) 
10 (20%) 9 (18%) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 

32 (65%) 
2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

3 (6%) 
1 (2%) 

(49) 

(49) 
2 (4%) 

23 (47%) 

2 (4%) 
1 (2%) 

3 (6%) 

1 (2%) 

(49) 

(50) 

117 

41 (82%) 

1 (2%) 
2 (4%) 

(50) 
1 (2%) 

(50) 
2 (4%) 

32 (64%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

1 (2%) 

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

11 (22%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

41 (82%) 

1 (2%) 

(50) 
6 (12%) 

1 (2%) 

2 (4%) 
31 (62%) 

(50) 

(50) 

(50) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 
~~~~~ ~ ~~~~ 

URINARY SYSTEM (Continued) 
#Urinary bladder 

Calculus, microscopic examination 
Dilatation, NOS 
Distention 
Congestion, NOS 
Edema, NOS 
Hemorrhage 
Inflammation, suppurative 
Inflammation, acute 
Inflammation, acute focal 
Inflammation, acute diffuse 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis, diffuse 
Necrosis, NOS 
Hyperplasia, epithelial 

#Urinary bladder/submucosa 
Edema, NOS 

*Urethra 
Inflammation, acute 

ENDOCRINE SYSTEM 

Cyst, NOS 
Congestion, NOS 

#Anterior pituitary 
Cyst, NOS 

#Adrenal 
Congestion, NOS 

# AdrenaVcapsule 
Hyperplasia, NOS 

#Adrenal cortex 
Ectopia 
Congestion, NOS 
Hypertrophy, focal 

Hyperplasia, NOS 
Hyperplasia, focal 

Cyst, NOS 
Colloid cyst 
Congestion, NOS 
Inflammation, chronic 
Hyperplasia, follicular cell 

#Thyroid follicle 
Crystals, NOS 

#Pancreatic islets 
Hyperplasia, NOS 

#Pituitary 

#Adrenal medulla 

#Thyroid 

(50) (50) 
1 (2%) 

10 (20%) 1 (2%) 
1 (2%) 3 (6%) 

1 (2%) 
2 (4%) 

1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 

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

(50) 

(49) 

(49) 

(49) 

1 (2%) 

22 (45%) 

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

1 (2%) 

3 (6%) 

28 (56%) 

(49) 

(50) 

(50) 

(50) 

8 (16%) 2 (4%) 

1 .(2%) 

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

1 (2%) 1 (2%) 
2 (4%) 10 (20%) 

3 (6%) 

(49) (50) 

(50 )  (50) 

(50) (50) 

(48) (48) 

(50) 

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

1 (2%) 
1 (2%) 

1 (2%) 

(50) 

(47) 
3 (6%) 
2 (4%) 

3 (6%) 

2 (4%) 

28 (56%) 

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

1 (2%) 
1 (2%) 

1 (2%) 

(47) 

(50) 

(50) 

(50) 

(50 1 

(50) 

19 (38%) 
(50) 

(47) 
2 (4%) 

REPRODUCTIVE SYSTEM 
*Penis 

Hemorrhage 
Inflammation, suppurative 
Inflammation, chronic diffuse 
Necrosis, NOS 
Acanthosis 

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

1 (2%) 
1 12%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE: MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

(50) 
2 (4%) 

1 (2%) 

REPRODUCTIVE SYSTEM (Continued) 
*Prepuce (50) (50) (50) 

Hemorrhage 1 (2%) 
Inflammation, suppurative 2 (4%) 
Inflammation, acute 1 (2%) 1 (2%) 
Inflammation, acute diffuse 1 (2%) 
Abscess, NOS 1 (2%) 
Inflammation, chronic focal 1 (2%) 
Necrosis, NOS 1 (2%) 
Hyperkeratosis 1 (2%) 
Acanthosis 1 (2%) 1 (2%) 

Dilatation, NOS 2 (4%) 
Dilatatiodducts 2 (4%) 
Cyst, NOS 2 (4%) 
Cystic ducts 2 (4%) 
Hemorrhage 1 (2%) 
Inflammation, suppurative 5 (10%) 
Abscess, NOS 3 (6%) 
Inflammation, active chronic 
Inflammation, chronic 1 (2%) 
Hyperplasia, diffuse 1 (2%) 
Hyperkeratosis 1 (2%) 
Metaplasia, squamous 1 (2%) 

Congestion, NOS 1 (2%) 
Inflammation, suppurative 1 (2%) 
Inflammation, acute 2 (4%) 
Inflammation, acute focal 
Inflammation, acute diffuse 2 (4%) 
Abscess, NOS 3 (6%) 
Inflammation, active chronic 1 (2%) 
Inflammation, chronic 2 (4%) 

*Preputial gland (50) (50) 

#Prostate (50) 

*Seminal vesicle (50) 
Mineralization 
Distention 6 (12%) 
Retention ofcontent 1 (2%) 
Cyst, NOS 4 (8%) 
Inflammation, suppurative 
Inflammation, acute 1 (2%) 
Inflammation, acute focal 1 (2%) 
Inflammation, acute diffuse 
Inflammation, active chronic 
Inflammation, chronic 1 (2%) 
Fibrosis 
Necrosis, fat 

Distention 1 (2%) 
Inflammation, suppurative 1 (2%) 
Inflammation, acute 
Fibrosis 

Mineralization 1 (2%) 
Congestion, NOS 
Inflammation, suppurative 1 (2%) 
Granuloma, spermatic 2 (4%) 
Fibrosis 1 (2%) 
Aspermatogenesis 1 (2%) 
Hypospermatogenesis 
Hyperplasia, interstitial cell 1 (2%) 

*Coagulating gland (50 )  

#Testis (50) 

3 (6%) 
5 (10%) 
4 (8%) 

(50) 

2 (4%) 

1 (2%) 

3 (6%) 

(50) 

2 (4%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

2 (4%) 

1 (2%) 
2 (4%) 
5 (10%) 
3 (6%) 

(49) 

2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
5 (10%) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 

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

(50) 

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

(48) 

1 (2%) 

1 (2%) 
4 (8%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM (Continued) 
*Epididymis (50) (50) (50) 

Inflammation, suppurative 1 (2%) 
Inflammation, active chronic 1 (2%) 

Granuloma, spermatic 3 (6%) 2 (4%) 
Aspermatogenesis 1 (2%) 1 (2%) 
Hypospermatogenesis 1 (2%) 

Inflammation, chronic 1 (2%) 2 (4%) 6 (12%) 

NERVOUS SYSTEM 
#Brain 

Cyst, NOS 
Congestion, NOS 
Hemorrhage 
Infection, fungal 
Malacia 

SPECIAL SENSE ORGANS 
*Ear 

Inflammation, suppurative 
(50) (SO) (50) 

1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
*Multiple organs 

Congestion, NOS 
Amyloidosis 

Tail 
Exostosis 

Adipose tissue 
Cyst, NOS 

1 

1 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 1 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses exmimined microscopically. 
# Number of animals examined microscopically a t  this site 
t Multiple occurrence of morphology in the same organ. Tissue is counted once only. 

Decabromodiphenyl Oxide, NTP TR 309 120 



TABLE DB. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE 

~ ~ ~~~ 

HIGH DOSE CONTROL (UNTR) LOW DOSE 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue 

Edema, NOS 
Abscess, NOS 

(50) (50) 

1 (2%) 

(50) 
1 (2%) 

RESPIRATORY SYSTEM 
*Nose 

Inflammation, suppurative 
Infection, bacterial 

Congestion, NOS 
Hemorrhage 
Pneumonia, aspiration 
Inflammation, suppurative 
Pneumonia, chronic murine 
Inflammation, chronic 
Fibrosis, focal 
Bacterial septicemia 
Infection, bacterial 
Alveolar macrophages 
Hyperplasia, alveolar epithelium 

#Lung 

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

15 (30%) 
(50) 

1 (2%) 
37 (74%) 

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

(50) (50) 

(50) (50) 
9 (18%) 14 (28%) 

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

33 (66%) 42 (84%) 
1 (2%) 

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

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

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Bone marrow 

Leukocytosis, NOS 
Leukemoid reaction 

Congestion, NOS 
Leukemoid reaction 
Hyperplasia, hematopoietic 

Necrosis, NOS 
Leukemoid reaction 
Hyperplasia, lymphoid 
Hematopoiesis 

#Splenic capsule 
Inflammation, NOS 
Inflammation, suppurative 
Abscess,NOS 

#Lymph node 
Angiectasis 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Congestion, NOS 
Necrosis, NOS 
Angiectasis 
Hyperplasia, lymphoid 

#Mediastinal lymph node 
Congestion, NOS 
Inflammation, suppurative 
Leukocytosis, NOS 
Hyperplasia, lymphoid 

#Pancreatic lymph node 
Congestion, NOS 
Necrosis, NOS 

#Spleen 

(50) 
2 (4%) 

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

13 (26%) 
(50) 

7 (14%) 
1 (2%) 
5 (10%) 

1 (2%) 
1 (2%) 

(50) 

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

3 (6%) 
(50) 

5 (10%) 

1 (2%) 

1 (2%) 
5 (10%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 

1 (2%) 
(48) 

3 (6%) 
5 (10%) 

(50) 

3 (6%) 
2 (4%) 
7 (14%) 

(50) 

1 (2%) 

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

1 (2%) 
(50) 

1 (2%) 
10 (20%) 

(50) 

4 (8%) 
(50) 

(50) 

(50) 

6 (12%)  
9 (18%) 

1 (2%) 
6 (12%) 

10 (20%) 

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

(50) 

(50) 

(50) 

5 (10%) 

1 (2%) 
1 (2%) 

12 (24%) 

1 (2%) 
4 (8%) 

9 (18%) 

(50) 

(50) 

(50) 
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TABLE D2. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Mesenteric lymph node 

Congestion, NOS 
Hemorrhagic cyst 
Inflammation, suppurative 
Inflammation, active chronic 
Necrosis, NOS 
Angiectasis 
Leukocytosis, NOS 
Hyperplasia, lymphoid 

#Renal lymph node 
Congestion, NOS 
Necrosis, focal 
Angiectasis 
Hyperplasia, lymphoid 

#Iliac lymph node 
Angiectasis 
Hyperplasia, lymphoid 

Leukocytosis, NOS 

Leukocytosis, NOS 

Leukocytosis, NOS 
Leukemoid reaction 
Hematopoiesis 

Hyperplasia, lymphoid 

Hyperplasia, lymphoid 

Hyperplasia, lymphoid 

Leukocytosis, NOS 
Leukemoid reaction 
Hematopoiesis 

Leukemoid reaction 

Cyst, NOS 
Inflammation, acute 
Necrosis, NOS 
Hyperplasia, lymphoid 

#Lung 

#Heart 

#Liver 

#Peyers patch 

#Kidney 

#Ovary/parovarian 

#Adrenal 

#Adrenal cortex 

#Thymus 

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

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

(50) 

1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 

7 (14%) 

1 (2%) 

3 (6%) 
6 (12%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(49) 

(48) 

1 (2%) 

(48) 

(31) 
1 (2%) 

1 (3%) 
1 (3%) 

2 (6%) 

(50) 
2 (4%) 

1 (2%) 

3 (6%) 

1 (2%) 

2 (4%) 

1 (2%) 
2 (4%) 

(50) 

(50) 

(50) 

(50) 
8 (16%) 

(50) 

3 (6%) 
3 (6%) 

(49) 

(50) 

(50) 

(49) 

1 (2%) 

1 (2%) 
3 (6%) 

(49) 

(34) 
1 (3%) 

(50) 
3 (6%) 

1 (2%) 
1 (2%) 
4 (8%) 
1 (2%) 
9 (18%) 

1 (2%) 
(50) 

2 (4%) 
(50) 

CIRCULATORY SYSTEM 
#Lymph node 

Thrombosis, NOS 
#Mesenteric lymph node 

Thrombosis, NOS 
#Heart 

Inflammation, suppurative 
Inflammation, acute 
Inflammation, chronic 

Inflammation, suppurative 

Thrombosis, NOS 

Thrombosis, NOS 

Inflammation, acute 
Infection, bacterial 

#Base of heart 

#Heart/atrium 

#Heart/ventricle 

#Myocardium 

(50) 

(50) 

(50) 

2 (4%) 
4 (8%) 

1 (2%) 

7 (14%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
(50) 

4 (8%) 
(50) 

(50) 

(50) 

(50) 

5 (10%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMAlLE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

CIRCULATORY SYSTEM (Continued) 
*Cerebral artery 

*Superior pancreaticoduodenal artery 

*Uterine artery 

#Liver 

#Uterus 

#Adrenal 

Infection, bacterial 

Thrombosis, NOS 

Inflammation, NOS 

Thrombosis, NOS 

Thrombosis, NOS 

Thrombosis, NOS 

(50) 

(49) 

DIGESTIVE SYSTEM 
#Salivary gland 

#Liver 
Inflammation, chronic 

Congestion, NOS 
Hemorrhage 
Inflammation, suppurative 
Inflammation, chronic 
Granuloma, NOS 
Necrosis, NOS 
Necrosis, focal 
Infarct, NOS 
Metamorphosis, fatty 
Cytoplasmic vacuolization 
Angiectasis 

#Hepatic capsule 
Inflammation, NOS 
Inflammation, suppurative 

#Liver/centrilobular 
Necrosis, focal 

#Liver/hepatocytes 
Necrosis, NOS 
Cytoplasmic vacuolization 
Focal cellular change 

Inflammation, acute 
Necrosis, NOS 

*Gallbladder/serosa 
Inflammation, suppurative 

#Pancreas 
Cyst, NOS 
Inflammation, suppurative 
Inflammation, active chronic 
Inflammation, chronic 
Necrosis, fat 

#Pancreatic acinus 
Inflammation, active chronic 

#Esophagus 
Inflammation, acute 

#Stomach 
Ulcer, NOS 
Ulcer, acute 

Cyst, NOS 
Ulcer, NOS 
Hyperplasia, epithelial 

*Gallbladder 

#Glandular stomach 

(49) 

(50) 
11  (22%) 

7 (14%) 

23 (46%) 

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

2 (4%) 
(50) 

1 (2%) 
(50) 

(50) 

1 (2%) 

I (2%) 
1 (2%) 

4 (8%) 

1 (2%) 

5 (10%) 
2 (4%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

1 (2%) 
(50) 

5 (10%) 

123 

(49) 

(50) 
12 (24%) 

6 (12%) 

1 (2%) 
2 (4%) 

27 (54%) 
1 (2%) 
3 (6%) 

(50) 

(48) 

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

(50) 

(50) 

(50) 
13 (26%) 

9 (18%) 
1 (2%) 

1 (2%) 
24 (48%) 
4 (8%) 
3 (6%) 

2 (4%) 
(50) 

(50) 

(49) 
1 (2%) 
1 (2%) 
2 (4%) 
3 (6%) 
1 (2%) 

1 (2%) 
(49) 

(50) 

(50) 
1 (2%) 

(50) 
1 (2%) 
6 (12%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Gastric submucosa (50) (50) (50) 

#Gastric serosa (50) (50) (50) 

#Forestomach (50) (50) (50) 

Cyst, NOS 3 (6%) 

Inflammation, suppurative 1 (2%) 

Inflammation, NOS 1 (2%) 
Ulcer, NOS 1 (2%) 
Inflammation, acute 3 (6%) 
Inflammation, acute focal 1 (2%) 2 (4%) 
Inflammation, active chronic 1 (2%) 
Inflammation, chronic 1 (2%) 1 (2%) 1 (2%) 
Erosion 3 (6%) 
Hyperkeratosis 5 (10%) 8 (16%) 6 (12%) 
Acanthosis 9 (18%) 8 (16%) 6 (12%) 

#Small intestine /serosa (50) (49) (50) 

#Duodenum (50) (49) (50) 

#Duodenal serosa (50) (49) (50) 

#Colonic serosa (50) (50) (49) 

Inflammation, chronic 1 (2%) 

Ulcer, NOS 1 (2%) 

Inflammation, NOS 1 (2%) 

Inflammation, suppurative 1 (2%) 

URINARY SYSTEM 

Ectopia 
Mineralization 
Hydronephrosis 
Congestion, NOS 
Pyelonephritis, NOS 
Inflammation, chronic 
Infection, bacterial 
Glomerulosclerosis, NOS 
Infarct, healed 
Hyperplasia, tubular cell 

# Kidney/capsule 
Inflammation, active chronic 

#Kidney/interstitium 
Abscess, NOS 

# Kidneykortex 
Cyst, NOS 

#Renal papilla 
Inflammation, suppurative 
Necrosis, NOS 

Dilatation, NOS 

Inflammation, acute 
Inflammation, active chronic 
Inflammation, chronic 

#Urinary bladder/serosa 
Necrosis, NOS 

#Kidney 

#Kidney/tubule 

#Urinary bladder 

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

10 (20%) 
1 (2%) 

41 (82%) 
1 (2%) 
3 (6%) 
1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 
(50) 

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

(50) 

(50) 
1 (2%) 

8 (16%) 

42 (84%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(48) 

2 (4%) 

1 (2%) 
(48) 

ENDOCRINE SYSTEM 

Congestion, NOS 
Angiectasis 

#Pituitary (40) (45) 
4 (10%) 2 (4%) 

1 (2%) 

(50) 
1 (2%) 

1 (2%) 
9 (18%) 

47 (94%) 

1 (2%) 

1 (2%) 
(50) 

(50) 

(50) 

(50) 
1 (2%) 

1 (2%) 

(50) 

(49) 
1 (2%) 

4 (8%) 
(49) 

(49) 
2 (4%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

~ ~ ~ ~~~~~ -~ ~~ ~~ 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 
#Anterior pituitary 

Cyst, NOS 
Congestion, NOS 
Hyperplasia, NOS 
Hyperplasia, focal 
Angiectasis 

Congestion, NOS 
Abscess, NOS 
Hyperplasia, NOS 

Inflammation, NOS 
Inflammation, active chronic 
Hyperplasia, NOS 
Hyperplasia, focal 

#Adrenal cortex 
Cyst, NOS 
Congestion, NOS 
Cytoplasmic vacuolization 
Hypertrophy, focal 
Hypertrophy, diffuse 
Hyperplasia, NOS 
Hyperplasia, focal 

Inflammation, suppurative 

Colloid cyst 
Inflammation, chronic 
Hyperplasia, focal 
Hyperplasia, follicular cell 

#Thyroid follicle 
Crystals, NOS 

#Adrenal 

#Adrenal/capsule 

#Periadrenal tissue 

#Thyroid 

(40) 
2 (5%) 
1 (3%) 
6 (15%) 
2 (5%) 
6 (15%) 

2 (4%) 

1 (2%) 

(48) 

(48) 

1 (2%) 
33 (69%) 

1 (2%) 
(48) 

3 (6%) 
3 (6%) 

(45) 
3 (7%) 

11 (24%) 

13 (29%) 
(49) 

1 (2%) 

(49) 

36 (73%) 
1 (2%) 

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

(49) 

(49) 

(50) 

3 (6%) 

9 (18%) 

1 (2%) 
(50) 

(49) 
1 (2%) 
2 (4%) 
13 (27%) 

9 (18%) 

1 (2%) 
(50) 

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

39 (78%) 

(50) 
1 (2%) 
1 (2%) 
3 (6%) 
1 (2%) 
6 (12%) 

(50) 

(49) 
1 (2%) 

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

(49) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Galactocele 
Inflammation, active chronic 

Hemorrhagic cyst 
Inflammation, suppurative 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis 
Necrosis, fat 

#Uterine serosa 
Abscess, NOS 

#Uterus/endometriurn 
Hyperplasia, cystic 

#Fallopian tube 
Inflammation, suppurative 

#Ovary/parovarian 
Inflammation, active chronic 

#Ovary 
Mineralization 
Cyst, NOS 
Parovarian cyst 
Congestion, NOS 
Hemorrhagic cyst 

#Uterus 

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

(50) 

8 (16%) 
1 (2%) 

(49) 

(49) 

7 (14%) 
15 (31%) 

2 (4%) 

125 

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

(50) (50) 
1 (2%) 

4 (8%) 12 (24%) 

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

(50) 

(50) 

(501 

(50) 

(50) 

43 (86%) 

1 (2%) 

1 (2%) 
5 (10%) 
9 (18%) 
1 (2%) 
2 (4%) 

(50) 

(50) 

(50) 

(49) 

(49) 

1 (2%) 

39 (78%) 

1 (2%) 

1 (2%) 

8 (16%) 
19 (39%) 

3 (6%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF DECABROMODIPHENYL OXIDE (Continued) 

~ ~ ~~ 

CONTROL (UNTR) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 
#Ovary (Continued) 

Inflammation, suppurative 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis 

(49) 
7 (14%) 
5 (10%) 
1 (2%) 

1 (2%) 

(50) 
4 (8%) 
3 (6%) 
3 (6%) 

1 (2%) 

(49) 
5 (10%) 
7 (14%) 

1 (2%) 

~~ ~ 

NERVOUS SYSTEM 
#Cerebral ventricle (50) (50) (50) 

#Brain (50) (50) (50) 
Dilatation, NOS 1 (2%) 

Congestion, NOS 1 (2%) 
Inflammation, chronic 1 (2%) 1 (2%) 
Gliosis 1 (2%) 

Atrophy, pressure 1 (2%) 
#Brain stem (50) (50) (50) 

SPECIAL SENSE ORGANS 
*E yekornea (50) (50) (50) 

Inflammation, active chronic 1 (2%) 
Fibrosis 1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Sternum 

Fibrous osteodystrophy 
(50) (50) (50) 

27 (54%) 27 (54%) 30 (60%) 

BODY CAVITIES 
*Abdominal cavity 

Steatitis 
Necrosis, fat 

Inflammation, suppurative 
Abscess, NOS 

Cyst, NOS 
Inflammation, active chronic 

*Peritoneum 

*Mesentery (50) (50) 
1 (2%) 
2 (4%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Inflammation, suppurative 
Inflammation, active chronic 
Inflammation, chronic 

Adipose tissue 
Mineralization 
Cyst, NOS 
Inflammation, chronic 
Fibrosis 
Necrosis, fat 

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

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

1 

1 1 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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APPENDIX E 

ANALYSES OF PRIMARY TUMORS IN RATS AND MICE 

IN THE TWO-YEAR FEED STUDIES OF 

DECABROMODIPHENYL OXIDE 
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TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR :FEED STUDY 
OF DECABROMODIPHENYL OXIDE 

Control 25,000 ppm 50,000 ppm 

Skin: Keratoacanthoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

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

2/50 (4%) 
5.1% 
1/35 (3%) 
96 
P = 0.522N 
P = 0.483N 
P = 0.399N 

3/50 (6%) 
8.6% 
3/35 (9%) 
104 
P = 0.482 
P= 0.491N 
P=0.579 

Subcutaneous Tissue: Fibroma or Neurofibroma 
Overall Rates (a)  5/50 (10%) 
Adjusted Rates (b) 14.3% 
Terminal Rates (c) 5/35 (14%) 
Week of First Observation 104 
Life Table Tests (d) P=0.548 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P= 0.400N 
P = 0.434N 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 9.8% 
Terminal Rates (c) 2M5 (6%) 
Week of First Observation 75 
Life Table Tests (d) P=0.119N 
Incidental Tumor Tests (d) P= 0.052N 
Cochran-Armitage Trend Test (d) P = 0.082N 
Fisher Exact Test (d) 

Integumentary System: Neurofibrosarcoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 8.6% 
Terminal Rates (c) 3/35 (9%) 
Week of First Observation 104 
Life Table Tests (d) P=0.141N 
Incidental Tumor Tests (d) P=0.141N 
Cochran-Armitage Trend Test (d) P = 0.082N 
Fisher Exact Test (d) 

Integumentary System: Fibrosarcoma or Neurofibrosarcoma 
Overall Rates (a)  7/50 (14%) 
Adjusted Rates (b) 18.0% 
Terminal Rates (c) 5/35 (14%) 
Week of First Observation 75 
Life Table Tests (d) P=0.035N 
Incidental Tumor Tests (d) P = 0.017N 
Cochran-Armitage Trend Test (d) P = 0.014N 
Fisher Exact Test (d) 
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3/50 (6%) 
12.5% 
3/24 (13%) 
104 
P = 0.345 
P=0.373 

P=0.500 

4/50 (8%) 
12.5% 
2/24 (8%) 
77 
P=0.347 
P=0.537 

P=0.500 

6/50 (12%) 
19.0% 
3/24 (13%) 
77 
P =0.300 
P = 0.462 

P=0.500 

0150 (0%) 
0.0% 
0/24 (0%) 

P = 0.104N 
P = 0.044N 

P=0.059N 

2/50 (4%) 
8.3% 
2/24 (8%) 
104 
P = 0.670N 
P=0.670N 

P = 0.500N 

2/50 (4%) 
8.3% 
2/24 (8%) 
104 
P=0.185N 
P =0.118N 

P = 0.080N 

1/50 (2%) 
3.8% 
1/26 (4%) 
104 
P=0.595N 
P = 0.530N 

P=0.500N 

3/50 (6%) 
7.7% 
0/26 (0%) 
86 
P=0.571 
P=0.529N 

P=0.661 

4/50 (8%) 
11.38 
1/26 (4%) 
86 
P=0.634 
P = 0.443N 

P=0.500N 

1/50 (2%) 
2.2% 
0126 (0%) 
87 
P=0.238N 
P=0.109N 

P=0.181N 

0150 (0%) 
0.0% 
0126 (0%) 

P =0.178N 
P=0.178N 

P=0.121N 

1/50 (2%) 
2.2% 
0126 (0%) 
87 
P = 0.066N 
P=0.027N 

P = 0.030N 



TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

~ ~ ~~ ~~ ~~ 

Control 25,000 ppm 50,000 ppm 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 7/50 (14%) 4/50 (8%) 
Adjusted Rates (b) 18.0% 12.5% 
Terminal Rates (c) 5/35 (14%) 2/24 (8%) 
Week of First Observation 75 77 
Life Table Tests (d) P=0.310N P = 0.440N 
Incidental Tumor Testa (d) P=0.121N P = 0.205N 
Cochran-Armitage Trend Test (d) P=0.202N 
Fisher Exact Test (d) P=0.262N 

Integumentary System: Neurofibroma or Neurofibrosarcoma 
Overall Rates (a) 5/50(10%) 4/50 (8%) 
Adjusted Rates (b) 14.3% 15.2% 
Terminal Rates (c) 5/35 (14%) 3/24 (13%) 
Week of First Observation 104 98 
Life Table Tests (d) P = 0.165N P=0.561 
Incidental Tumor Testa (d) P= 0.147N P = 0.579 
Cochran-Armitage Trend Test (d) P=0.080N 
Fisher Exact Test (d) P=0.500N 

Integumentary System: Fibroma, Neurofibroma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 12/50 (24%) 8/50 (16%) 
Adjusted Rates (b) 3 1.7% 26.7% 
Terminal Rates (c) 10135 (29%) 5/24 (21%) 
Week of First Observation 75 77 
Life Table Tests (d) P=0.124N P = 0.509N 
Incidental Tumor Tests (d) P=0.038N P=0.300N 
Cochran-Armitage Trend Test (d) P=0.041N 
Fisher Exact Test (d) P=0.227N 

Lung: AlveolarlBronc hiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/50 (2%) 1/50 (2%) 
2.9% 4.2% 
1/35 (3%) 1/24 (4%) 
104 104 
P= 0.148 P=0.676 
P = 0.186 P=0.676 
P=0.196 

P=0.753 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 30f50 (60%) 33/50 (66%) 
Adjusted Rates (b) 67.9% 81.9% 
Terminal Rates (c) 21/35 (60%) 17/24(71%) 
Week of First Observation 81 72 
Life Table Tests (d) P = 0.028 P = 0.029 
Incidental Tumor Tests (d) P=0.215 P=O.292 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.339 

P = 0.172 

Salivary Gland: Sarcoma or  Fibrosarcoma 
Overall Rates (a) 1/49 (2%) 0/50 (0%) 

Terminal Rates (c) 1/35 (3%) 0124 (0%) 
Week of First Observation 104 
Life Table Testa (d) P = 0.127 P=0.575N 
Incidental Tumor Tests (d) P = 0.148 P = 0.575N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.495N 

Adjusted Rates (b) 2.9% 0.0% 

P = 0.170 

4/50 (8%) 
9.8% 
0/26 (0%) 
86 
P = 0.378N 
P=0.123N 

P = 0.262N 

1/50 (2%) 
3.8% 
1/26 (4%) 
104 
P=0.181N 
P=0.181N 

P=0.102N 

5/50 (10%) 
13.3% 
1/26 (4%) 
86 
P = 0.143N 
P =0.036N 

P = 0.054N 

3/49 (6%) 
9.6% 
1/26 (4%) 
93 
P=0.227 
P = 0.298 

P=0.301 

35/50 (70%) 
82.8% 
19/26 (73%) 
76 
P = 0.03 1 
P = 0.285 

P = 0.201 

3/48 (6%) 
10.5% 
2/26 (8%) 
97 
P = 0.214 
P = 0.253 

P=0.301 
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TABLE El .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 23,000 ppm !iO,OOO ppm 

Liver: Neoplastic Nodule 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/50 (2%) 
2.9% 
1/35 (3%) 
104 
P<  0.00 1 
P < 0.00 1 
P<O.OOl 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 5.2% 
Terminal Rates (c) 1/35 (3%) 
Week of First Observation 97 
Life Table Tests (d) P<O.OOl 
Incidental Tumor Tests (d) P < 0.001 
Cochran-Armitage Trend Test (d) P<O.OOl 
Fisher Exact Test (d) 

Pancreas: Acinar Cell Adenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

0149 (0%) 
0.0% 
0135 (0%) 

P = 0.010 
P=0.017 
P=0.015 

10/50 (20%) 
25.0% 
6/35 (17%) 
85 
P=0.413 
P = 0.460N 
P = 0.450N 

Pituitary: Adenoma or Carcinoma 
Overall Rates (a) 10/50 (20%) 
Adjusted Rates (b) 25.0% 
Terminal Rates (c) 6/35 (17%) 
Week of First Observation 85 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.405 
P = 0.471N 
P = 0.450N 

Adrenal Gland: Cortical Adenoma 
Overall Rates (a) 4/49 (8%) 
Adjusted Rates (b) 10.7% 
Terminal Rates (c) 3/35 (9%) 
Week of First Observation 96 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P= 0.1 72N 
P = 0.103N 
P = 0.100N 

7/50 (14%) 
27.1% 
6/24 (25%) 
89 
P = 0.008 
P=0.014 

P=0.030 

8/50 (16%) 
31.1% 
7/24 (29%) 
89 
P=0.012 
P=0.022 

P=0.046 

0/50 (0%) 
0.0% 
0124 (0%) 

(e) 
(e) 

(e) 

10150 (20%) 
33,196 
6/24 (25%) 
69 
P =  0.315 
P=0.577 

P = 0.598 

11/50 (22%) 
36.8% 
7/24 (29%) 
69 
P=0.225 
P=0.457 

P=0.500 

1/50 (2%) 
2.8% 
0124 (0%) 
89 
P=0.289N 
P =0.154N 

P=0.175N 

15/49 (31%) 
!j2.7% 
13/26 (50%) 
07 
1?<0.001 
1?<0.001 

I? < 0.001 

'L5149 (31%) 
!52.7% 
:L3126 (50%) 
137 
1?<0.001 
1?<0.001 

I?< 0.00 1 

4/49 (8%) 
13.7% 
2/25 (8%) 
!37 
lP=0.037 
1P=O.O67 

1P = 0.059 

!W50 (18%) 
:28.4% 
15/26 (19%) 
!33 
P = 0.472 
P = 0.490N 

P = 0.500N 

'W50 (18%) 
28.4% 
5/26 (19%) 
93 
P= 0.472 
P = 0.490N 

P = 0.500N 

1/49 (2%) 
4.0% 
1/25 (4%) 
104 
P=0.287N 
P=0.236N 

P=0.181N 
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TABLE E l .  ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE 

Control 25,000 ppm 50,000 ppm 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adrenal Gland: Malignant Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

31/49 (63%) 18/50 (36%) 
79.4% 59.1% 
27/35 (77%) 12/24 (50%) 
95 85 
P = 0.136N P = 0.234N 
P=0.017N P = 0.075N 
P=0.006N 

P=0.006N 

4/49 (8%) 1/50 (2%) 
11.4% 2.6% 
4/35 (11%) 0/24 (0%) 
104 87 
P = 0.296 P = 0.294N 
P = 0.404 P=0.186N 
P = 0.420 

P = 0.175N 

Adrenal Gland: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 32/49 (65%) 19/50 (38%) 
Adjusted Rates (b) 82.0% 60.1% 
Terminal Rates (c) 28/35 (80%) 12/24 (50%) 
Week of First Observation 95 85 
Life Table Tests (d) P = 0.418N P = 0.254N 
Incidental Tumor Tests (d) P = 0.094N P = 0.063N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.006N 

P = 0.043N 

Thyroid Gland: C-cell Adenoma 
Overall Rates (a) 6/50(12%) 5/49 (10%) 
Adjusted Rates (b) 16.7% 19.2% 
Terminal Rates (c) 5/35(14%) 4/24 (17%) 
Week of First Observation 103 98 
Life Table Tests (d) P =  0.1 19N P = 0.510 
Incidental Tumor Tests (d) P = 0.095N P = 0.554 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.514N 

P = 0.052N 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pancreatic Islets: Islet Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

8/50 (16%) 6/49 (12%) 
22.2% 23.2% 
7/35 (20%) 5/24 (21%) 
103 98 
P=O.l88N P=0.561 
P=0.151N P=0.601 
P =  0.083N 

P=0.403N 

4/49 (8%) 1/50 (2%) 
1 1.4% 2.3% 
4/35 (11%) OB4 (0%) 
104 79 
P=0.171N P = 0.288N 
P=0.129N P=0.186N 
P=O.lOON 

P = 0.175N 

18/49 (37%) 
53.4% 
11/25 (44%) 
87 
P = 0.162N 
P =  O.Ol8N 

P = 0.007N 

5/49 (10%) 
16.2% 
3/25 (12%) 
87 
P = 0.332 
P=0.444 

P=0.500 

23/49 (47%) 
65.2% 
14/25 (56%) 
87 
P=0.487N 
P=0.105N 

P =  0.051N 

1/49 (2%) 
3.8% 
1/26 (4%) 
104 
P= 0.1 18N 
P = 0.099N 

P = 0.059N 

3/49 (6%) 
9.6% 
2/26 (8%) 
76 
P=0.206N 
P=0.166N 

P= 0.106N 

1/49 (2%) 
4.0% 
1/25 (4%) 
104 
P = 0.292N 
P=0.292N 

P=0.181N 
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TABLE El .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 50,000 ppm 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

0150 (0%) 
0.0% 
0135 (0%) 

P = 0.550 
P = 0.550 
P = 0.640 

Mammary Gland: Fibroadenoma or Adenocarcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.9% 
Terminal Rates (c) 1/35 (3%) 
Week of First Observation 104 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.482N 
P =  0.482N 
P =  0.378N 

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

4/50 (8%) 
11.4% 
4/35 (11%) 
104 
P = 0.403N 
P=0.337N 
P =  0.274N 

Preputial Gland: Adenoma or Carcinoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 11.4% 
Terminal Rates (c) 4/35 (11%) 
Week of First Observation 104 
Life Table Tests (d) P=O.405 
Incidental Tumor Tests (d) P =  0.459 
Cochran-Armitage Trend Test (d) P = 0.571 
Fisher Exact Test (d) 

Prostate: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Decabromodiphenyl Oxide, NTP TR 309 

3/47 (6%) 
8.6% 
3/35 (9%) 
104 
P=0.463 
P = 0.525 
P=0.585N 

44J47 (94%) 
97.7% 
34/35 (97%) 
75 
P = 0.010 
P = 0.478 
P=0.392 

132 

3/50 (6%) 
12.5% 
3/24(13%) 
104 
P = 0.063 
P=0.063 

P=O.121 

3/50 (6%) 
12.5% 
3/24(13%) 
104 
P=0.181 
P=0.181 

P = 0.309 

4/50 (8%) 
12.7% 
2/24 (8%) 
72 
P=0.465 
P = 0.646N 

P = 0.643 

5/50 (10%) 
16.7% 
3/24 (13%) 
72 
P = 0.308 
P=0.478 

P = 0.500 

0/49 (0%) 
0.0% 
0124 (0%) 

P=0.194N 
P = 0.194N 

P = 0.1 13N 

47/50 (94%) 

24/24 (100%) 
68 
P=0.003 
P = 0.473 

P=0.631 

100.0% 

0150 (0%) 
0.0% 
0/26 (0%) 

(e) 
(e 1 

(e) 

0150 (0%) 
0.0% 
0126 (0%) 

P=0.559N 
P = 0.559N 

P=0.500N 

2/50 (4%J 
7.7% 
2/26 (8%) 
104 
P = 0.480N 
P=0.480N 

P=0.339N 

4/50 (8%) 
15.4% 
4/26 (15%) 
104 
P=0.473 
P=0.473 

P = 0.643 

3/49 (6%) 
11.3% 
2/25 (8%) 
103 
P = 0.507 
P=0.585 

P =  0.641N 

47/49 (96%) 
97.9% 
24/25 (96%) 
57 
P = 0.009 
P = 0.620 

P=0.480 



TABLE El. ANALYSIS OF PRIMARY TUMORS I N  MALE RATS IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 50.000 ppm 

Musculoskeletal System: Osteosarcoma 
Overall Rates (a) 0/50 (0%) 

Terminal Rates (c) 0/35 (0%) 
Week of First Observation 
Life Table Testa (d) P=0.617 
Incidental Tumor Testa (d) P=0.503N 
Cochran-Armitage Trend Test (d) P=0.640 
Fisher Exact Test (d) 

Adjusted Rates (b) 0.0% 
3/50 (6%) 0/60 (0%) 
7.3% 0.0% 
OD4 (0%) 0/26 (0%) 
71 
P=0.108 (e) 
P=0.301 (e) 

P=0.121 (e) 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are  the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is reported because no tumors were observed in the dosed and control groups. 
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TABLE E2. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE 

Control 25,000 ppm !1O,OOO ppm 

Subcutaneous Tissue: Sarcoma o r  Fibrosarcoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 6.9% 
Terminal Rates (c) 2/40 (5%) 
Week of First Observation 81 
Life Table Testa (d) P=0.239N 
Incidental Tumor Testa (d) P=0.159N 
Cochran-Armitage Trend Test (d) P= 0.202N 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 14/50 (28%) 
Adjusted Rates (b) 30.6% 
Terminal Rates (c) 9/40 (23%) 
Week of First Observation 74 
Life Table Testa (d) P=0.124 
Incidental Tumor Tests (d) P=0.295 
Cochran-Armitage Trend Test (d) P=0.232 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/50 (2%) 
2.5% 
1/40 (3%) 
104 
P = 0.002 
P = 0.002 
P=0.004 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 1/50 (2%) 

Terminal Rates (c) 1/40 (3%) 
Week of First Observation 104 
Life Table Testa (d) P = 0.003 
Incidental Tumor Tests (d) P = 0.003 
Cochran-Armitage Trend Test (d) P = 0.006 
Fisher Exact Test (d) 

Adjusted Rates (b) 2.5% 

Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

24/50 (48%) 
58.4% 
23/40 (58%) 
97 
P = 0.259 
P = 0.344 
P=0.540 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 25/50 (50%) 
Adjusted Rates (b) 59.3% 
Terminal Rates (c) 23/40 (58%) 
Week of First Observation 84 
Life Table Tests (d) P=0.257 
Incidental Tumor Tests (d) P=0.383 
Cochran-Armitage Trend Test (d) P = 0.540 
Fisher Exact Test (d) 

1/50 (2%) 
2.0% 
0133 (0%) 
66 
P = 0.350N 
P = 0.237N 

P = 0.309N 

21/50 (42%) 
53.5% 
15/33 (45%) 
95 
P = 0.043 
P = 0.102 

P = 0.104 

3/49 (6%) 
9.1% 
3/33 (9%) 
104 
P = 0.239 
P = 0.239 

P=0.301 

5/49 (10%) 
15.2% 
5/33 (15%) 
104 
P = 0.064 
P=0.064 

P = 0.098 

22/50 (44%) 
55.6% 
16/33 (48%) 
86 
P=0.418 
P = 0.567 

P = 0.421N 

24/50 (48%) 
59.4% 
17/33 (52%) 
86 
P=0.335 
P=0.513 

P = 0.500N 

1.150 (2%) 
:!.9% 
1.134 (3%) 
1104 
lJ = 0.359N 
lY=  0.388N 

IJ = 0.309N 

L8150 (36%) 
42.8% 
L 1/34 (32%) 

'7 5 
I>= 0.157 
F"0.362 

I? = 0.260 

!)I50 (18%) 
24.4% 
7/34 (21%) 
87 
1P = 0.005 
iP = 0.006 

P = 0.008 

'3/50 (18%) 
'24.4% 
'7134 (21%) 
'37 
P = 0.005 
P = 0.006 

P = 0.008 

24/60 (48%) 
64.6% 
21/34 (62%) 
76 
P = 0.274 
P = 0.388 

P = 0.579 

25/50 (50%) 
65.3% 
21/34 (62%) 
76 
P= 0.278 
P = 0.430 

P = 0.579 
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TABLE E2. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAIR FEED STUDY 
O F  DECABROMODIPHENYL OXIDE (Continued) 

~~ ~~ ~~ ~ ~~ 

Control 25,000 ppm 50,000 ppm 

Adrenal Gland: Cortical Adenoma 
Overall Rates (a) 4/50 (8%) 0148 (0%) 

Terminal Rates (c) 4/40 (10%) 0133 (0%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.279N P = 0.090N 
Incidental Tumor Tests (d) P=0.279N P = 0.090N 
Cochran-Armitage Trend Test (d) P=0.223N 
Fisher Exact Test (d) P = 0.064N 

Adjusted Rates (b) 10.0% 0.0% 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 4/48 (8%) 
6.9% 11.2% 
2/40 (5%) 3/33 (9%) 
74 91 
P=0.487N P=0.417 
P = 0.387N P = 0.499 
P=0.417N 

P=0.477 

Adrenal Gland: Pheochromocytoma or  Malignant Pheochromocytoma 
Overall Rates (a) 4/50 (8%) 4/48 (8%) 
Adjusted Rates (b) 9.3% 11.2% 
Terminal Rates (c) 3/40 (7%) 3/33 (9%) 
Week of First Observation 74 91 
Life Table Tests (d) P=0.345N P=0.552 
Incidental Tumor Tests (d) P = 0.257N P = 0.630 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.619 

P = 0.275N 

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

Thyroid Gland: C-cell Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

9/50 (18%) 6/49 (12%) 
22.5% 18.2% 
9/40 (23%) 6/33 (18%) 
104 104 
P=0.242N P=0.436N 
P= 0.210N P=0.436N 
P=0.152N 

P = 0.303N 

2/50 (4%) 4/49 (8%) 
5.0% 11.8% 
2/40 (5%) 3/33 (9%) 
104 103 
P=0.337 P=0.254 
P = 0.367 P = 0.287 
P=0.417 

P=0.329 

11/50 (22%) 10149 (20%) 
27.5% 29.4% 
11/40 (28%) 9/33 (27%) 
104 103 
P =0.412N P = 0.499 
P=0.358N P=0.523 
P=0.264N 

P=0.521N 

2/50 (4%) 
5.9% 
2/34 (6%) 
104 
P= 0.414N 
P = 0.41 4N 

P = 0.339N 

2/60 (4%) 
5.4% 
1/34 (3%) 
96 
P=0.558N 
P =0.383N 

P-0.500N 

2/50 (4%) 
5.4% 
1/34 (3%) 
96 
P=0.402N 
P=0.252N 

P=0.339N 

5/50 (10%) 
13.6% 
3/34 (9%) 
98 
P = 0.294N 
P = 0.241N 

P = 0.194N 

3/50 (6%) 
8.8% 
3/34 (9%) 
104 
P = 0.426 
P = 0.426 

P = 0.500 

8/50 (16%) 
22.0% 
6/34 (18%) 
98 
P=0.450N 
P=0.396N 

P=0.306N 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 50,000 ppm 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Mammary Gland: Adenoma or Fibroadenoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

24/50 (48%) 18/50 (36%) 21/50 (42%) 
54.2% 46.2% 53.4% 
20140 (50%) 13/33 (39%) 16/34 (47%) 
74 86 86 
P=0.521 P=0.387N P=0.546 
P = 0.439N P=0.210N P=0.456N 
P = 0.306N 

P =0.156N P=0.344N 

24/50 (48%) 18/50 (36%) 23/50 (46%) 
54.2% 46.2% 57.2% 
20140 (50%) 13/33 (39%) 17/34 (50%) 
74 86 86 
P=0.366 P=0.387N P = 0.385 
P = 0.485 P =  0.210N P = 0.554 
P=0.460N 

P=O.156N P=0.500N 

Mammary Gland: Adenoma, Fibroadenoma, Adenocarcinoma, or Papillary Cystadenocarcinoma 
25/50 (50%) 18/50 (36%) 24/50 (48%) 
56.5% 46.2% 59.8% 

Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Clitoral Gland: Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Clitoral Gland: Adenoma or Carcinoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Decabromodiphenyl Oxide, NTP TR 309 

21/40 (53%) 
74 
P = 0.358 
P=0.476 
P = 0.460N 

4/50 (8%) 
10.0% 
4/40 (10%) 
104 
P = 0.497N 
P =  0.471N 
P = 0.421N 

4/50 (8%) 
10.0% 
4/40 (10%) 
104 
P=0.487 
P=0.510 
P = 0.573 

9/49 (18%) 
22.5% 
9/40 (23%) 
104 
P=0.233 
P=0.333 
P=0.373 
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13/33 (39%) 
86 
P=0.323N 
P=0.161N 

P=0.113N 

3/50 (6%) 
7.2% 
1/33 (3%) 
49 
P =0.580N 
P =  0.381N 

P=0.500N 

4/50 (8%) 
10.1% 
2/33 (6%) 
49 
P = 0.555 
P =0.559N 

P = 0.643 

10/49 (20%) 
26.7% 
7/33 (21%) 
86 
P=0.338 
P=0.402 

P = 0.500 

18/34 (53%) 
86 
P=0.374 
P=0.541 

P = 0.500N 

3/50 (6%) 
8.8% 
3/34 (9%) 
104 
P = 0.589N 
P = 0.589N 

P = 0.500N 

4/50 (8%) 
11.8% 
4/34 (1 2%) 
104 
P=0.552 
P = 0.552 

P = 0.643 

11/50 (22%) 
28.6% 
8/34 (24%) 
72 
P=0.269 
P = 0.422 

P = 0.421 



TABLE E2. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 50,000 ppm 

Uterus: Endometrial Stromal Polyp or Sarcoma 
Overall Rates (a) 10/49 (20%) 10/49 (20%) 12/50 (24%) 
Adjusted Rates (b) 24.3% 26.7% 30.4% 
Terminal Rates (c) 9140 (23%) 7/33 (21%) 8/34 (24%) 
Week of First Observation 99 86 72 
Life Table Testa (d) P = 0.234 P = 0.432 P = 0.269 
Incidental Tumor Testa (d) P=0.369 P=0.532 P=0.481 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.599N P=0.426 

P = 0.377 

Zymbal Gland: Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

0150 (0%) 0150 (0%) 3/50 (6%) 
0.0% 7.4% 0.0% 
0140 (0%) 1/33 (3%) 0134 (0%) 

72 
P=0.609 P = 0.104 (e) 
P=0.480N P=0.177 (e) 
P = 0.640 

P=0.121 (e) 

(a) Number of tumor-bearing animaldnumber of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mlortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are  the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause ofdeath. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is reported because no tumors were observed in the 50,000-ppm and control groups. 
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TABLE E3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY 
O F  DECABROMODIPHENYL OXIDE 

~~ ~~ ~ ~~~~ 

Control 25,000 ppm li0,OOO ppm 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (e) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

0150 (0%) 
0.0% 
0119 (0%) 

P = 0.582N 
P = 0.582N 
P = 0.640 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates tb) 27.6% 
Terminal Rates (c) 4/19 (2 1 %) 
Week of First Observation 82 
Life Table Tests (d) P =0.378 
Incidental Tumor Tests (d) P = 0.420 
Cochran-Armitage Trend Test (d) P = 0.170 
Fisher Exact Test (d) 

Integumentary System: Fibrosarcoma 
Overall Rates (a) 7/50 (14%) 
Adjusted Rates (b) 32.5% 
Terminal Rates (c) 5/19 (26%) 
Week of First Observation 82 
Life Table Tests (d) P=0.490 
Incidental Tumor Tests (d) P=0.542 
Cochran-Armitage Trend Test (d) P=0.251 
Fisher Exact Test (d) 

Integumentary System: Sarcoma or Fibrosarcoma 
Overall Rates (a) 7/50 (14%) 
Adjusted Rates (b) 32.5% 
Terminal Rates (e) 5/19 (26%) 
Week of First Observation 82 
Life Table Tests (d) P = 0.498 
Incidental Tumor Tests (d) P=0.549 
Cochran-Armitage Trend Test (d) P=0.254 
Fisher Exact Test (d) 

Integumentary System: Fibroma, Sarcoma, or Fibrosarcoma 
Overall Rates (a) 7/50(14%) 
Adjusted Rates (b) 32.5% 
Terminal Rates (c) 5/19 (26%) 
Week of First Observation 82 
Life Table Tests (d) 
Incidental Tumor Tests (d) P=0.535N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.520 

P = 0.263 

Integumentary System: Fibroma or Fibrosarcoma 
Overall Rates (a) 7/50 (14%) 
Adjusted Rates (b) 32.5% 
Terminal Rates (c) 5/19 (26%) 
Week of First Observation 82 
Life Table Tests (d) P=0.513 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) P=0.261 
Fisher Exact Test (d) 

P = 0.544N 

3/50 (6%) 
12.0% 
3/25 (12%) 
103 
P=0.171 
P=0.171 

P=0.121 

8/50 (16%) 
23.8% 
2/25 (8%) 
72 
P = 0.561N 
P = 0.593N 

P = 0.387 

8/50 (16%) 
23.8% 
2/25 (8%) 
72 
P=0.437N 
P = 0.459N 

P=0.500 

9/50 (18%) 
27.1% 
3/25 (12%) 
72 
P = 0.530N 
P = 0.557N 

P = 0.393 

12/50 (24%) 
37.1% 
6/25 (24%) 
72 
P = 0.414 
P = 0.385 

P = 0.1 54 

11/50 (22%) 
33.8% 
5/25 (20%) 
72 
P = 0.499 
P = 0.475 

P = 0.218 

0150 (0%) 
0.0% 
0/24 (0%) 

(e) 
(e) 

(e) 

1.0/50 (20%) 
28.2% 
3/24 (13%) 
fiO 
1’=0.442 
I’= 0.462 

I’ = 0.207 

1.0/50 (20%) 
:!8.2% 
3/24 (13%) 
60 
IJ= 0.557 
P= 0.585 

1’=0.298 

1.0/50 (20%) 
:!8.2% 
3/24 (13%) 
60 
1’=0.557 
P= 0.585 

I’= 0.298 

1.0/50 (20%) 
:!8.2% 
21/24 (13%) 
60 
I’=0.557 
I’=0.585 

I’= 0.298 

1.0150 (20%) 
:!8.2% 
3/24 (13%) 
GO 
I’ = 0.557 
I’=0.585 

I’=0.298 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR ]"ED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 30,000 ppm 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 4/50 (8%) 

Terminal Rates (c) 4/19 (21%) 
Week of First Observation 103 
Life Table Tests (d) P = 0.466N 
Incidental Tumor Tests (d) P=0.536N 
Cochran-Armitage Trend Test (d) P = 0.583 
Fisher Exact Test (d) 

Adjusted Rates (b) 21.1% 

Lung: AlveolarEironc hiolar Carcinoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 10.5% 
Terminal Rates (c) 2/19 (11%) 
Week of First Observation 103 
Life Table Tests (d) P = 0.306N 
Incidental Tumor Tests (d) P= 0.306N 
Cochran-Armitage Trend Test (d) P = 0.406N 
Fisher Exact Test (d) 

Lung: AlveolartBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 26.3% 
Terminal Rates (c) 5/19 (26%) 
Week of First Observation 103 
Life Table Tests (d) P=0.419N 
Incidental Tumor Tests (d) P=0.477N 
Cochran-Armitage Trend Test (d) P=0.568 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Mixed Type 
1/50 (2%) 
5.3% 
1/19 (5%) 
104 
P =0.53 1N 
P =0.531N 
P=0.610 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 10.5% 
Terminal Rates (c) 2/19 (11%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.43 1 
incidental Tumor Tests (d) P=0.427 
Cochran-Armitage Trend Test (d) P = 0.297 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma or Leukemia 
Overall Rates (a )  2/50 (4%) 
Adjusted Rates (b) 10.5% 
Terminal Rates (c) 2/19(11%) 
Week of First Observation 104 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) P=0.122 

P = 0.210 
P = 0.203 
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1/50 (2%) 
4.0% 
1/25 (4%) 
103 
P = 0.102N 
P =0.102N 

P=0.181N 

4/50 (8%) 
16.0% 
4/25 (16%) 
103 
P = 0.468 
P=0.468 

P= 0.339 

4/50 (8%) 
16.0% 
4/25 (16%) 
103 
P=0.324N 
P= 0.324N 

P=0.500N 

3/50 (6%) 
12.0% 
3/25 (12%) 
103 
Pr0.406 
P=0.406 

P = 0.309 

7/50 (14%) 
24.5% 
5/25 (20%) 
82 
P = 0.174 
P = 0.203 

P=0.080 

7/50 (14%) 
24.5% 
5/25 (20%) 
82 
P = 0.174 
P~0.203 

4/50 (8%) 
13.5% 
2/24 (8%) 
35 
P=0.503N 
P=0.583N 

P=0.643 

1/50 (2%) 
4.2% 
1/24 (4%) 
103 
P=0.418N 
P=0.418N 

P = 0.500N 

5/50 (10%) 
17.4% 
3/24(13%) 
35 
P = 0.471N 
P=0.544N 

P = 0.630 

1/50 (2%) 
4.2% 
1/24 (4%) 
103 
P = 0.710N 
P=0.710N 

P =0.753N 

4/50 (8%) 
16.7% 
4/24 (17%) 
103 
P=0.447 
P = 0.447 

P=0.339 

6/50 (12%) 
23.5% 
5/24 (21%) 
92 
P=0.219 
P = 0.224 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 50,000 ppm 

Circulatory System: Hemangioma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Circulatory System: Hemangioma or Hemangi 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Decabromodiphenyl Oxide, NTP TR 309 

0/50 (0%) 
0.0% 
0/19 (0%) 

P = 0.546N 
P=0.529N 
P=0.622 

iosarcoma 
2/50 (4%) 
9.6% 
1/19 (5%) 
94 
P = 0.445N 
P = 0.414N 
P=0.579 

4/50 (8%) 
19.0% 
3/19 (16%) 
81 
P = 0.078 
P = 0.084 
P = 0.027 

5/50 (10%) 
20.7% 
1/19 (5%) 
81 
P=0.494 
P=0.523 
P=0.258 

8/50 (16%) 
33.9% 
4/19 (21%) 
81 
P = 0.124 
P=0.116 
P=O.O21 

0150 (0%) 
0.0% 
0119 (0%) 

P = 0.142 
P = 0.138 
P=O.101 
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4/50 (8%) 
15.4% 
3/25 (12%) 
100 
P=0.105 
P = 0.104 

P = 0.059 

6/50 (12%) 
2 1.8% 
4/25 (16%) 
92 
P = 0.247 
P = 0.266 

P=0.134 

12/50 (24%) 
46.2% 
11/25 (44%) 
100 
P-0.081 
P=0.088 

P = 0.027 

14/50 (28%) 
42.9% 
8/25 (32%) 
72 
P=O.l18 
P=0.139 

P=O.O20 

22/50 (44%) 
67.7% 
15/25 (60%) 
72 
P=0.036 
P = 0.036 

P=O.O02 

3/50 (6%) 
10.8% 
2/25 (8%) 
90 
P = 0.184 
P=O.210 

P=O.121 

01/50 (0%) 
(11.0% 
01/24 (0%) 

(ID) 

(ID) 

(I?) 

2/50 (4%) 
6.7% 
1/24 (4%) 
72 
F1=0.589N 
F1=0.564N 

F'=0.691N 

12/50 (24%) 
39.0% 
7/24 (29%) 
60 
P' = 0.095 
p' = 0.099 

P =0.027 

8/50 (16%) 
26.8% 
4/24 (17%) 
76 
P = 0.486 
P = 0.542 

P =0.277 

15/50 (36%) 
516.5% 
11/24 (46%) 
61d 
P=0.115 
P=0.116 

P=O.O19 

3/50 (6%) 
112.5% 
31'24 (13%) 
103 
P=0.163 
P = 0.163 

P=O.121 



TABLE E3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FIEED STUDY 
O F  DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 50,000 ppm 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 0150 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0119 (0%) 
Week of First Observation 
Life Table Tests (d) P = 0.168 
Incidental Tumor Tests (d) P = 0.164 
Cochran-Armitage Trend Test (d) P=O.l18 
Fisher Exact Test (d) 

Adrenal Gland: Adenoma or Cortical Adenoma 
Overall Rates (a) 1/49 (2%) 
Adjusted Rates (b) 5.3% 
Terminal Rates (c) 1/19 (5%) 
Week of First Observation 103 
Life Table Tests (d) P=0.294 
Incidental Tumor Tests (d) P=0.305 
Cochran-Armitage Trend Test (d) P = 0.228 
Fisher Exact Test (d) 

Harderian Gland: Papillary Adenocarcinoma 
Overall Rates (a) 0150 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0119 (0%) 
Week of First Observation 
Life Table Tests (d) P=0.558N 
Incidental Tumor Testa (d) P=0.568N 
Cochran-Armitage Trend Test (d) P=0.640 
Fisher Exact Test (d) 

Harderian Gland: Adenocarcinoma or Papillary Adenocarcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 5.3% 
Terminal Rates (c) 1/19 (5%) 
Week of First Observation 103 
Life Table Testa (d) P=0.287N 
Incidental Tumor Tests (d) P = 0.282N 
Cochran-Armitage Trend Test (d) P = 0.378N 
Fisher Exact Test (d) 

4/50 (8%) 
14.7% 
3/25(12%) 
90 
P=O.109 
P=0.124 

Pm0.059 

2/50 (4%) 
8.0% 
2/25 (8%) 
103 
P=0.596 
P=0.596 

P = 0.508 

3/50 (6%) 
9.8% 
1/25 (4%) 
90 
P=0.194 
P=0.246 

P-0.121 

3/50 (6%) 
9.8% 
1/25 (4%) 
90 
P = 0.433 
Pt0.509 

Pr0.309 

3/50 (6%) 
12.5% 
3/24 (13%) 
103 
P = 0.163 
P = 0.163 

P=0.121 

3/50 (6%) 
11.6% 
2/24 (8%) 
96 
P=O.402 
P = 0.418 

P=0.316 

0150 (0%) 
0.0% 
0124 (0%) 

(e) 
(e) 

(e) 

0150 (0%) 
0.0% 
0124 (0%) 

P=0.453N 
P=0.453N 

P=0.500N 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is reported because no tumors were observed in the 50,000-ppm and control groups. 
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TABLE E4. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY 
O F  DECABROMODIPHENYL OXIDE 

~ 

Control 25,000 ppm 50,000 ppm 

Subcutaneous Tissue: Fibrosarcoma or Neurofibrosarcoma 
Overall Rates (a) 1/50 (2%) 3/50 (6%) 
Adjusted Rates (b) 3.7% 7.4% 
Terminal Rates (c) 1/27 (4%) 0131 (0%) 
Week of First Observation 103 90 
Life Table Tests (d) P=0.563N P = 0.348 
Incidental Tumor Tests (d) P = 0.564N P = 0.336 
Cochran-Armitage Trend Test (d) P=0.610 
Fisher Exact Test (d) P=0.309 

Lung: Alveolar/Bronc hiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

4/50 (8%) 2/50 (4%) 
13.7% 6.5% 
3/27 (11%) 2/31 (6%) 
95 103 
P = 0.192N P=0.283N 
P= 0.209N P = 0.3 1 1N 
P = 0.252N 

P=0.339N 

Lung: AlveolarBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 6/50 (12%) 4/50 (8%) 
Adjusted Rates (b) 19.7% 12.9% 
Terminal Rates (c) 4/27 (15%) 4/31 (13%) 
Week of First Observation 95 103 
Life Table Tests (d) P=0.218N P = 0.299N 
Incidental Tumor Tests (d) P = 0.240N P = 0.343N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.370N 

P = 0.303N 

Hematopoietic System: Malignant Lymphoma, Undifferentiated Type 
Overall Rates (a) 4/50 (8%) 2/50 (4%) 
Adjusted Rates (b) 11.2% 4.7% 
Terminal Rates (c) 1/27 (4%) 0131 (0%) 
Week of First Observation 84 86 
Life Table Tests (d) P=0.031N P=0.311N 
Incidental Tumor Tests (d) P= 0.029N P=0.310N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.339N 

P = 0.037N 

Hematopoietic System: Malignant Lymphoma, 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Lymphocytic Type 
5/50 (10%) 4/50 (8%) 
15.3% 10.2% 
2/27 (7%) 1/31 (3%) 
91 66 
P= 0.060N P = 0.440N 
P=O.lOlN P=0.552N 
P = O.08ON 

P= 0.500N 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 2/50 (4%) 2/50 (4%) 
Adjusted Rates (b) 7.4% 4.8% 
Terminal Rates (c) 2/27 (7%) 013 1 (0%) 
Week of First Observation 104 65 
Life Table Tests (d) P = 0.200 P=0.649N 
Incidental Tumor Tests (d) P=O.121 P=0.626 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.146 
P =0.691N 

1/50 (2%) 
3.1% 
1/32 (3%) 
103 
P = 0.724N 
P=0.724N 

P=0.753 

2/50 (4%) 
6.3% 
2/32 (6%) 
103 
P = 0.265N 
P=0.290N 

P=0.339N 

4/50 (8%) 
11.3% 
3/32 (9%) 
87 
P = 0.276N 
P = 0.308N 

P=0.370N 

0150 (0%) 
0.0% 
0132 (0%) 

P =0.052N 
P =0.062N 

P =0.059N 

1/50 (2%) 
3.1% 
1/32 (3%) 
103 
P = 0.078N 
P = 0.092N 

P=0.103N 

5/50 (10%) 
12.7% 
2/32 (6%) 
87 
P = 0.291 
P =0.281 

P =0.218 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAIR FEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 50,000 ppm 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 20.8% 
Terminal Rates (c) 5/27 (19%) 
Week of First Observation 95 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) P=0.102 
Fisher Exact Test (d) 

P = 0.170 
P= 0.154 

Hematopoietic System: Lymphoma, 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Malignant 
17/50 (34%) 
48.5% 
10/27 (37%) 
84 
P=0.356N 
P = 0.487N 
P = 0.543 

Hematopoietic System: Lymphoma or Leukemia 
Overall Rates (a) 17/50 (34%) 
Adjusted Rates (b) 48.5% 
Terminal Rates (c) 10127 (37%) 
Week of First Observation 84 
Life Table Tests (d) P=0.353N 
Incidental Tumor Tests (d) P= 0.494N 
Cochran-Armitage Trend Test (d) P = 0.542 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests cd) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

5/50 I1 0%) 
16.8% 
4/27 (15%) 
83 
P = 0.466 
P = 0.456 
P = 0.336 

3/50 (6%) 
10.7% 
2/27 (7%) 
101 
P= 0.175 
P=0.139 
P = 0.1 14 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 8/50 (16%) 
Adjusted Rates (b) 26.7% 
Terminal Rates (c) 6/27 (22%) 
Week of First Observation 83 
Life Table Tests (d) P = 0.259 
Incidental Tumor Tests (d) P=0.219 
Cochran-Armitage Trend Test (d) P=0.141 
Fisher Exact Test (d) 

143 

5/50 (10%) 
14.8% 
4/31 (13%) 
80 
P= 0.415N 
P = 0.425N 

P=0.500N 

14/50 (28%) 
32.6% 
5/31 (16%) 
65 
P=0.245N 
P = 0.320N 

P = 0.333N 

15/50 (30%) 
34.6% 
5/31 (16%) 
65 
P = 0.306N 
P=0.417N 

P = 0.41 5N 

10/50 (20%) 
31.2% 
9/31 (29%) 
102 
P=0.196 
P=0.184 

P=0.131 

4/50 (8%) 
12.1% 
3/31 (10%) 
93 
P=0.566 
P = 0.499 

P = 0.500 

13/50 (26%) 
39.1% 
11/31 (35%) 
93 
P = 0.256 
P = 0.209 

P= 0.163 

11/50 (22%) 
33.1% 
10/32 (31%) 
99 
P = 0.243 
P = 0.208 

P=0.143 

17/50 (34%) 
46.2% 
13/32 (41%) 

P = 0.366N 
P = 0.437N 

P=0.584N 

a7 

17/50 (34%) 
46.2% 
13/32 (41%) 
87 
P = 0.366N 
P = 0.437N 

P = 0.584N 

7/50 (14%) 
21.9% 
7/32 (22%) 
103 
P = 0.497 
P= 0.509 

P=0.380 

7/50 (14%) 
20.8% 
6/32 (19%) 
96' 
P=O.243 
P=0.196 

P = 0.159 

13/50 (26%) 
39.1% 
12/32 (38%) 
96 
P = 0.290 
P = 0.258 

P = 0,163 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR ITEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

Control 25,000 ppm 50,000 ppm 

Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

8/40 (20%) 
25.1% 
4/24 (17%) 
53 
P=0.192N 
P =  0.232N 
P=0.198N 

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.9% 
Terminal Rates (c) 0/27 (0%) 
Week of First Observation 95 
Life Table Tests (d) P = 0.455 
Incidental Tumor Tests (d) P = 0.419 
Cochran-Armitage Trend Test (d) P = 0.391 
Fisher Exact Test (d) 

Thyroid Gland: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.9% 
Terminal Rates (c) OD7 (0%) 
Week of First Observation 95 
Life Table Tests (d) P=0.291 
Incidental Tumor Tests (d) P = 0.263 
Cochran-Armitage Trend Test (d) P=0.231 
Fisher Exact Test (d) 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 0/50 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/27 (0%) 
Week of First Observation 
Life Table Tests (d) P =  0.431 
Incidental Tumor Tests (d) P=0.431 
Cochran-Armitage Trend Test (d) P=0.378 
Fisher Exact Test (d) 

Harderian Gland: Carcinoma or Adenocarcinoma (e) 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.5% 
Terminal Rates (c) 1/27 (4%) 
Week of First Observation 95 
Life Table Tests (d) P = 0.440 
Incidental Tumor Tests (d) P = 0.429 
Cochran-Armitage Trend Test (d) P = 0.390 
Fisher Exact Test (d) 

Harderian Gland: Adenoma, Carcinoma, or Adenocarcinoma (0 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 13.7% 
Terminal Rates (c) 3/27 (11%) 
Week of First Observation 95 
Life Table Tests (d) P =  0.345N 
Incidental Tumor Tests (d) P=0.354N 
Cochran-Armitage Trend Test (d) P =  0.406N 
Fisher Exact Test (d) 
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6/45(13%) 
19.2% 
4/27 (15%) 
90 
P = 0.317N 
P=0.323N 

P = 0.296N 

3/50 (6%) 
7.8% 
1/31 (3%) 
80 
P=0.332 
P = 0.279 

P = 0.309 

3/50 (6%) 
7.8% 
1/31 (3%) 
80 
P=0.332 
P=0.279 

P = 0.309 

3/50 (6%) 
9.7% 
3/31 (10%) 
103 
P = 0.1 45 
P =  0.145 

P=0.121 

0/50 (0%) 
0.0% 
0/31(0%) 

P = 0.222N 
P = 0.262N 

P=0.247N 

0/50 (0%) 
0.0% 
0/31(0%) 

P =0.051N 
P = 0.061 N 

P = 0.059N 

6/49 (12%) 
li'.4% 
4/32 (13%) 
99 
P = 0.235N 
P =0.335N 

P =0.239N 

2/49 (4%) 
6.3% 
2/32 (6%) 
103 
P =0.555 
P =0.514 

P = 0.492 

3/49 (6%) 
9.4% 
3/32 (9%) 

P.=0.365 
P:=0.331 

P:= 0.301 

1a3 

1/!50 (2%) 
3.1% 
1/82 (3%) 
103 
P:= 0.534 
P := 0.534 

P := 0.500 

3/50 (6%) 
8.5% 
2/32 (6%) 
89 
Pz.0.562 
P == 0.552 

P 2: 0.500 

3/1iO (6%) 
8.11% 
2/32 (6%) 
89 
P == 0.421N 
P==0.430N 

P =: 0.500N 



TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY 
OF DECABROMODIPHENYL OXIDE (Continued) 

(a) Number of tumor-bearing animaldnumber of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill a s  being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) Includes carcinoma, NOS, adenocarcinoma, NOS, and papillary adenocarcinoma 
(0 Includes adenoma, NOS, papillary adenoma, carcinoma, NOS, adenocarcinoma, NOS, and papillary adenocarcinoma 
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APPENDIX F 

HISTORICAL INCIDENCES OF TUMORS IN F344/N RATS 

AND B6C3F1 MICE RECEIVING NO TREAT:MENT 
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TABLE F1. HISTORICAL INCIDENCE OF LEUKEMIA IN F344/N RATS RECEIVING NO TREATMENT (a) 

Incidence in Controls - 
Male Female 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

458/1,727 (26.5%) 
8.83% 

23/50 
5/50 

307/1,772 (17.3%) 
6.00% 

19/60 
3/50 

(a) Data as of August 3,1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 

TABLE F2. HISTORICAL INCIDENCE OF SPLENIC TUMORS IN MALE F344/N RATS RECEIVING NO 
TREATMENT (a) 

Incidence of Sarcomas 
i n  Controls 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

5/1,706 (0.3%) 
0.74% 

1/45 
OB0 

(a) Data as  of August 3,1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE F3. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Neoplastic Nodule Carcinoma Neoplastic Nod= 

or Carcinoma 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

6111,719 (3.5%) 12/1,719 (0.7%) 7311,719 (4.29h) 
3.34% 0.98% 3.45% 

6/49 
0150 

1/49 
0190 

7/49 
0150 

(a)  Data as  of August 3,1984, for studies ofat least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 

TABLE F4. HISTORICAL INCIDENCE OF PANCREATIC ACINAR CELL TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD ( c )  

Range (d) 
High 
Low 

(b) 311,667 (0.2%) 
0.59% 

1147 
0188 

(a) Data as  of August 3,1984, for studies of a t  least 104 weeks 
(b) No acinar cell carcinomas have been observed. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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TABLE F5. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Neoplastic Nodule Carcinoma Neoplastic Nodule 

or Carcinalma 
~~ ~ 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

4611,766 (2.6%) 311,766 (0.2%) 4811,766 (2.7%) 
2.77% 0.75% 2.99% 

4/50 
0150 

2/50 
0188 

5150 
0150 

(a) Data as  of August 3,1984, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 

TABLE F6. HISTORICAL INCIDENCE OF MUSCULOSKELETAL SYSTEM TUMORS IY MALE F344/N 
RATS RECEIVING NO TREATMENT (a) 

Incidence of Osteoma or Osteosarcoma 
in Controls 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

(b) 811,727 (0.5%) 
0.96% 

2150 
(e) 0150 

(a)  Data as  of August 3,1984, for studies of a t  least 104 weeks 
(b) Includes one osteoma and seven osteosarcomas 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
(e) The low range for osteosarcoma alone is 0190. 
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TABLE F7. HISTORICAL INCIDENCE O F  ZYMBAL GLAND TUMORS IN F344/N RATS RECEIVING NO 
TREATMENT (a) 

- Incidence in Controls 
Male Female 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

(b) 1111,772 (0.6%) 
1.28% 

3/50 
0190 

(c) 6/1,772 (0.3%) 
1.14% 

3/50 
0188 

(a) Data as  of August 3,1984, for studies of a t  least 104 weeks 
(b) Total includes nine squamous cell carcinomas, one carcinoma, NOS, and one ceruminous carcinoma. One squamous cell 
papilloma, three squamous cell carcinomas, three sebaceous adenocarcinomas, and one ceruminous carcinoma of the ear canal 
were also observed; the inclusion of these tumors would not affect the reported range. No benign Zym.ba1 gland tumors were 
observed. 
(c) Total includes one adenocarcinoma, NOS, three squamous cell carcinomas, and two adenosquamous carcinomas. Three 
squamous cell carcinomas of the ear canal were also observed; the inclusion of these tumors would not affect the reported range. 
No benign tumors were observed. 
(d) Standard deviation 
(e) Range and SD are presented for groups of 35 or more animals. 

TABLE FS. HISTORICAL INCIDENCE O F  HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Incidence in  Controls 
Adenoma Carcinoma Adenoma or Carcinoma 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

179/1,784 (10.0%) 377/1,784 (21.1%) 540/1,784 (30.3%) 
7.36% 6.54% 8.04% 

(d) 22/50 
0149 

16/50 
4/50 

(e) 29/60 
7/50 

(a) Data as of August 3,1984, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Second high, 9/60 
(e) Second high, 20150 
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TABLE F9. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN MALE 
B6C3F1 MICE RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Adenoma Carcinoma Adenoma or Carcinoma 

No 2-year studies by Hazleton Laboratories America are  included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

(b) 2611,680 (1.5%) 211,680 (0.1%) 2811,680 (1.7'%) 
2.06% 0.49% 2.09% 

3142 
0150 

1/47 
Ob0 

3/42 
0150 

(a) Data as of August 3,1984, for studies of at least 104 weeks 
(b) Total includes one papillary adenoma and one cystadenoma. 
(e) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 

TABLE F10. HISTORICAL INCIDENCE OF TESTICULAR TUMORS IN MALE B6C3F1 MICE RECEIVING 
NO TREATMENT (a) 

Incidence of 
Interstitial Cell Tumors 

in Controls 
~-~ ~ ~~ ~ 

No 2-year studies by Hazleton Laboratories America are included in the historical data base. 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

511,768 (0.3%) 
0.71% 

1 /48 
OJ60 

(a) Data a8 of August 3,1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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APPENDIX G 

GENETIC TOXICOLOGY OF 

DECABROMODIPHENYL OXIDE 
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TABLE GI. MUTAGENICITY OF DECABROMODIPHENYL OXIDE IN SALMONELLA r r P i t i M u R w M  

Revertants/plate (&b) 
Dose - s9 t S9 (rat) t S9 [hamster) Strain 

(paplate) 

TA100 0 
100 
333 

1,000 
3,333 

10,000 

TA1535 0 
100 
333 

1,000 
3,333 

10,000 

TA1537 0 
100 
333 

1,000 
3,333 

10,000 

TA98 0 
100 
333 

1,000 
3,333 

10,000 

119 f 4.2 
125 f 6.4 
106 k 5.5 
234 f 6.8 
122 f 18.4 
118 f 13.5 

29 f 0.9 
24 f 3.2 
34 f 2.0 
26 f 1.5 
27 k 1.2 
19 f 3.0 

5 f 0.7 
9 f 0.9 
9 f 4.2 
8 f 2.1 

10 f 2.5 
10 f 2.3 

23 f 4.9 
22 f 2.7 
17 f 2.0 
18 f 0.6 
20 f 2.9 
20 f 0.3 

121 f 7.8 
142 f 6.4 
131 f 5.0 
137 f 9.8 
178 f 8.7 
130 f 17.3 

13 f 0.6 
9 k 1.5 
4 f 0.3 
8 f 2.8 

12 f 1.7 
12 f 3.5 

8 f 1.0 
10 f 1.5 
10 f 1.5 
7 f 1.3 

13 f 2.1 
11 f 3.4 

36 f 3.3 
29 f 2.7 
27 f 6.2 
25 f 5.2 
34 k 1.8 
37 k 5.3 

llP f 6.7 
1412 f 5.0 
1315 f 18.1 
131 f 8.7 
131 f 9.0 
131 f 1.7 

11 f 1.8 
11 f 2.8 
'3 f 1.7 

1 3  f 3.3 
13 f 2.0 
14 f 1.2 

9 f 1.8 
5 f 2.1 

13 k 2.1 
12 f 1.9 
16 f 2.0 
14 f 0.3 

28 f 2.0 
33 ?I 3.8 
38 k 5.5 
39 f 2.8 
43 f 2.8 
56 f 0.3 

(a) The S9 fractions were prepared from the livers of Aroclor 1254-induced male Sprague-Dawley rats and male Syrian 
hamsters. Cells and study compound or solvent (DMSO) were incubated for 20 minutes at 37" C in the presence of either S9 or 
buffer. After the addition of soft agar, the contents of each tube were poured onto minimal medium, and the plates were in- 
cubated at 37" C for 48 hours (Haworth et  al., 1983). The experiment was performed twice, each i i i  triplicate; because the 
results were similar, data from only one experiment are shown. 
(b) Mean f standard error 
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TABLE G2. MUTAGENICITY OF DECABROMODIPHENYL OXIDE IN LSl78YRK''- MOUSE LYMPHOMA 
CELLS IN THE ABSENCE OF SQ (a) 

Total Relative Mut.ation Frequency 
Compound Dose Mutant Clones Cloning Efficiency Total Growth (mutants/lOO 

(pg/ml) (percent) (percent) donable  cells) 

134 
103 
140 
178 

Ethyl methanesulfonate 

15 750 
762 

Decabromodiphenyl oxide 

7 77 
143 

8 97 
180 

9 49 
130 

10 115 
152 

98 
105 
115 
100 

57 
70 

89 
90 

81 
118 

90 
99 

97 
104 

100 
100 
100 
100 

32 
36 

87 
88 

85 
125 

86 
93 

91 
99 

45 
33 
41 
59 

436 
365 

29 
53 

40 
51 

35 
44 

40 
49 

(a) Experiments were performed twice, all doses were tested in duplicate, except the solvent control (DMSO), which was tested 
in triplicate. Because the results were similar, data from only one experiment are shown. The protocol was basically that of 
Clive et  al. (1979). Cells (6 X lOVml) were treated for 4 hours a t  37" C in medium, washed, resuspended in medium, and 
incubated for 48 hours a t  37" C. After expression, 3 X 106 cells were plated in medium supplemented with trifluorothymidine 
for selection of cells that were mutant a t  the thymidine kinase (TK) locus, and 600 cells were plated in nonselective medium to 
determine the percentage of viable cells. 
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TABLE G3. MUTAGENICITY OF DECABROMODIPHENYL OXIDE IN L5178YmK''- MOUSE LYMPHOMA 
CELLS IN THE PRESENCE OF SQ (a) 

Total Relative Mutation Frequency 
Compound Dose Mutant Clones Cloning Efficiency Total Growth (mutantsllO6 

(pg/ml) (percent) (percent) clonable cells) 

DMSO 

3-Methylcholanthrene 

2.5 

Decabromodiphenyl oxide 

7 

8 

9 

10 

117 
90 
90 
87 

544 
474 

75 
91 

58 
97 

51 
85 

114 
94 

78 
77 
66 
68 

53 
36 

57 
53 

64 
124 

55 
60 

83 
52 

100 
100 
100 
100 

35 
31 

74 
84 

84 
158 

70 
76 

104 
72 

50 
39 
45 
43 

344 
437 

44 
57 

30 
26 

31 
48 

46 
61 

(a) Experiments were performed twice, all doses were tested in duplicate, except the solvent control ([DMSO), which was tested 
in triplicate. Because the results were similar, data from only one experiment are shown. The protocol was basically that of 
Clive et  al. (1979). Cells (6 X lO5/ml) were treated for 4 hours a t  37" C in medium, washed, resilspended in medium, and 
incubated for 48 hours a t  37" C. After expression, 3 X 106 cells were plated in medium supplemented with trifluorothymidine 
for selection of cells that were mutant a t  the thymidine kinase (TK) locus, and 600 cells were plated in nonselective medium to 
determine the percentage ofviable cells. S9 was prepared from the livers ofAroclor 1254-induced ma:le F344/N rats. 
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TABLE G4. INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTICR OVARY CELLS 
BY DECABROMODIPHENYL OXIDE (a) 

t 59 (c) - 59 (b) 
Dose SCEICell Dose SCE/Cell 

(pg/ml) (pg/ml) 

DMSO 
10 d 

Decabromodiphenyl oxide 
50 

100 
250 
500 

Mitomycin C 
0.001 
0.010 

8.5 
DMSO 
10 d 9.3 

Decabromodiphenyl oxide 
8.1 50 8.6 
7.9 100 9.3 
8.1 250 8.4 
7.6 500 8.8 

Cyclophosphamide 
11.1 0.3 
49.0 2.0 

12.9 
35.6 

(a) SCE = sister-chromatid exchange 
(b) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours a t  37" C. Then 
BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU (10 pM) and 
colcemid (0.1 &ml) was added, and incubation was continued for 2-3 hours. Cells were then collecbsd by mitotic shake-off, 
treated for 3 minutes with potassium chloride (75 mM), washed twice with fixative, and dropped onto slides and air dried. 
Staining was by a modified technique (after Perry and Wolff, 1974; Goto et  al., 1978). 
(c) In the presence of S9, cells were incubated with study compound or solvent for 2 hours at 37°C. Then cells were washed, and 
medium containing 10 pM BrdU was added. Cells were incubated for a further 26 hours, with colcemid (0.1 pg/ml) present for 
the final 2-3 hours. S9 was from the livers of Aroclor 1254-induced male Sprague-Dawley rats. 

TABLE G5. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY DECABROMODIPHENYL OXIDE (a) 

- 59 (b) + $9 (c) 
Dose Abs/100 Cells Dose AbsU00 Cells 

(pdml) (percent cells w/abs) (pg/ml) (percent cells wlabs) 

DMSO 
10 p1 

Decabromodiphenyl oxide 
50 

100 
250 
500 

Mitomycin C 
0.150 
0.250 

1 
DMSO 
10 pl 

Decabromodiphenyl oxide 
0 50 
0 100 
1 250 
0 500 

Cyclophosphamide 
16 15.0 
22 30.0 

1 

28 
40 

(a) Abs = aberrations 
(b) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent for 8-10 hours a t  37" C. 
Cells were then washed, and fresh medium containing colcemid (0.1 pg/ml) was added. After a further 2-3 hours of incubation, 
cells were harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. 
(c) In the presence of S9, cells were incubated with study compound or solvent for 2 hours a t  37°C. Cells were then washed, 
medium was added, and incubation was continued for 8-10 hours. Colcemid (0.1 pg/ml) was added lbr the last 2-3 hours of 
incubation; then cells were harvested and fixed as described in footnote (b). S9 was from the livers of Aroclor 1254-induced male 
Sprague-Dawley rats. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

I. Identity and Purity Determinations of Decabromodiphenyl Oxide Performed by the 
Analytical Chemistry Laboratory 

Determined - Literature Values 

A. Lot NO. 08287-2 

1. Physical properties 

a. Appearance: Fine, off-white, microcrystalline powder 

b. Melting point: 298.4'-302.5' C 
299.0'-302.0" C 
(Dupont 900 DTA) 

2. Spectral data 

a. Infrared 

Instrument: Beckman IR-12 

Phase: 1% potassium 
bromide pellet 

Results: See Figure 5 

290"-306' C 
(Norris et al., 1973; 
Kociba et al., 1975; 
AIHA, 1981) 

No literature reference 
found. Consistent with 
structure. 

b. Ultraviolet/visible 

Instrument: Cary 118 

Solvent: p-Dioxane 

Results: There was no absorbance Nlo literature reference 
between 800-350 nm. found. Consistent 

w:ith structure. 
A max (nm) E x 10-3 

306 (shoulder) 2.480 f 0.007 
277 5.593 f 0.033 

3. Water analysis (Karl Fischer): 0.04% k 0.01 (61% 

4. Elemental analysis 

Element C Br 

Theory (TI 15.02 83.31 

Determined (D) 15.02 83.39 
15.20 83.26 

Percent D/" 100.60 100.02 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

5. Chromatographic analyses 

a. Thin-layer chromatography 

Plates: System I--Whatman KC18 reversed-phase with fluorescent indicator 
System II--Silica Gel 60 F-254 
Reference standard: 2,4,6-Tribromophenol, 40 pg (10 pg/pl in t,oluene) 
Amount spotted: 100 and 300 pg (10 pg/pl in toluene) 
Visualization: Ultraviolet, 254 nm 

System 1: Methanol (100%) 

Rf: 0.47 (major) 
Rst: 0.56 

System 2 Hexane (100%) 

Rf: 0.68 (major) 
RSt: 6.48 

b. High-performance liquid chromatography 

Instrument: Waters Programmable Component System 
Column: pBondapak CIS, 300 mm X 4 mm, ID 
Detector: Ultraviolet, 254 nm 
Flow rate: 1 ml/min 
Sample injected: 10 pl of 0.5 mg/ml in tetrahydrofuran 
Solvent program: Methanol (Fischer HPLC):water (955) 
Results: Major peak, one minor peak, and one shoulder on the minor peak 

Retention Time Area 
Retention Relative to (percent of 

Peak No. Time (min) Maior Peak major peak) 

1 9.1 
2 9.8 
3 12.0 

0.76 } 
0.82 

1.31 

1.00 100 

Note: Reducing the solvent ratio from 95% methanol to 70% methanol increased the retention 
time of the major peak to 18 minutes. No additional impurity peaks were detected. 

c. Gas chromatography: Gas chromatography was attempted with an  SP-2100 
column. The compound would not elute even at  high isothermal t,emperatures. 

6. Conclusions: The results of elemental analysis for carbon and bromine were consistent 
with the theoretical values. Thin-layer chromatography by two systems indicated a 
major spot only. High-performance liquid chromatography indicated two impurities 
before the major peak. The smaller of these impurities was detected as a shoulder on the 
larger impurity peak. The combined area of the two impurities was 1.3% of the major 
peak area. The infrared and the ultraviolet/visible spectra were consistent with the 
structure. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

Determined 
B. Lotno. D12478 

1. Physical properties 

Appearance: 

2. Spectral data 

a. Infrared 

Instrument: 

Phase: 

White, microcrystalline powder 

Beckman IR-12 

1% in potassium 
bromide pellet 

Results: 

b. Ultraviolet/visible 

Instrument: 

Solvent: 

Results: 

See Figure 6 

Cary 118 

1 ,4-dioxane 

No maximum from 800 to 
350 nm, but a gradual 
increase in absorbance 
toward 350 nm. 

Amax(nm) E x 10-3 

306 2.314 f 0.02(6) 
277 5.313 f 0.09(6) 

3. Water analysis (Karl Fischer): <0.05% 

4. Elemental analysis 

Element C Br 

Theory (TI 15.02 83.31 

Determined (D) 14.79 83.55 
14.75 83.74 

Percent D/" 98.34 100.40 

Literature values - 

No literature reference 
found. Consistent with 
structure. 

No literature reference 
found. Consistent 
with structure. 
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APPENDIX H. CHEMICAL CHARACTYERIZATION 

6. Chromatographic analysis 

a. Thin-layer chromatography 

Plates: Silica Gel 60 F-254,0.25 mm layer 
Reference standard: 2,4,6-Tribromophenol(lO mg/ml in toluene) 
Amount spotted: 10 and 30 pg (1 mg/ml in toluene) 
Visualization: Ultraviolet (254 nm) 
Solvent system: Hexane (100%) 

Results 

Rf: 0.35 (major) 
Rst: 9.6 

b. High-performance liquid chromatography (HPLC) 

Instrument system 
Pump(s): Waters 6000A 
Programmer: Waters 660 
Detector: Waters 440 
Injector: Waters U6K 

Column: VBondapak CIS,  300 mm X 3.9 mm, ID 
Detection: Ultraviolet, 254 nm 
Guard column: C0:PELL ODS, 72 mm X 2.3 mm, ID 
Solvent system: Acetonitri1e:water (9O:lO) 
Flow rate: 1 ml/min 
Samples injected: 10 p1 solution of 0.4 mg decabromodiphenyl oxide per 1 ml 
tetrahydrofuran 

Results: Major peak and two impurities before the major peak with relative areas of 
1.5% and 1.3%. A system using 100% acetonitrile, isocratic, revealed no additional 
impurities, and the retention time of the major peak was 7.5 minutes. 

Retention Time Area 
Retention Relative to (percent, of 

Peak No. Time (min) Major Peak ma-ior peak) 

1 13.5 0.81 1.5 
2 14.5 0.87 1.3 
3 16.75 1.00 100 

6. Conclusions: The result of elemental analysis for bromine was in agreement with the 
theoretical value, whereas that for carbon was slightly low. Thin-layer chromatography 
indicated a major spot only. High-performance liquid chromatography indicated two 
impurities before the major peak with areas totaling 2.8% of the area of the major peak. 
The two impurities had areas 1.5% and 1.3% of the major peak area. This HPLC 
analysis compares with two impurities before the major peak with a combined area of 
1.3% of the major peak for lot no. 08287-2. The infrared and ultraviolet/visible spectra 
were consistent with the structure of decabromodiphenyl oxide and with the spectra for 
lot no. 08287-2. 
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APPENDIX H. CHEMICAL CHARACTERIZATI0:N 

C. Lotno. MM04080-1 

1. Appearance: 

2. Spectral data 

a. Infrared 

Instrument: 

Phase: 

Results: 

b. Ultraviolet/visible 

Instrument: 

Solvent: 

Results: 

Determined Literature Values 

White, microcrystalline powder 

Beckman IR-12 

1% potassium 
bromide pellet 

See Figure 7 No literature reference 
found. Consistent with 
struct#ure. 

Cary 118 

p-Dioxane 

There was no absorbance 
between 800-350 nm at  a 
concentration of 0.13 mg/ml struct,ure. 

No literature reference 
found. Consistent with 

306 2.46 * 0.03 
(a) 296 2.77 k 0.02 

276 5.57 k 0.08 

(a) Observed in spectrum of lot no. D12478 
but not calculated or reported 

3. Water analysis (Karl Fischer): < 0.1% 

4. Elemental analysis 

Element C Br 

Theory (T) 15.02 83.31 

Determined (D) 14.52 82.73 
14.34 82.79 

Percent DPT 96.07 99.34 
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APPENDIX H. CHEMICAL CHARACTERIZATIOJSI 

6. Chromatographic analyses 

a. Thin-layer chromatography 

Plates: System I--Silica Gel 60 F-254,0.25 mm layer; System II--Whatman KC18 
reversed-phase with fluorescent indicator, 0.25 mm layer 
Reference standard: 2,4,6-Tribromophenol, 10 pg (1 p1 of a 10 pg/pl solution in 
toluene) 
Amount spotted: 1, 10, and 30 pg (1,10, and 30 p1 of a 1 pg/pl solution in toluene) 
Visualization: Ultraviolet, 254 nm 

System 1: Hexane (100%) 
System 2 Methanol (100%) 

Results 

SPO! 
Intensitv & ,st R 

System 1 

Major 0.52 5.2 
Trace origin -- 
Reference 0.10 -- 

System 2 

Major 0.21 0.29 
Trace origin -_ 
Reference 0.72 -- 

b. High-performance liquid chromatography 

Instrument system 
Pump: Varian 5020 liquid chromatograph 
Detector: Waters 440 
Injector: Waters U6K 

Column: pBondapak CIS,  300 mm X 3.9 mm, ID 
Guard column: Whatman C0:PELL ODs, 72 X 2.3 mm, ID 
Detector: Ultraviolet, 254 nm 
Solvent system: Water:acetonitrile (23:77), isocratic 
Flow rate: 1 ml/min 
Sample injected: 10 p1 of 0.5 mg/ml in tetrahydrofuran, filtered 

Results: Major peak and three impurities before the major peak with relative areas 
of 0.23%, 2.0%, and 2.3% that of the major peak. Another impurity before the major 
peak had a relative area of less than 0.1% that of the major peak. No additional im- 
purities were observed when the sample solution was injected a t  1008, 901, and 
80% acetonitrile, A visual comparison of profiles between lot no. 1112478 and lot no. 
MM04080-1 indicated the same impurities in both samples but a t  lower levels in lot 
no. D12478. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

Retention Time Area 
Retention Relative to (percent of 

Peak No. Time (min) Maior Peak maior peak) 

1 13.1 0.68 0.23 
2 14.8 0.76 2.0 
3 16.0 0.82 2.3 
4 19.4 1.00 100 

6. Conclusions: The results of the elemental analysis for carbon arid bromine were low 
when compared with the theoretical values. Water content was found to be less than 
0.1% by Karl Fischer analysis, compared with less than 0.05% for lot no. D12478. Thin- 
layer chromatography indicated a major spot and a trace impurity on each of two 
systems. High-performance liquid chromatography indicated three impurities before 
the major peak with relative areas that were 0.23%, 2.0%, and 2 3%. One additional 
impurity before the major peak had a relative area of less than 0.1% that of the major 
peak. Major peak comparison of lot nos. D12478 and MM04080-1 indicated that lot no. 
MM04080-1 was 95.2% k l.O(S)% when normalized to lot no. D12478. The infrared and 
ultraviolet/visible spectra were consistent with the structure of decabromodiphenyl 
oxide and with the spectra for lot no. D12478. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

D. Lot no. MM811102-3-1 

1. Appearance: 

2. Spectral data 

a. Infrared 

Instrument: 

Phase: 

Results: 

Determined Literature Values 

White, crystalline powder 

Perkin-Elmer 283 

2% in potassium 
bromide pellet 

See Figure 8 No literature reference 
found. Consistent with 
structure. 

b. Ultraviolet/visible 

Instrument: Cary 219 

Solvent: p-Dioxane 

Results: No absorbance observed No liter,ature reference 
from 800 to 350 nm a t  a 
concentration of 0.12 mg/ml 

found; spectra consistent 
with structure. 

A max Inm) x 10-3 
306 2.46 f O.Ol(6)  

2.74 rtr O.Ol(6)  
276 (shoulder) 5.55 f 0.02(6) 

(a) 296 (shoulder) 

(a) Observed in spectrum of lot no. 
D12478 but not calculated or reported 

3. Water analysis (Karl Fischer): 0.010% k 0.001(6)% 

4. Elemental analysis 

Element C Br 

Theory (TI 15.02 83.31 

14.83 83.42 

Percent DPT 98.87 100.06 

Determined (D) 14.87 83.30 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

6. Chromatographic analysis 

a. Thin-layer chromatography 

Plates: System 1--Silica Gel 60 F-254,0.25 mm layer; System 2--Whatman KCla 
reversed-phase with fluorescent indicator, 0.20 mm layer 
Reference standard: 2,4,6-Tribromophenol, 10 pg (1 p1 of a 10 pg/pl solution in 
toluene) 
Amount spotted: 1, IO, and 30 pg (1, 10, and 30 p1 of a 1 pg/pl solution in toluene) 
Visualization: Ultraviolet (254 nm) 

System I: Hexanes (100%) 
System 2 Methanol (100%) 

Results 

spot 
Intensity B Est 

System 1 

Major 0.39 6.5 
Reference 0.06 -- 

System 2 

Major 0.23 0.32 
Minor origin -- 
Reference 0.72 -- 

b. High-performance liquid chromatography 

(I) Impurity profile 

Instrument system 
Pump(s): Waters 6000A 
Programmer: Waters 660 
Detector: Waters 440 
Injector: Rheodyne 7125 with 10 p1 loop 

Column: pBondapak C18,300 mm X 3.9 mm, ID 
Detection: Ultraviolet, 254nm 
Guard column: Whatman COPELL ODs, 72 mm X 2.3 mm, ID 
Solvent system: Water:ace tonitrile (1 2: 88), isocratic 
Flow rate: 1 ml/min 
Samples injected: 0.45 mg/ml decabromodiphenyl oxide in tetrahydrofuran, 
filtered 
Volume injected: 10 p1 

Results: Major peak and three impurities before the major peak with relative 
areas greater than or equal to 0.1% of the major peak area. Two of the impurities 
had areas 1.3% that of the major peak. A system using 100% and 90% acetoni- 
trile showed no additional peaks. 
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APPENDIX H. CHEMICAL CHARACTECRIZATION 

Re ten tion Time 
Retention Relative to (percent abf 

Peak No. Time (min) Maior Peak maior ~ealkJ 

Area (a) 

1 15.2 0.70 0.1 
2 17.0 0.78 1.3 
3 18.4 0.85 1.3 
4 21.7 1.00 100 

(a) Detector response is very dependent on the absorbance of a substance at the detection wavelength 
used. The values reported are absolute areas expressed as percentages of the area of the major peak 
and do not take into account the different molar absorptivity values of the compound and ita impuri- 
ties. Therefore, the areas reported do not necessarily reflect the actual weiight percentages of the 
impurities in the sample. 

Major peak lot comparison: Lot no. MM811102-3-1 and lot no. D12478 were 
analyzed for content of decabromodiphenyl oxide by high-performance liquid 
chromatography. Major peak areas were compared with internal standard peak 
areas, and the percent of decabromodiphenyl oxide in lot MM81 1102-3-1 was 
calculated relative to lot no. D12478. The instrument system described in 
I.D.5.b.(1) was used with the following changes. 

Integrator: Varian CDSlllL 
Guard column: None 
Solvent system: Water: acetonitrile (6:94), isocratic 
Samples injected: Accurately weighed solutions containing approximately 
0.24 mg/ml of decabromodiphenyl oxide and 8.86 X 10-3 mg/ml of the internal 
standard, anthracene, in tetrahydrofuran. The solutions were filtered into am- 
ber septum vials. 
Retention times: Anthracene-4.0 min; decabromodiphenyl oxide--10.5 min 

Results 

Percent Decabromodiphenyl Orride 
Compared with Lot No. D12478 Sample 

Lot no. D12478 
Lot no. MM811102-3-1 

100.0 k O.l(S) 
100.5 f 0.2(6) 

6. Conclusions: The results of the elemental analysis for carbon and bromine were consistent 
with the theoretical values. Water content (Karl Fischer titration) was 0.010% k 0.001(6)% 
compared with less than 0.05% for lot no. D12478. Thin-layer chromatography indicated a 
major spot and a minor impurity by one system and a major spot only by a second system. 
High-performance liquid chromatography indicated three impurities with areas totaling 2.7% 
that of the major peak. The three impurities before the major peak had relative areas of 0.1%, 
1.3%, and 1.3% that of the major peak. A similar impurity profile was detected for lot no. 
D12478: three impurities before the major peak with relative areas of 0.1%, 1.6%, and 1.3% 
that of the major peak. Major peak comparison of lot no. D12478 and lot no. MM811102-3-1 
indicated that lot no. MM811102-3-1 was 100.5% f 2.0(6)% pure when normalized to lot no. 
D12478. The infrared and ultraviolet/visible spectra were consistent witch the spectra for lot 
no. D12478 and with the structure of decabromodiphenyl oxide. 
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II. Chemical Stability Study Performed by the Analytical Chemistry Laboratory 

A. Sample storage: The decabromodiphenyl oxide samples were stored at -2O", 5", 25", and 
60" C for 2 weeks in glass tubes with Teflon@-lined lids. 

B. Analytical method: The high-performance liquid chromatographic system used is de- 
scribed below. The major peak areas of the 5", 25", and 60" C samples were compared with 
the average of the major peak areas for the -20" C sample injections, which served as the 
standard. Each area was adjusted for the weight of the sample. 

Instrument: Waters Programmable Component System 
Column: pBondapak c18,300 X 4 mm, ID 
Detector: Ultraviolet, 254 nm 
Solvent: Acetonitrile (loo%), 1 mumin 
Retention time: 5.9 min 

C. Results 

Storage TemDerature Percent Puritv 

- 20" c 
5" c 

25" C 
60" C 

100.0 * 0.9 
99.2 It 0.9 
100.3 k 0.9 
99.6 It 0.9 

D. Conclusion: Decabromodiphenyl oxide is stable as the bulk chemical for 2 weeks at 
temperatures up to 60" C. 
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III. Chemical Stability Study at the Study Laboratory 

A. Identity determination by infrared spectroscopy 

Instrument: Perkin-Elmer 597 
Phase: 1% Potassium bromide pellet 

B. Purity determination 

1. Thin-layer chromatography: Solutions of decabromodiphenyl oxide were prepared 
and processed simultaneously with an  internal standard solution of 2,4,6-tribromo- 
phenol. 

Plates: Silica gel 60, F-254 nm, 0.25-mm layer 
Solvent system: 100% Hexane at  ambient temperature 
Visualization: Ultraviolet lamp at  254 nm 
Reference standard: 2,4,6-tribromophenol(lO mg/ml in toluene) 
Sample solutions: Decabromodiphenyl oxide (1 mg/ml in toluene) 
Amount spotted: 20 pl of each 

2. High-performance liquid chromatography 

Instrument: Waters HPLC model 440 with ultraviolet detector at 2614 nm 
Column: PBondapak Cl8 (3.9 mm X 300 mm) with C0:PELL ODS guard column 
Mobile phase: Water:acetonitrile (10:90), isocratic, 1.0 ml/min 
Chart speed: 0.5 idmin 
Attenuation: 0.1 
Standard: Solutions of 0.4 mg/ml decabromodiphenyl oxide in tetrahydrofuran 
Injection volume: 10 p1 

C. Results 

1. Thin-layer chromatography 

Date of Reference Bulk 
Analysis Lot No. Rf Rst Rf Rst 

04/02/79 08287-2 0.69 5.31 0.66 6.25 
04113179 08287-2 0.58 5.80 0.57 5.70 
08/13/79 D12478 0.70 7.00 0.70 7.00 
12/09/79 D12478 0.60 5.00 0.60 5.00 
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2. High-performance liquid chromatography 

Date of 
Analysis Lot No. 

02/11/80 
OW1 1/80 
05/09/80 
09/24/80 
01/07/81 
05/12/81 
09/25/81 
01/27/82 
031 18/82 
10/18/82 

08287-2 
D12478 
MM04080-1 
MM04080-1 
MM04080-1 
MM04080-1 
MM04080-1 
MM04080-1 
MM81 1102-3-1 
MM811102-3-1 

Purity (Dercenf) 
Reference Bullk 

97.24 97.019 
97.24 97.28 
97.75 96.67 
96.47 96.47 
95.36 95.34 
95.56 95.66 
95.99 95.56 
96.22 95.60 
95.50 97.30 
97.75 97.70 

D. 

High-performance liquid chromatography replaced thin-layer chromatography as the purity 
analytical method because the purity results obtained from the thin-layer chromatography 
analyses were not consistent. 

Conclusion: No notable degradation of the test material occurred during; the studies. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

IV. Isolation and Identification of Impurities in Decabromodiphenyl Oxide 

A. Introduction: The purpose of this analysis was to isolate and identify two impurities 
previously observed in the lot no. MM811 102-3-1 of decabromodipheinyl oxide by high- 
performance liquid chromatography (HPLC). The two impurity peak areas were 1.3% and 
1.6% relative to the major peak in the previous HPLC analysis. 

The HPLC method developed by the Dow Chemical USA was used without modification for 
the impurity profile analysis and subsequent isolation of the major impurities in this lot of 
decabromodiphenyl oxide. These HPLC fractions were then analyzed b'y direct inlet mass 
spectrometry to identify the two impurities. 

B. High-performance liquid chromatography 

1. Sample preparation: A solution (approximately 0.5 mg/ml) of decabromodiphenyl 
oxide was prepared in tetrahydrofuran and filtered for HPLC analysiis. 

2. Instrumental system 

Solvent delivery system: Varian 5020 HPLC 
Detector: Tracor 970A 
Injector: Waters WISP 710B 
Electronic integration: Nelson 4400 Data System 
Detection: Ultraviolet, 220 nm (254 nm was used in the previous analysis) 
Column: Dupont Zorbax ODs, 250 X 4.6 mm ID 
Guard column: Whatman C0:PELL ODs, 23 X 3.9 mm ID 
Mobile phase: 100% Acetonitrile, 1.2 ml/min 
Volume injected: 10 p1 
Column temperature: 40" C 

3. Results: A major peak and three impurity peaks, with areas greater than 0.1% relative 
to the major peak (Figure 91, were observed. All the impurity peaks eluted before the 
major peak. 

Retention Time 
Retention Time (relative to Area (a) (percent 

Peak No. (min) major peak) of major peak) 

1 ? .? 
2 8.2 
3 9.3 
4 10.5 

0.73 
0.78 
0.89 
1.00 

0.3 
3.7 
1.7 

100 

(a) Detector response is very dependent on the absorbance of a substance at the detection wavelength 
used. The values reported are absolute areas expressed as percentages of the area of the m.ajor peak and 
do not take into account the different E values of the compound and its impurities. Therefore, the areas 
reported do not necessarily reflect the actual weight percentages of the impurities in the sample. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

C. Ultraviolet/visible spectra of the major component and impurities 

1. Sample preparation: A 2.3 mg/ml solution of decabromodiphenyl oxide was prepared 
volumetrically in tetrahydrofuran. The solution was filtered for HPLC analysis. 

2. Instrument system: Ultraviolet/visible spectra of the major peak ;Ind the impurity 
peaks were obtained with a Hewlett-Packard 1040A high-speed spectrophotometric 
HPLC detector. The HPLC conditions described above were used, with the following ex- 
cep tions: 

Injector: Rheodyne 7125 
Detector: Hewlett-Packard 1040A 

Monitoring wavelength: 220 nm 
Lamp current: Low 
Scanning range: 190-600 nm 
Scanning step: 2 nm 

3. Results: The spectra of decabromodiphenyl oxide and its major impurities are pre- 
sented in Figure 10. The spectra are very similar, indicating that the two impurities are 
probably compounds that have structures closely related to the major component. The 
absorbance maxima of the three peaks are also quite near the detection wavelength used 
in the impurity profile analysis. The relative area percent values reported for the im- 
purities in the impurity profile should therefore closely approximate their actual concen- 
trations in the sample. 

D. Isolation of the major component and two impurities 

1. Procedure: A concentrated solution of decabromodiphenyl oxide was prepared in tetra- 
hydrofuran and repeatedly injected into an HPLC system similar to that used for the 
impurity profile. The fractions containing the two largest impurities and the major peak 
were collected as they eluted from the analytical column. The fractions were immersed 
in a 50" C water bath and evaporated to dryness under a stream of purified nitrogen. 
The samples were then stored at  -20" C before analysis by direct inlet mass spec- 
trometry (Section 1V.E.). 

2. Instrument system: The instrumental parameters described in IV.B.2. were used with 
the following exceptions: 

Injector: Rheodyne 7125 
Samples injected: Solutions of 6.0 mg/ml decabromodiphenyl oxide in 
tetrahydrofuran, filtered 
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APPENDIX H. CHEMICAL CHARACTE:RIZATION 

E. Identification of impurities by mass spectrometry 

1. Sample preparation: The three HPLC fractions were reconstitutedl in 50 p1 of aceto- 
nitrile. Aliquots (1-5 pl) of the reconstituted samples were evaporated in a gold cup for 
direct inlet mass spectrophotometric analysis. 

2. Instrument system 

Instrument: Finnigan MAT 31 1-A mass spectrometer 
Data processor: Incos 2400 Data System 
Electron energy: 70 eV 
Scan range: 50-1,075 amu 
Scan rate: 7.00 seclscan 
Scan times: Up: 5.70 Top: 0.30 

Electron multiplier voltage: - 1800 V 
Emission current: 1 mA 
Resolution: 1,000 
Accelerator voltage: 3000 V 
Sample introduction: Direct inlet probe (gold cup) 
Probe temperature program: 30"-450" C in 1,000 sec 
Probe temperature at sampling point: Approximately 250" C 

Down: 0.00 Bottom: 1.00 

3. Results 

Peak no. 4 (major component of decabromodiphenyl oxide): The mass list is 
presented in Table H1. The spectrum was found to be consistent with a literature 
reference mass spectrum of decabromodiphenyl oxide (EPNNIH, 1980). An abundant 
molecular ion cluster (m/z 950-m/z 958) was observed with an  isotopic ratio consistent 
with that for a molecule containing 10 bromine atoms. The fragmentation observed 
indicated several losses of Br and Br2 from the molecular ion. A mass spectrum of the 
major component is presented in Figure 11. 

Peak no. 2 The mass list obtained from peak no. 2 is presented i n  Table H2. This 
impurity was identified from the mass spectrum as an isomer of nonabromodiphenyl 
oxide (C12HOBrg). A molecular ion was observed a t  m/z 871 (nominal mass for 79Br, 
78.9183, was used for molecular weight calculations). The isotopic ratio for the 
molecular ion cluster was consistent with the theoretical isotopic pattern for a molecule 
containing nine bromine atoms. An initial loss of 80 amu (HBr) from the molecular ion 
was observed. Subsequent losses of 79 (Br) and 159 amu (Bra) were re:peatedly observed, 
yielding a fragmentation pathway analogous to that observed for the major component. 
The loss of 28 amu from the m/z 640 ion was observed at m/z 612, indicating the loss of 
CO which is characteristic of aromatic diphenylethers. A specific isomer of nonabromo- 
diphenyl oxide was not identified. A mass spectrum of the impurity is presented in 
Figure 12. 
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TABLE H1. TABULATED MASS SPECTRUM FOR DECABROMODIPHENYL OXIDE (PISAK NO. 4) 

Relative Abundance Relative Abundlance 
Mass (percent of base peak) Mass (percent of base peak) 

35.32 1.08 302.75 5.23 
43.98 2.45 303.78 1.55 
60.03 1.53 304.78 2.91 
66.02 1.27 305.78 4.09 
72.02 1.77 306.75 3.04 
78.96 3.05 307.75 1.13 
79.97 3.40 308.78 2.87 
80.95 3.14 310.78 8.08 
8 1.97 3.27 312.75 8.10 
106.97 0.27 314.75 2.51 
132.00 5.50 317.75 3.73 
138.92 7.49 318.75 8.68 
140.92 7.50 319.25 1.25 
144.92 1.88 319.75 12.06 
145.92 3.34 320.25 1.59 
146.94 2.04 320.75 8.71 
150.92 4.94 321.75 1.26 
152.92 5.00 321.75 3.51 
166.92 1.31 343.25 1.04 
168.95 2.46 344.25 3.06 
186.42 1.53 345.25 5.11 
210.94 1.78 346.25 5.12 
217.84 6.66 347.25 2.90 
219.84 13.29 358.25 1.64 
220.86 1.22 358.75 2.04 
221.84 6.30 359.22 2.86 
224.84 1.24 359.75 3.38 
225.84 1.74 360.22 2.98 
226.84 1.19 360.75 3.24 
229.84 10.14 361.22 1.71 
231.84 20.14 361.75 1.89 
232.84 1.67 368.78 1.56 
233.84 9.87 370.78 4.26 
234.86 1.07 372.78 4.28 
238.87 1.22 374.75 1.48 
239.84 1.22 377.69 1.79 
240.87 1.10 379.69 2.68 
247.84 1.31 381.69 1.68 
265.31 5.94 387.69 1.67 
265.81 1.46 389.69 6.24 
266.31 6.20 391.69 9.43 
267.28 3.33 393.69 6.13 
274.75 1.12 395.69 2.54 
276.75 1.07 396.69 7.65 
289.84 1.74 397.19 1.07 
291.84 3.42 397.69 24.93 
293.84 1.78 398.19 3.34 
296.75 5.67 398.69 49.90 
298.78 15.79 399.19 6.66 
300.75 15.76 399.69 60.61 
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TABLE H1. TABULATED MASS SPECTRUM FOR DECABROMODIPHENYL OXIDE (PEPLK NO. 4) 
(Continued) 

Relative Abundance Relative Abundiance 
Mass (percent of base peak) Mass (percent of base peak) 

400.19 8.10 715.44 1.14 
400.69 47.95 716.44 2.53 
401.19 6.41 717.44 3.49 
401.69 23.00 718.44 4.64 
402.19 3.27 719.44 5.62 
402.69 6.57 720.44 4.62 
403.69 1.93 721.44 5.63 
405.69 4.03 722.44 3.02 
407.69 5.61 723.44 3.22 
409.69 3.65 724.44 1.15 
438.16 1.30 725.44 1.10 
439.16 2.09 791.37 1.62 
440.16 2.15 793.37 12.50 
441.16 1.29 794.37 1.63 
454.62 1.59 795.37 41.89 
456.62 6.29 796.37 5.64 
458.62 11.77 797.37 82.89 
460.62 11.47 798.37 11.11 
462.62 5.48 799.37 100.00 
464.62 1.10 800.37 13.39 
470.62 1.20 801.37 78.40 
472.62 1.15 802.37 10.69 
477.69 1.80 803.37 38.71 
479.69 2.64 804.37 4.96 
481.69 1.67 805.37 11.29 
486.62 1.21 806.37 1.48 
488.62 1.38 807.37 1.26 
528.62 3.88 875.31 1.02 
530.62 8.00 876.31 1.15 
53 1.62 1.02 877.31 2.38 
532.62 7.75 878.31 1.89 
534.62 3.79 879.31 3.38 
558.62 1.61 880.31 1.86 
560.62 1.42 881.31 3.55 
609.56 1.51 882.31 1.43 
611.56 1.71 883.31 2.09 
613.56 1.57 951.19 2.54 
635.56 4.23 953.25 11.58 
637.56 10.68 955.19 31.23 
638.56 1.49 957.12 55.13 
639.50 14.13 958.25 6.76 
640.50 2.14 959.19 60.51 
641.50 10.51 960.25 7.80 
642.56 1.42 961.25 48.97 
643.50 4.22 962.25 6.43 
686.44 1.11 963.25 27.66 
688.44 3.28 964.25 3.89 
690.50 5.03 965.25 10.28 
692.50 4.88 966.87 3.65 
694.50 3.09 
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TABLE H2. TABULATED MASS SPECTRUM FOR NONABROMODIPHENYL OXIDE IsOllER (PEAK NO. 2) 

Relative Abundance Relative Abundance 
Mass (percent of base peak) Mass (percent of base peak) 

35.26 
35.31 
35.36 
35.40 
35.45 
36.88 
37.93 
38.98 
40.00 
41.02 
42.02 
43 .O 1 
43.05 
43.99 
45.00 
48.01 
49.02 
50.02 
53.06 
54.06 
55.07 
56.09 
57.10 
60.04 
61.04 
62.04 
66.02 
66.52 
67.02 
67.07 
68.07 
69.01 
69.08 
70.09 
71.10 
72.02 
73.04 
74.05 
75.05 
76.05 
77.06 
78.97 
79.09 
79.98 
80.55 
80.96 
81.10 
81.98 
82.12 
83.13 
84.05 
84.14 
85.05 
85.15 
86.06 

1.94 
4.05 
2.54 
6.84 
9.07 
2.27 
7.61 

13.20 
28.07 
61.34 
3.84 
4.94 
4.40 

100.00 
3.66 
4.20 
1.62 
1.44 
1.01 
1.54 
9.99 
3.87 
8.28 

30.67 
20.58 

1.34 
56.50 
34.13 
6.41 
3.10 
1.45 

24.22 
7.06 
3.95 
7.13 

14.74 
2 1.93 
2.63 
4.18 
1.07 
2.83 

11.80 
1.83 

13.51 
2.46 

11.25 
4.59 

13.59 
2.42 
6.00 

10.23 
1.98 
6.39 
4.16 
1.03 

185 

87.09 
88.09 
89.07 
90.96 
91.10 
92.95 
93.11 
95.12 
96.03 
96.12 
97.02 
97.12 
98.09 
99.11 

100.01 
101.05 
105.09 
105.48 
105.99 
106.49 
109.99 
107.10 
107.49 
108.03 
109.02 
109.12 
109.95 
110.11 
110.94 
111.14 
112.13 
113.12 
114.94 
115.09 
115.94 
116.94 
119.02 
120.01 
121.01 
123.13 
125.14 
127.13 
129.09 
131.00 
132.02 
133.03 
134.02 
135.00 
138.94 
139.94 
140.94 
141.94 
143.00 
144.94 
145.44 

3.42 
1.77 
1.86 
1.46 
1.52 
1.52 
1.25 
3.81 

13.34 
1.63 

15.24 
4.43 
2.45 
1.63 
3.10 
1.83 
1.64 
4.04 

42.06 
9.1 1 

41 5 9  
1.18 
4.56 
5.88 
7.18 
1.48 
3.30 
1.94 
1.51 
2.33 
1.05 
1.44 
4.06 
1.05 
1.57 
2.87 

10.25 
6.94 
3.50 
1.28 
1.33 
1.35 
1.13 
3.83 

46.42 
57.10 
8.74 
3.40 

12.89 
11.83 
13.45 
10.07 

1.16 
2.90 
8.13 
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TABLE H2. TABULATED MASS SPECTRUM FOR NONABROMODIPHENYL OXIDE ISOMER (PEAK NO. 2) 
(Continued) 

Relative Abundance Relative Abundance 
Mass (percent of base peak) Mass (percent of base peak) 

145.94 
146.44 
146.98 
147.44 
147.95 
149.05 
150.02 
150.94 
151.95 
152.94 
153.95 
154.95 
161.08 
162.94 
164.94 
166.95 
169.00 
169.97 
178.02 
184.98 
185.44 
185.94 
186.44 
186.95 
187.45 
187.95 
188.95 
189.95 
193.91 
195.89 
198.94 
199.94 
200.94 
210.95 
211.95 
212.95 
213.95 
214.95 
217.86 
218.89 
219.86 
220.87 
221.87 
222.87 
224.39 
225.36 
225.87 
226.36 
226.87 
227.36 
227.87 
228.36 
229.86 
230.87 
231.86 
232.87 

5.91 
13.60 
21.75 

6.43 
1.80 
1.24 
4.56 
7.64 

20.20 
8.50 

20.58 
2.04 
1.28 
1.21 
1.31 
1.19 

37.77 
1.78 
1.92 
4.63 
1.33 
9.19 
2.30 
9.23 
1.05 
3.94 
1.03 
1.39 
1.13 
1.61 
1.57 
3.80 
3.28 
1.51 

11.74 
5.10 

11.74 
2.58 
6.24 
8.93 

12.59 
15.81 
6.39 
7.03 
1.98 

10.68 
1.96 

14.83 
2.39 

10.77 
1.31 
2.02 
6.45 
5.78 

13.81 
11 .os 

233.86 
234.87 
235.02 
239.87 
240.41 
241.91 
263.03 
264.84 
265.84 
266.34 
266.81 
267.81 
274.78 
276.78 
277.84 
278.81 
279.84 
280.34 
280.84 
281.34 
281.81 
282.81 
285.00 
290.87 
291.87 
292.87 
293.87 
294.87 
295.87 
296.78 
298.78 
299.78 
300.78 
301.78 
302.78 
303.78 
304.28 
305.28 
306.28 
307.28 
308.28 
308.78 
309.81 
310.78 
311.78 
312.78 
313.03 
313.78 
314.78 
315.78 
319.28 
3 19.78 
320.28 
320.81 
321.28 
321.78 

8.19 
6.35 
4.17 
1.60 
1.45 
1.13 
1.24 
2.17 
4.29 
1.72 
4.25 
2.63 
1.14 
1.21 
1.33 
5.96 

11.41 
1.26 

12.26 
1.60 
5.36 
1.07 
4.63 

10.90 
2.34 

20.73 
2.73 
9.61 
1.03 
3.65 

11.50 
2.93 

10.95 
3.04 
3.41 

1.95 
4.25 
5.37 
3.661 
1.651 
1.13 
2.16 
3.4E1 
6.48 
4.431 
1.151 
5.9e1 
1.51 
1.80 
1.46 
1.63 
2.51 
2.85! 
2.10 
l.l:! 

1.28 
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TABLE H2. TABULATED MASS SPECTRUM FOR NONABROMODIPHENYL OXIDE ISOMER (PEAK NO. 2) 
(Continued) 

Relative Abundance Relative Abundance 
Mass (percent of base peak) Mass (percent of base peak) 

325.78 
327.78 
329.81 
331.78 
335.00 
357.75 
358.75 
359.25 
359.75 
360.25 
360.75 
361.25 
361.75 
362.25 
362.75 
369.84 
371.78 
372.81 
373.78 
374.81 
375.78 
376.75 
377.69 
378.72 
379.72 
380.72 
381.72 
382.72 
389.72 
391.72 
393.72 
397.81 
399.78 
400.78 
401.78 
403.78 
405.72 
407.72 
409.72 
448.72 
450.72 
451.72 
452.72 
453.72 
454.72 
455.72 
456.69 
458.66 
460.62 
462.66 
464.62 
478.75 
480.72 
481.75 
482.72 
531.62 

1.03 
4.11 
3.59 
1.00 
5.33 
4.66 

14.23 
1.54 

22.37 
3.18 

22.40 
3.51 

12.90 
1.60 
3.91 
1.10 
4.18 
1.83 
4.3 1 
1.10 
1.54 
1.13 
1.16 
2.80 
2.36 
4.47 
1.19 
2.34 
2.66 
3.67 
2.46 
1.57 
4.23 
1.50 
4.09 
1.75 
1.91 
2.62 
1.69 
2.71 

11.26 
1.56 

16.35 
2.05 

11.63 
1.01 
4.60 
4.82 
5.47 
2.09 
0.56 
3.16 
5.36 
1.13 
3.34 
2.32 

532.62 
533.69 
535.69 
557.62 
558.62 
559.62 
560.69 
561.62 
562.62 
563.62 
565.62 
608.56 
610.56 
612.56 
614.56 
616.56 
636.56 
637.62 
638.56 
639.56 
640.56 
641.56 
642.56 
643.56 
644.56 
645.56 
713.56 
715.50 
716.44 
717.50 
718.50 
719.50 
720.50 
721.50 
722.50 
723.50 
724.50 
725.50 
726.50 
727.50 
799.44 
801.37 
803.37 
873.37 
875.3 1 
876.37 
877.37 
878.3 1 
879.37 
880.37 
881.31 
882.3 1 
883.3 1 
884.3 1 
885.3 1 
887.37 

1.05 
2.43 
1.24 
6.59 
1.14 

13.17 
1.55 

13.04 
1.98 
6.09 
1.20 
2.57 
5.91 
7.03 
5.02 
1.80 
1.40 
1.07 
3.98 
2.71 
5.38 
2.55 
3.57 
2.33 
1.39 
1.10 
1.29 

11.56 
1.31 

33.29 
5.10 

54.53 
7.17 

52.80 
6.70 

29.65 
4.06 
9.77 
1.04 
1.31 
1.28 
1.09 
1 .oo 
1.66 
6.90 
1 .oo 

15.93 
1.64 

22.61 
2.76 

2 1.45 
2.96 

14.42 
1.93 
5.76 
1.61 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

Peak no. 3 The mass list obtained from peak no. 3 is presented in Table H3. This im- 
purity was identified as a second isomer of nonabromodiphenyl oxide (C12HOBrg). The 
mass spectrum obtained from peak no. 3 resembled the mass spectrum obtained from 
peak no. 2. A specific isomer on nonabromodiphenyl oxide was not ,identified. A mass 
spectrum of this impurity is presented in Figure 13. 

4. Conclusions: High-performance liquid chromatographic analysis detected two impuri- 
ties that were estimated a t  3.7% and 1.7% relative to the major component by peak area 
comparison at  220 nm. HPLC analysis with a spectrophotometric: detector revealed 
similar ultraviolet/visible spectra for the major component and tlne two impurities. 
These two impurities were isolated by HPLC and identified by direct inlet mass spec- 
trometry as two isomers of nonabromodiphenyl oxide. 
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TABLE H3. TABULATED MASS SPECTRUM FOR NONABROMODIPHENYL OXIDE [SOMER (PEAK NO. 4) 

Mass 

35.36 
35.41 
35.46 
38.98 
40.00 
41.02 
43.06 
43.99 
45.04 
55.08 
56.10 
57.10 
60.04 
61.04 
66.02 
66.52 
67.03 
69.01 
69.09 
70.09 
71.10 
72.03 
73.04 
75.06 
77.07 
78.97 
79.98 
80.55 
80.97 
81.11 
8 1.98 
82.12 
83.13 
84.05 
84.14 
85.06 
85.16 
87.09 
89.09 
95.12 
76.04 
96.12 
97.02 
97.13 
98.10 
99.12 

105.09 
105.49 
106.00 
106.49 
106.99 
107.50 
108.03 
108.95 
109.06 
109.95 
110.95 

Relative Abundance 
(percent of base peak) Mass 

1.09 111.14 
1.68 113.12 
1.72 114.95 
1.44 115.95 
2.94 11 6.95 
7.81 119.04 
1.54 120.00 

17.43 120.99 
1.44 123.95 
3.15 124.61 
1.44 125.14 
4.19 130.95 
7.19 132.02 
8.87 133.03 

25.17 133.95 
19.82 134.05 
3.82 134.94 
3.51 135.08 
2.73 138.94 
1.28 139.95 
3.07 140.94 
4.53 141.95 
8.46 144.94 
2.18 145.44 
1.28 145.94 
4.21 146.44 
7.24 146.97 
2.99 147.44 
4.23 147.95 
2.20 149.05 
7.23 149.91 
1.09 150.05 
2.80 150.25 
2.93 150.94 
1.24 151.59 
2.21 151.95 
2.06 152.95 
1.41 153.95 
2.74 154.95 
2.05 161.00 
4.30 164.94 
1.11 166.97 
4.52 169.00 
2.66 177.17 
1.16 177.95 
1.04 184.95 
1.30 185.45 
4.23 185.95 

45.74 186.44 
8.91 186.61 

45.52 186.95 
5.84 187.27 
2.39 187.45 
1.68 187.95 
3.50 188.97 
3.46 189.95 
1.45 193.91 

Relative Abundance 
(percent of base peak) 

1.68 
1.13 
2.1'1 
2.05 
2.213 
2.513 
4.0'1 
3.6'7 
123 
1.113 
1.2'3 
1.113 

18.6'3 
35.45 

2.413 
4.2 3 
1.416 
3.34 
8.810 
9.87 

10.12 
8.95 
3.43 

12.08 
7.69 

22.65 
10.68 
10.90 
1.95 
5.21 
1.20 
1.29 
1.69 
8.97 
1.62 

14.28 
6.92 

13.58 
1.19 
1.16 
1.22 
1.36 
9.28 
2.30 
1.83 
6.69 
2.08 

17.01 
4.62 
1.25 

20.04 
1.38 
2.89 
7.24 
1.37 
1.37 
1.45 
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TABLE H3. TABULATED MASS SPECTRUM FOR NONABROMODIPHENYL OXIDE ISOMER (PEAK NO. 4) 
(Continued) 

Relative Abundance Relative Abundance 
Mass (percent of base peak) Mass (percent of base peak) 

195.91 
196.91 
198.94 
199.95 
200.94 
201.95 
210.94 
211.95 
212.95 
213.94 
214.95 
217.86 
218.87 
219.86 
220.87 
22 1.86 
222.87 
224.37 
224.86 
225.37 
225.87 
226.37 
226.87 
227.37 
227.87 
228.37 
229.86 
230.87 
23 1.86 
232.87 
233.86 
234.91 
239.28 
239.86 
240.34 
240.52 
240.87 
241.19 
241.39 
241.87 
263.84 
264.84 
265.34 
265.84 
266.34 
266.84 
267.3 1 
267.84 
268.3 1 
268.87 
274.78 
276.78 
277.84 
278.84 
279.34 
279.84 
280.34 
280.84 

1.62 
1.75 
2.70 
5.62 
5.93 
2.35 
1.09 
9.87 
3.39 

10.01 
1.75 
5.98 
9.95 

13.38 
16.17 
7.41 
7.51 
5.27 
1.33 

23.01 
4.01 

34.19 
4.89 

22.28 
3.07 
5.23 
8.48 
4.58 

18.16 
9.28 
9.30 
5.91 
3.29 
4.37 
2.73 
2.34 
1.65 
2.02 
1.48 
2.05 
1.07 
5.57 
1.59 

11.98 
2.62 

11.83 
2.29 
6.47 
1.10 
1.62 
2.20 
1.93 
2.97 

15.70 
2.08 

29.26 
3.83 

28.42 

191 

281.34 
281.84 
282.34 
282.84 
285.00 
290.87 
291.87 
292.87 
293.87 
294.87 
295.87 
296.81 
297.81 
298.78 
299.81 
300.78 
301.81 
302.78 
303.78 
304.31 
304.81 
305.28 
305.78 
306.28 
306.78 
307.28 
307.78 
308.28 
308.78 
309.81 
310.78 
311.81 
312.81 
318.81 
314.78 
315.81 
318.31 
318.84 
319.28 
3 19.78 
320.28 
320.81 
321.28 
321.81 
322.28 
322.81 
325.81 
327.81 
329.81 
331.78 
335.03 
356.78 
357.78 
358.28 
358.78 
359.28 
359.78 
360.28 

4.18 
15.55 
1.82 
3.17 
1.32 

10.97 
2.31 

22.20 
3.20 

11.22 
1.37 
4.97 
1.58 

13.34 
4.54 

13.61 
4.34 
4.32 
1.55 
6.05 
1.02 

13.47 
1.62 

16.96 
1.19 

12.57 
1.30 
4.76 
2.77 
2.22 
6.61 
6.72 
7.60 
6.59 
2.50 
2.16 
1.98 
1.42 
4.33 
2.15 
5.96 
3.87 
4.15 
2.05 
1.70 
1.17 
1.30 
3.56 
3.34 
1.01 
1.45 
2.00 

15.58 
2.12 

44.51 
5.86 

72.53 
9.16 
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TABLE H3. TABULATED MASS SPECTRUM FOR NONABROMODIPHENYL OXIDE ISOMER (PEAK NO. 4) 
(Continued) 

Relative Abundance Relative Abundance 
Mass (percent of base peak) Mass (percent of base peak) 

360.78 69.06 533.69 3.71 
361.25 9.09 535.69 2.05 
361.78 41.37 555.69 1.59 
362.28 5.40 557.69 8.03 
362.75 14.00 558.69 1.14 
363.28 1.73 559.69 15.53 
363.78 1 .B5 560.69 2.40 
369.81 1.51 561.69 15.47 
371.81 4.27 562.62 2.10 
372.81 1.57 563.69 7.79 
373.81 4.60 564.69 1 .OB 
374.81 1.31 565.69 1.62 
375.78 2.24 608.62 4.18 
376.72 2.21 610.62 9.75 

1.44 377.72 2.01 61 1.62 
378.72 7.60 612.62 12.99 
379.72 3.21 613.62 1.54 
380.72 11 59 614.56 9.71 
381.72 2.12 616.56 3.90 
382.72 7.32 636.62 2.1 1 
384.72 1.88 637.62 1.21 
387.37 1.16 638.62 4.74 
389.72 4.49 639.62 2.19 
391.72 6.68 640.56 6.88 
392.72 1.28 641.62 3.24 
393.72 3.82 642.56 5.17 
397.78 1.50 643.56 2.61 
399.25 1.81 644.62 2.10 
399.81 4.78 613.56 3.15 
400.22 1.44 715.56 20.74 
400.78 1.39 716.50 3.07 
401.22 1.31 717.50 60.31 
401.81 4.72 718.50 8.17 
403.78 2.04 719.50 100.00 
405.72 2.67 720.50 12.67 
406.75 1.56 721.50 98.65 
407.75 3.58 722.50 13.33 
408.75 2.01 723.50 57.17 
409.72 2.52 724.50 7.65 
410.75 1.30 725.50 18.61 
448.75 4.07 726.50 2.60 
450.75 14.28 727.50 2.11 
45 1.75 1.94 799.44 1.44 
452.75 21.38 801.44 1.33 
453.75 2.80 873.37 2.62 
454.72 14.57 875.37 10.66 
455.75 1.95 876.37 1.42 
456.69 6.95 877.37 25.62 
458.66 6.94 878.37 3.23 
460.66 6.57 879.37 36.94 
462.62 2.90 880.37 5.11 
478.75 3.93 881.37 35.82 
480.75 4.83 882.37 4.59 
481.75 1.10 883.37 24.10 
482.72 3.66 884.37 3.32 
484.75 1 .OB 885.37 9.82 
531.69 4.17 886.37 1.44 
532.69 1.12 887.37 2.53 
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APPENDIX I 

PREPARATION AND CHARACTERIZATICIN 

OF FORMULATED DIETS 
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APPENDIX I. PREPARATION AND CHARACTE:RIZATION 

I. Studies Conducted at the Analytical Chemistry Laboratory 

A. Preparation procedure 

1. Premix: Decabromodiphenyl oxide (309.9 * 0.1 mg) was added directly to 200 g of 
Wayne Lab Blox@ rodent feed. This premix was homogenized by rotation in a l-quart, 
large-mouth, glass jar for 15 minutes on a ball-mill-type tumbler apparatus. 

2. Bulk mixing: The above premix and 1,300 g more feed were mixed in a Patterson- 
Kelly@ twin-shell blender with pin-type intensifier bar for a total of 15 minutes. The 
blender was loaded from the top of the shells as follows: 650 g of feed was poured in and 
allowed to settle and level a t  the bottom (vertex of the “V”); then. the dry premix was 
poured in on top of the feed from each side; this layer was covered with the remaining 
650 g of feed poured in from each side. After elapsed mixing times of 10 and 15 minutes, 
duplicate 5-g samples were removed from the top of each shell and !,he bottom trap of the 
blender for subsequent analysis. 

3. Extraction and analysis: Each sample was placed in a 200-ml (centrifuge bottle and 
triturated with 50 ml of nonstabilized tetrahydrofuran (high.-performance liquid 
chromatography grade) for 30 seconds in a Brinkmann Polytron@ high-speed blender. 
The mixture was placed in an ultrasonic vibratory bath for 2 minutts and centrifuged for 
15 minutes. The supernatant solution was pipetted into a 100-ml volumetric flask. The 
feed residue was mixed with an  additional 50 ml of tetrahydrofuran and treated again as 
described above. The combined supernatant solutions were brought to volume (100 ml) 
with additional tetrahydrofuran. After filtration through Millipore@ (0.5 11) filters, the 
sample extract solutions were analyzed by the high-performance liquid chromatographic 
system described below. 

Instrument: Waters Programmable Component System 
Column: pBondapak Cl*, 300 mm X 4 mm, ID 
Column temperature: Ambient 
Solvent: 100% Methanol, 1 ml/min 
Detection: Ultraviolet, 254 nm 
Retention time: 6.5 min 

4. Quality control: Two blank (undosed) feed samples and three individually spiked 
m i x t u r e s  (at t h e  2 0 0 - p p m  concen t r a t ion )  w e r e  e x t r a c t e d  a n d  p r e p a r e d  for  a n a l y s i s  i n  t h e  
manner described above for the test samples. No interference from feed was found a t  the 
retention time of decabromodiphenyl oxide in the chromatograms. Chromatographic 
detector linearity was determined with standard solutions of the study chemical in tetra- 
hydrofuran. A standard curve, from which the decabromodipheny‘l oxide content of the 
test sample extracts was determined, was also constructed from these standard solu- 
tions. The stability of the test solutions and the chromatographic system was monitored 
throughout the analysis by periodic injections of the 11 pg/ml standard solution. 
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APPENDIX I. PREPARATION AND CHARACTE:RIZATION 

B. Homogeneity 

1. Results 

Sample Sampling Average Concentration (ppm) 
Location Time (min) Found in Formulated Diet (a,b) 

Right 10 
Left 10 
Bottom 10 

Right 15 
Left 15 
Bottom 15 

229 k 12 
245 +_ 14 
209 f 11 

198 f 11 
225 k 12 
205 k 11 

~- 

(a) Corrected for a spiked recovery yield of 88% k 3(S)%. The target concentration 
of chemical in feed was 206.6 k 0.6 ppm. 
(b) Error values are average deviations obtained in the instrumental measurements 
of the test solutions. 

2. Conclusion: Decabromodiphenyl oxide mixed with stock rodent feed at  the 200-ppm 
concentration was found more homogenous when mixed for 15 minutes (rather than 10 
minutes) in a Patterson-Kelly@, 4-quart1 twin-shell blender with a ]pin-type intensifier 
bar. 

C. Stability 

1. Sample mixing and storage: A stock solution of decabromodipheriyl oxide in nonsta- 
bilized high-performance liquid chromatography grade tetrahydrofuran (0.2418 mg/ml) 
was prepared, and 5 ml of this solution was added to individual 5-g samples of Wayne 
Lab-Blox@ rodent feed. The tetrahydrofuran was then removed from the samples on a 
rotary evaporator (30 minutes, 25" C water bath temperature). The dried samples were 
stored, in duplicate, a t  - 20", 5", 25", and 45" C for 2 weeks. 

2. Extraction and analysis: Each stability sample was quantitatively transferred to a 
200-ml centrifuge bottle and extracted according to the procedure described in section 
I.A.3. An aliquot (5 ml) of each extract solution was filtered through a 0.5-p Millipore@ 
filter and then analyzed by the same high-performance liquid chrornatographic system 
described in section I.A.3. 

3. Quality control: Undosed feed samples and individual samples (at the 200-ppm conce- 
ntration) were extracted and prepared for analysis in the manner described for the test 
samples. The blank showed no feed interference. 
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APPENDIX I. PREPARATION AND CHARACTEIEIZATION 

4. Results 

Average Concentration (ppm) Chemical 
Found in Formulated Diet (a,& Storage Temperature 

- 20" c 
5" c 

25" C 
45" c 

249 _+ 14 
244 & 14 
242 f 13 
221 _+ 12 

(a) Corrected for a spiked recovery yield of 88% k 3(S)%. The target concentration of chemical in 
feed was 242 * 5 ppm. 
(b) Error values are average deviations obtained in the instrumental measurements of the test 
solutions 

5. Conclusion: Decabromodiphenyl oxide mixed with stock rodent feed a t  240 ppm was 
found to be stable over a 2-week storage period at temperatures of 25" C and below. 
Samples stored for 2 weeks at 45" C showed slight but significant loss of major 
component. 

II. Studies Conducted at the Study Laboratory 

A. 

B. 

Preparation: Decabromodiphenyl oxide was weighed and mixed with a small amount of 
feed for 2 minutes. The premix was transferred to a Hobart@ mixer with 5 kg of NIH 07 Rat 
and Mouse Ration and mixed for 1 minute/kg of feed. This mixture was transferred to a 
Patterson-Kelleya twin-shell blender with the required amount of feed and mixed for 1 
midkg of feed. 

Homogeneity 

A 5-g sample in a 50-ml test tube was extracted with 40 ml of tetrahydrofuran for 10 
minutes on a horizontal shaker. The sample was centrifuged a t  2,500 rpm for 15 minutes, 
and the supernatant was transferred to a 125-ml Erlenmeyer flask. The feed residue was 
extracted again with 40 ml of tetrahydrofuran. The combined extracts were filtered through 
Whatman #1 filter paper into a 100-ml volumetric flask. The solutions were brought to 
volume with tetrahydrofuran. Dilutions from 1:2 to 1:lO were made in order to inject 10-pl 
aliquots into the high-performance liquid chromatograph under the following conditions: 

Instrument: Waters Model 6000A high-performance liquid chromatograph with U6K 
injector linked to a Waters Data Module System 
Column: pBondapak c l8 ,300  mm X 25 mm 
Solvent: Water:acetonitrile (90:10), 1 ml/minute 
Detection: Waters 440 model, ultraviolet, 254 nm 
Retention time: 15.29 min for major peak 

All feed samples were analyzed in duplicate, including control feed. Samples were 
quantitated against a standard of decabromodiphenyl oxide by the Data Module Integration 
System. 
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APPENDIX I. PREPARATION AND CHARACTE:RIZATION 

2. Results 

Target Determined Determined Concentration 
Sample Concentration Concentration as Percent of Target 

Location (ppm) (ppm) Concentration (wWwt) 

Top left 25,000 24,600 
Top right 25,000 24,500 
Bottom 25,000 23,800 
Top left 50,000 47,900 
Top right 50,000 51,300 
Bottom 50,000 48,700 

98.4 
98.0 
95.2 
95.8 
102.6 
97.4 

C. Conclusion: The homogeneity of both mixes was excellent. All results 'were within specifi- 
cations (rt. 10%). 
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METHODS OF ANALYSIS OF FORMULATED IDIETS 
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APPENDIX J. METHODS OF ANALYSIS 

I. Study Laboratory 

A. 

B. 

Preparation and analysis of dosed feed samples: 

A 5-g sample of feed was weighed in duplicate and transferred into EiO-ml test tubes con- 
taining 40 ml of tetrahydrofuran. The test tubes were shaken on a horizontal shaker for 10 
minutes or ultrasonicated for 2 minutes. The samples were Centrifuged at  2,500 rpm for 15 
minutes, and the supernatant was transferred to a 125-ml Erlenmeyer flask. The feed was 
reextracted with 40 ml of tetrahydrofuran, shaken, and centrifuged as above. The extracts 
were combined and filtered through Whatman #1 filter paper into ;a 100-ml volumetric 
flask. The samples were diluted to 1:50 or 1 : l O O  for injection. 

Instrument parameters 

Instrument: Waters Data Module System, equipped with 6000A pump and U6K injector 
Detector: Waters Model 440, ultraviolet, 254 nm 
Column: Waters PBondapak C18,300 mm X 3.9 mm 
Solvent: 10% water:90% acetonitrile, isocratic, 1 ml/min 
Retention time: 14 min for major peak 

Preparation and analysis of spiked feed samples: Appropriate amounts of decabromo- 
diphenyl oxide were weighed into 5-g aliquots of feed to obtain final concentrations similar 
to the levels to be analyzed. The spiked feed samples were processed simultaneously with 
the dosed feed samples. 

II. Analytical Chemistry Laboratory 

A. Preparation of spiked feed standards: Two standard solutions of' decabromodiphenyl 
oxide were prepared independently in high-performance liquid chro:matography (HPLC) 
grade tetrahydrofuran. These solutions were diluted with tetrahydrofuran to make six 
standards. Aliquots (100 ml) of the six standard solutions were pipettedl into individual 200- 
ml centrifuge bottles containing 10 g of undosed feed to make spiked feed standards bracket- 
ing the specified concentration range of the referee sample. One 200-ml centrifuge bottle 
containing 10 g of undosed feed was treated with 100 ml of tetrahydrofuran for use as a 
blank. The spiked feeds and the feed blank were sealed and allowed to stand overnight a t  
room temperature before analysis. 

B. Preparation of the referee sample: Triplicate weights of the referee feed sample (-10 g 
weighed to the nearest 0.01 g) were transferred to individual 200-ml centrifuge bottles. 
HPLC-grade tetrahydrofuran (100 ml) was pipetted into each sample; then the bottles were 
sealed and allowed to stand overnight a t  room temperature before analysis. 

C. Analysis: Feed samples (10 g treated with 100 ml of tetrahydrofuran in 200-ml centrifuge 
bottles) were placed on a Burrell Model 75 Wrist-Action@ shaker and were shaken at  maxi- 
mum stroke for 20 minutes. The extraction mixtures were centrifuged for 10 minutes; then 
3-ml aliquots of the supernatant solutions were diluted to 50 ml with ,tetrahydrofuran and 
thoroughly mixed. The solutions were filtered through a 0.5-1.1 Millipore@ filter, and the 
decabromodiphenyl oxide content of the filtrate was determined by the high-performance 
liquid chromatography analysis described below. 
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APPENDIX J. METHODS OF .ANALYSIS 

Instrument parameters 

Instrument: Waters Data Module System, equipped with 6000A pump and U6K injector 
Detector: Waters Model 440, ultraviolet, 254 nm, 0.5 AUFS 
Column: Waters pBondapak Cl8 (3.9 mm X 300 mm, ID) 
Solvent: 100% methanol, 1 mumin 
Volume injected: 15 p1 
Retention time: 3.6 min 

The amount of decabromodiphenyl oxide in the referee sample was determined from t:he 
linear regression equation computed for the standard data, using peak area measurements 
and the amount of decabromodiphenyl oxide added to the spiked feed stand.ards. 

D. Quality Assurance: The referee feed sample was analyzed in triplicate, and the undosed 
feed sample was analyzed once. For calibration, six spiked feed standards bracketing the 
specified concentration range of the referee sample were made from two independently pre- 
pared standard solutions, Triplicate injections of each standard and sample solution were 
made into the liquid chromatograph in a randomized order. 
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APPENDIX K 

RESULTS OF ANALYSIS OF FORMULATED DIETS 
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TABLE K1. RESULTS O F  ANALYSIS OF FORMULATED DIETS IN THE THIIRTEEN- 
WEEK FEED STUDIES OF DECABROMODIPHENYL OXIDE (a) 

Date Mixed 

Concentration of 
Decabromodiphenyl Oxide in Feed (ppm) 

Target Determined 

02/06/79 

0 212 717 9 

3,100 
3,100 
3,100 
6,300 

12,500 
25,000 
50,000 
50,000 
50,000 
6,300 
6,300 

12,500 
12,500 

2,860 
2,850 
3,140 

(b) 5,440 
(b) 14,180 
(c) 27,590 

59,800 
52,490 
52,000 

(d) 6,890 
(d) 6,450 

(d) 12,500 
(d) 12,500 

(a) Results of duplicate analysis 
(b) Sample out of specification; remixed. 
(c) Sample out of specification; not remixed. 
(d) Remix 

TABLE K2. RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR FEED 
STUDIES OF DECABROMODIPHENYL OXIDE (a) 

Determined Concentration for Target Concen1.ration of 
Date Mixed 25,000 ppm 50,000 ]ppm 

~~ ~~ ~ ~~~ ~ 

07/08/80 24,300 50,000 
07/24/80 24,655 51,600 
0 713 1 180 46,060 
08/21/80 22,550 
11/06/80 25,000 49,200 
12/31/80 23,300 46,800 
01129/8 1 22,270 46,500 
04/02/81 22,750 48,050 
10/08/81 26,050 48,050 
12/10/81 24,600 50,950 
01/28/82 23,150 48,250 
03/18/82 24,350 51,300 
05/06/82 26,450 53,600 
06/24/82 26,000 50,6100 
0811 9/82 22,650 47,950 

Experimental mean 24,148 49,2107 
Standard deviation 1,403 2,2106 
Coefficent ofvariation (percent) 5.8 4.5 
Range 22,270-26,450 46,050-53,600 
Number of samples 14 14 

(a) Results of duplicate analysis 
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TABLE K3. RESULTS OF REFEREE ANALYSIS OF FORMULATED DIETS IN THE TWO- 
YEAR FEED STUDIES OF DECABROMODIPHENYL OXIDE 

Determined Concentration 
Date Mixed Target Concentration Study Laboratory Analytic al Laboratory 

(Ppm) 

07/24/80 
04/02/81 
12/10/8 1 
06/24/82 
08/19/82 

50,000 
25,000 
50,000 
50,000 
25,000 

5 1,600 
22,750 
50,950 
50,600 
22,650 

49.660 
25 200 
51 900 
50,200 
25,800 
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APPENDIX L 

SENTINEL ANIMAL PROGRAM 
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APPENDIX L. SENTINEL ANIMAL PROGRAM 

I. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in 
optimally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds, Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un- 
treated, and these animals and the study animals are both subject to identical environmental con- 
ditions. The sentinel animals come from the same production source and weanling groups as the 
animals used for the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex are selected at  the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
are killed at  6, 12, and 18 months on study. Data from animals surviving 24 months are collected 
from 5/50 randomly selected control animals of each sex and species. The blood from each animal is 
collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to Microbio- 
logical Associates’ Comprehensive Animal Diagnostic Service for determination of the viral antibody 
titers. The following tests are performed: 

Hemagglutination 
Inhibition 

Complement 
Fixation -. ELISA 

Mice PVM (pneumonia virus of mice) M.Ad. (mouse adenovirus) MHV (mouse hepatitis 
Reo 3 (reovirus type 3) LCM (lymphocytic virus) (18,24 mo) 
GDVII (Theiler’s choriomeningitis virus) 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (6,12,18 mo) 

encephalomyelitis virus) MHV (6,12 mo) 
Sendai (24 mo) 

Rats PVM RCV (rat coronavirus) 
KRV (Kilham rat virus) 
H-1 (Toolan’s H-1 virus) 
Sendai (6 ,12 ,18  mo) 

Sendai (24 mo) 

II. Results 

Results are presented in Table L1 
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TABLE Ll .  MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
FEED STUDIES O F  DECABROMODIPHENYL OXIDE (a) 

Interval 
(months) 

No. of 
Animals 

Positive Serologic 
Reaction for 

Rats  6 _. None positive 

12 911 0 RCV 

18 213 
5/10 

RCV 
KRV 

Mice 

24 4/10 Sendai 

6 _- None positive 

12 _ _  None positive 

18 _ _  None positive 

24 _ _  None positive 

(a) Blood samples were taken from sentinel animals a t  6,12, and 18 months after the start of dosing and from the control 
animals just before they were killed; samples were sent to Microbiological Associates, Inc. (Bethesda, MD) for the Animal 
Disease Screening Program. 
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APPENDIX M 

FEED AND COMPOUND CONSUMPTION BY' RATS 

AND MICE IN THE TWO-YEAR FEED STUDIES OF 

DECABROMODIPHENYL OXIDE 
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TABLE M l .  FEED AND COMPOUND CONSUMPTION BY MALE RATS IN THE TWO-YEAR FEED 
STUDY OF DECABROMODIPHENYL OXIDE 

Control 25.000 DDm 50,000 PPln 
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
Feed/ Weight Feed/ Weight Control (b) Day (c )  Feed/ Weight Control (b) Day (c )  

Week Day(a) (grams) Day(a) (grams) Day (a) (grams) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
17 
21 
25 
29 
33 
37 
41 
45 
49 
53 
57 
61 
65 
69 
73 
77 
81 
85 
89 
93 
97 

101 
103 
104 

15 
17 
17 
17 
16 
17 
16 
16 
15 
15 
16 
15 
19 
16 
14 
17 
16 
17 
18 
16 
15 
15 
15 
17 
16 
12 
15 
14 
14 
16 
13 
12 
12 
14 
13 
13 

208 
236 
259 
276 
29 1 
305 
317 
329 
339 
347 
354 
361 
389 
412 
424 
43 1 
438 
447 
435 
447 
444 
452 
449 
452 
456 
449 
452 
449 
449 
445 
436 
423 
413 
413 
404 
402 

18 
17 
18 
18 
17 
17 
19 
19 
16 
16 
16 
16 
18 
17 
15 
17 
17 
18 
18 
18 
16 
16 
16 
18 
18 
17 
15 
16 
19 
16 
15 
17 
13 
15 
16 
14 

209 
236 
260 
281 
295 
308 
320 
33 1 
344 
352 
359 
372 
400 
416 
43 1 
440 
450 
447 
438 
449 
443 
456 
45 1 
453 
449 
440 
449 
449 
442 
440 
436 
430 
412 
400 
396 
397 

1.2 
1 .o 
1.1 
1.1 
1.1 
1 .o 
1.2 
1.2 
1.1 
1.1 
1 .o 
1.1 
0.9 
1.1 
1.1 
1 .o 
1.1 
1.1 
1 .o 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.4 
1 .o 
1.1 
1.4 
1 .o 
1.2 
1.4 
1.1 
1.1 
1.2 
1.1 

2,153 
1,801 
1,731 
1,601 
1,441 
1,380 
1,484 
1,435 
1,163 
1,136 
1,114 
1,075 
1,125 
1,022 

870 
966 
944 

1,007 
1,027 
1,002 

903 
877 
887 
993 

1,002 
966 
835 
891 

1,075 
909 
860 
988 
789 
938 

1,010 
882 

16 
17 
18 
19 
17 
17 
17 
17 
16 
16 
16 
16 
18 
18 
15 
17 
18 
18 
20 
17 
17 
17 
16 
16 
18 
18 
16 
17 
15 
15 
15 
16 
13 
16 
16 
13 

207 
238 
259 
279 
294 
307 
317 
328 
339 
348 
353 
361 
392 
413 
422 
429 
441 
438 
426 
44 1 
44 1 
448 
444 
445 
452 
443 
448 
45 1 
441 
434 
429 
419 
408 
395 
395 
389 

1.1 
1 .o 
1.1 
1.1 
1.1 
1 .o 
1.1 
1.1 
1.1 
1.1 
1 .o 
1.1 
0.9 
1.1 
1.1 
1 .o 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
0.9 
1.1 
1.5 
1.1 
1.2 
1.1 
0.9 
1.2 
1.3 
1.1 
1.1 
1.2 
1 .o 

3,865 
3,571 
3,475 
3,405 
2,891 
2,769 
2,681 
2,591 
2,360 
2,299 
2,266 
2,216 
2,296 
2,179 
1,777 
1,981 
2,041 
2,055 
2,347 
1,927 
1,927 
1,897 
1,802 
1,798 
1,99 1 
2,032 
1,786 
1,885 
1,701 
1,728 
1,748 
1,909 
1,593 
2,025 
2,025 
1.67 1 

Mean 15.3 390 16.7 391 1.1 1,119 16.6 387 1.1 2,236 
SD(d) 1.7 1.4 0.1 311 1.4 0.1 575 
CV(e) 11.1 8.4 9.1 27.8 8.4 9.1 25.7 

(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Estimated milligrams of decabromodiphenyl oxide consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviatiodmean) X 100 
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TABLE M2. FEED AND COMPOUND CONSUMPTION BY FEMALE RATS IN THE TWO-YEAR FEED 
STUDY OF DECABROMODIPHENYL OXIDE 

Control 25.000 ppm 50,000 pgm 
Grams Body Grams Body Low1 Dosel Grams Body High/ Dosel 
Feed/ Weight Feed/ Weight Control (b) Day (c) Feed/ Weight Control (b) Day (c) 

Week Day (a) (grams) Day (a) (grams) Day (a) (grams) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
17 
21 
25 
29 
33 
37 
41 
45 
49 
53 
57 
61 
65 
69 
73 
77 
81 
85 
89 
93 
97 

101 
103 
104 

10 
11 
10 
11 
10 
10 
10 
10 
10 
10 
11 
9 

10 
10 
9 

11 
10 
11 
11 
11 
12 
12 
12 
12 
13 
12 
12 
13 
12 
12 
11 
11 
11 
12 
11 
9 

139 
150 
159 
168 
173 
179 
185 
191 
195 
199 
202 
204 
217 
223 
228 
233 
238 
244 
246 
252 
256 
269 
278 
288 
299 
307 
315 
327 
331 
337 
341 
338 
338 
333 
329 
333 

11 
11 
11 
13 
10 
11 
11 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
12 
11 
12 
12 
12 
12 
15 
12 
12 
12 
12 
12 
13 
12 
11 
12 
11 
13 
12 

139 
151 
159 
169 
174 
182 
186 
191 
196 
198 
199 
205 
214 
219 
227 
229 
234 
240 
240 
251 
255 
268 
276 
286 
297 
303 
315 
324 
327 
332 
335 
334 
330 
328 
334 
336 

1.1 
1 .o 
1.1 
1.2 
1 .o 
1.1 
1.1 
1 .o 
1 .o 
1 .o 
0.9 
1.1 
1 .o 
1 .o 
1.1 
0.9 
1 .o 
1.1 
1 .o 
1.1 
1 .o 
1 .o 
1 .o 
1.3 
0.9 
1 .o 
1 .o 
0.9 
1 .o 
1.1 
1.1 
1 .o 
1.1 
0.9 
1.2 
1.3 

1,978 
1,821 
1,730 
1,923 
1,437 
1,511 
1,478 
1,309 
1,276 
1,263 
1,256 
1,220 
1,168 
1,142 
1,101 
1,092 
1,068 
1,250 
1,146 
1,195 
1,176 
1,119 
1,087 
1,311 
1,010 

990 
952 
926 
917 
979 
896 
823 
909 
838 
973 
893 

11 
11 
11 
14 
11 
12 
11 
11 
10 
11 
11 
11 
10 
11 
10 
11 
11 
12 
12 
12 
12 
13 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
13 
14 
12 

138 
150 
157 
167 
173 
177 
184 
188 
192 
198 
198 
203 
209 
217 
223 
227 
234 
239 
240 
247 
254 
268 
272 
283 
294 
297 
309 
314 
324 
327 
329 
322 
319 
318 
322 
320 

1.1 
1 .o 
1.1 
1.3 
1.1 
1.2 
1.1 
1.1 
1 .o 
1.1 
1 .o 
1.2 
1 .o 
1.1 
1.1 
1.0 
1.1 
1.1 
1.1 
1.1 
1 .o 
1.1 
1 .o 
1.1 
1 .o 
1.1 
1.1 
1 .o 
1.1 
1.1 
1.2 
1.2 
1.1 
1.1 
1.3 
1.3 

3,986 
3,667 
3,503 
4,192 
3,179 
3,390 
2,989 
2,926 
2,604 
2,778 
2,778 
2,709 
2,392 
2,535 
2,242 ' 

2,423 
2,350 
2,510 
2,500 
2,429 
2,362 
2,425 
2,206 
2,297 
2,211 
2,189 
2,104 
2,070 
2,006 
1,988 
1,976 
2,019 
1 ,88 1 
2,044 
2,174 
1,875 

Mean 10.9 251 11.3 250 1 .o 1,199 11.9 245 1.1 2,553 
SD(d) 1.1 1.2 0.1 296 1.1 0.1 588 
CV(e) 10.1 10.6 10.0 24.7 9.2 9.1 23.0 

(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Estimated milligrams of decabromodiphenyl oxide consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviatiodmean) X 100 
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TABLE M3. FEED AND COMPOUND CONSUMPTION BY MALE MICE IN THE TWO-Y!EAR FEED 
STUDY OF DECABROMODIPHENYL OXIDE 

Control 25.000 pDm 50.000 w r n  
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
F e e d  Weight Feed/ Weight Control (b) Day (c) Feed/ Weight Control (b) Day (c) 

Week Day(a) (grams) Day(a) (grams) Day (a) (grams) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
80 
84 
88 
92 
96 

100 
102 
103 

4 
4 
4 
4 
5 
4 
4 
4 
4 
5 
4 
4 
4 
4 
5 
5 
5 
4 
6 
5 
5 
5 
6 
5 
4 
6 
5 
5 
5 
5 
4 
5 
5 
5 
6 
7 
6 
6 
6 
5 
5 
5 
5 
5 
9 

29.4 
30.6 
30.9 
32.0 
31.8 
33.2 
34.0 
34.8 
34.7 
35.4 
35.2 
35.6 
36.5 
36.9 
37.0 
38.5 
39.9 
39.0 
40.4 
41.0 
40,2 
41.5 
41 .O 
40.0 
39.6 
41.2 
40.0 
40.1 
40.7 
40.1 
40.9 
40.0 
40.0 
39.0 
38.6 
39.3 
38.3 
40.0 
39.0 
39.1 
40.0 
40.0 
38.0 
37.0 
37.0 

5 
4 
5 
5 
4 
4 
5 
2 
4 
5 
4 
4 
4 
4 
5 
5 
5 
4 
4 
5 
5 
4 
4 
4 
5 
4 
5 
6 
5 
4 
4 
6 
6 
6 
7 
6 
6 
6 
6 
5 
6 
5 
5 
5 
5 

27.9 
29.7 
30.2 
31.6 
31.5 
32.3 
33.3 
33.6 
35.1 
34.1 
34.5 
35.2 
36.5 
36.4 
36.4 
38.4 
40.1 
41.0 
41.1 
41.0 
41.7 
41.7 
43.0 
41.0 
41.1 
41.3 
41.4 
41.5 
42.1 
41.3 
41.6 
39.0 
39.7 
39.0 
39.9 
39.7 
39.5 
39.0 
39.0 
38.8 
40.0 
39.0 
38.0 
38.0 
38.0 

1.3 
1 .o 
1.3 
1.3 
0.8 
1 .o 
1.3 
0.5 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
0.7 
1 .o 
1 .o 
0.8 
0.7 
0.8 
1.3 
0.7 
1 .o 
1.2 
1 .o 
0.8 
1 .o 
1.2 
1.2 
1.2 
1.2 
0.9 
1 .o 
1 .o 
1 .o 
1 .o 
1.2 
1 .o 
1 .o 
1 .o 
0.6 

4,480 
3,367 
4,139 
3,956 
3,175 
3,096 
3,754 
1,488 
2,849 
3,666 
2,899 
2,841 
2,740 
2,747 
3,434 
3,255 
3,117 
2,439 
2,433 
3,049 
2,998 
2,398 
2,326 
2,439 
3,041 
2,421 
3,019 
3,614 
2,969 
2,421 
2,404 
3,846 
3,778 
3,846 
4,386 
3,778 
3,797 
3,846 
3,846 
3,222 
3,750 
3,205 
3,289 
3,289 
3,289 

5 
4 
5 
4 
5 
4 
4 
4 
4 
5 
5 
5 
4 
4 
5 
5 
5 
5 
5 
5 
5 
6 
5 
5 
5 
5 
4 
4 
4 
5 
4 
5 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
6 
5 
6 

29.3 
29.7 
30.6 
32.1 
31.5 
31.6 
33.4 
34.1 
34.0 
34.2 
34.7 
35.1 
35.9 
35.9 
36.2 
37.3 
39.0 
40.0 
39.6 
40.0 
40.8 
40.8 
42.0 
41.0 
41.1 
39.8 
40.4 
41.5 
41.2 
41.1 
41.1 
40.0 
39.6 
39.0 
38.8 
39.3 
38.9 
39.0 
38.0 
39.5 
39.0 
38.0 
37.0 
37.0 
38.0 

1.3 
1 .o 
1.3 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1.3 
1.3 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1.3 
0.8 
1 .o 
1 .o 
1.2 
0.8 
1 .o 
1.3 
0.8 
0.8 
0.8 
0.8 
1 .o 
1 .o 
1 .o 
1.2 
1.2 
1 .o 
0.9 
1 .o 
1 .o 
1 .o 
1.0 
1 .o 
1 .o 
1.2 
1 .o 
0.7 

8,532 
6,734 
8,170 
6,23 1 
7,937 
6,329 
5,988 
5,865 
5,882 
7,310 
7,205 
7,123 
5,571 
5,571 
6,906 
6,702 
6,410 
6,250 
6,313 
6,250 
6,127 
7,353 
5,952 
6,098 
6,083 
6,281 
4,950 
4,819 
4,854 
6,083 
4,866 
6,250 
7,576 
7,692 
7,732 
7,634 
7,712 
7,692 
7,895 
6,329 
6,410 
6,579 
8,108 
6,757 
7,895 

Mean 5.0 37.7 4.8 37.8 1 .o 3,203 5.0 37.5 1.0 6,645 
SD(d) 1.0 0.9 0.2 625 0.7 0.1 955 
C V W  20.0 18.8 20.0 19.5 14.0 10.0 14.4 

(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Estimated milligrams of decabromodiphenyl oxide consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coeficient of variation = (standard deviatiodmean) X 100 
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TABLE M4. FEED AND COMPOUND CONSUMPTION BY FEMALE MICE IN THE TWO-YEAR FEED 
STUDY OF DECABROMODIPHENYL OXIDE 

145 m m  500 m m  Control 
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
F e e d  Weight Feed/ Weight Control (b) Day (c) F e e d  Weight Control (b) Day (c) 

Week D a y W  (grams) Day(a) (grams) Day (a) (grams) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
62 
64 
66 
72 
74 
76 
80 
84 
88 
92 
96 

100 
102 
103 

6 
6 
6 
5 
6 
5 
6 
5 
5 
5 
6 
5 
5 
5 
6 
5 
5 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
6 
7 
6 
7 

21.7 
22.7 
23.4 
23.8 
24.2 
25.1 
25.9 
25.7 
26.5 
27.7 
27.3 
28.1 
28.9 
30.1 
30.3 
32.7 
34.6 
36.0 
35.7 
38.0 
37.5 
38.9 
38.0 
38.0 
38.9 
39.4 
39.7 
40.4 
40.7 
40.1 
39.0 
39.2 
39.0 
39.3 
41.0 
41.0 
42.6 
41 .O 
41.0 
40.0 
42.0 
41 .O 

6 21.7 
5 22.5 
5 23.1 
5 24.0 
5 24.4 
5 24.9 
5 25.8 
6 25.9 
5 26.6 
5 27.0 
5 27.2 
5 27.4 
5 28.4 
5 30.4 
5 30.7 
5 32.5 
5 34.8 
5 37.0 
5 37.6 
5 36.0 
5 38.0 
5 39.0 
5 39.0 
5 39.0 
4 40.3 
5 40.4 
5 39.9 
5 39.9 
4 40.2 
4 40.7 
4 41.0 
5 40.7 
5 40.9 
5 40.8 
5 41.0 
5 42.0 
4 42.7 
4 43.0 
5 44.1 
8 42.0 
5 43.0 
6 43.0 

1 .o 
0.8 
0.8 
1 .o 
0.8 
1 .o 
0.8 
1.2 
1.0 
1 .o 
0.8 
1 .o 
1 .o 
1 .o 
0.8 
1 .o 
1 .o 
0.8 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
0.8 
1 .o 
1 .o 
1 .o 
0.8 
0.8 
0.8 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
0.8 
1 .o 
0.8 
1.1 
0.8 
0.9 

6,912 
5,556 
5.41 1 
5,208 
5,123 
5,020 
4,845 
5,792 
4,699 
4,630 
4,596 
4,562 
4,401 
4,112 
4,072 
3,846 
3,592 
3,378 
3,324 
3,472 
3,289 
3,205 
3,205 
3,205 
2,481 
3,094 
3,133 
3,133 
2,488 
2,457 
2,439 
3,071 
3,056 
3,064 
3,049 
2,976 
2,342 
2,326 
2,834 
4,762 
2,907 
3,488 

6 21.6 
5 22.6 
5 22.7 
5 23.7 
5 24.0 
5 24.5 
6 24.7 
6 25.2 
5 26.0 
5 26.7 
5 26.7 
5 27.0 
5 28.6 
5 30.5 
5 30.9 
5 32.8 
5 34.9 
6 37.0 
5 37.7 
5 39.0 
4 39.9 
5 39.0 
5 40.0 
5 38.0 
5 37.9 
5 39.4 
5 40.1 
5 40.1 
4 40.4 
5 39.6 
5 40.0 
5 38.3 
5 38.7 
6 38.5 
5 39.0 
4 40.0 
5 40.9 
5 40.0 
5 41.0 
5 38.0 
5 43.0 
7 43.0 

1 .o 
0.8 
0.8 
1 .o 
0.8 
1 .o 
1 .o 
1.2 
1 .o 
1 .o 
0.8 
1 .o 
1 .o 
1 .o 
0.8 
1.0 
1 .o 
1 .o 
1 .o 
1 .o 
0.8 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
0.8 
1 .o 
1 .o 
1 .o 
1 .o 
1.2 
1 .o 
0.8 
1 .o 
1.3 
0.8 
0.7 
0.8 
1 .o 

13,889 
11,062 
11,013 
10,549 
10,417 
10,204 
12,146 
11,905 
9,615 
9,363 
9,363 
9,259 
8,741 
8,197 
8,091 
7,622 
7,163 
8,108 
6,631 
6,410 
5,013 
6,410 
6,250 
6,579 
6,596 
6,345 
6,234 
6,234 
4,950 
6,313 
6,250 
6,527 
6,460 
7,792 
6,410 
5,000 
6,112 
6,250 
6,098 
6,579 
5,814 
8,140 

Mean 5.3 34.6 5.0 35.1 0.9 3,758 5.1 34.5 1.0 7,776 
SD(d) 0.6 0.7 0.1 1,088 0.5 0.1 2,145 
CV(e) 11.3 14.0 11.1 29.0 9.8 10.0 27.6 

- 
(a) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Estimated milligrams of decabromodiphenyl oxide consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviatiodmean) X 100 

217 Decabromodiphenyl Oxide, NTP TR 309 



Decabromodiphenyl Oxide, NTP TR 309 218 



APPENDIX N 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN 

NIH 07 RAT AND MOUSE RATION 

Meal Diet: June 1980 to July 1982 

(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE N1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent  by Weight 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
Soy oil 
Brewer’s dried yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(a) NIH, 1978; NCI, 1976 
(b) Ingredients should be ground to pass through a U.S. Standard Screen No. 16 before being mixed. 

TABLE N2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION(a) 

Source Amount 

Vitamins 

A 

D3 
d-a-Tocopheryl acetate 
Riboflavin 
Thiamine 
Niacin 
d-Pantothenic acid 
Folic acid 
Pyridoxine 

Biotin 
B;2 

K3 
Choline 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

5,500,000 IU 

4,600,000 IU 
20,000 IU 

3.4 g 
10.0 g 
30.0 g 
18.0 g 
2.2 g 
1.7 g 

4,000.0 mcg 
140.0 mg 

2.8 g 
560.0 g 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4 g 

Stabilized vitamin A 

D-activated animal sterol 
palmitate or acetate 

Thiamine mononitrate 

d-Calcium pantothenate 

Pyridoxine hydrochloride 

d-Biotin 
Menadione activity 
Choline chloride 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 lb) of finished product 
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TABLE N3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Mean f Standard 
Nutrient Deviation Range Number of Samples 

Crude protein (percent by weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

Essential amino acids (percent of total diet) 

24.20 f 1.00 
5.02 f 0.46 
3.48 f 0.41 
6.66 f 0.41 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

Essential fatty acids (percent of total diet) 

Linoleic 
Linolenic 
Arachidonic 

Vitamins 

1.260 
0.395 
1.175 
0.553 
0.908 
1.905 
1.250 
0.310 
0.967 
0.834 
0.175 
0.587 
1.085 

2.37 
0.308 
0.008 

Vitamin A (IUkg) 
Vitamin D (IUkg) 
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B,, (ppb) 
Choline (ppm) 

Minerals 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

1 1,087 f 1,723 
6,300 
37.6 

18.8 k 0.36 
6.9 
75 

30.2 
7.2 
2.1 

0.24 
12.8 

3,315 

1.27 f 0.19 
1.00 f 0.08 

0.809 
0.557 
0.304 
0.172 
0.278 
418 
90.8 
55.1 
12.68 
2.58 
1.86 
0.57 

22.6-26.3 
4.2-6.0 
2.4-4.3 

5.97-7.42 

1.21-1.31 
0.39-0.40 
1.15-1.20 

0.530-0.576 
0.881-0.934 

1.85-1.96 
1.20-1.30 

0.306-0.314 
0.960-0.974 
0.827-0.840 
0.171-0.178 
0.566-0.607 

1.05-1.12 

7,200-17,000 

31 -1-44.0 
7.4-26.0 
6.1-7.4 
65-86 

29.8-30.5 
5.6-8.8 
1.8-2.4 

0.21-0.27 
10.6-15.0 

3,200-3,430 

0.81-1.6 
0.84-1.10 

0.772-0.846 
0.479-0.635 
0.258-0.349 
0.166-0.177 
0.270-0.285 

409-426 
86.0-95.5 
54.2-56.0 

9.65-15.70 
1.52-3.64 
1.79-1.93 
0.49-0.65 

24 
24 
24 
24 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 

24 
1 
2 

(b) 23 
2 
2 
2 
2 
2 
2 
2 
2 

24 
24 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

(a) One or two batches offeed analyzed were manufactured in January andlor April 1983. 
(b) One batch (7/22/81) not analyzed for thiamine. 
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TABLE N4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminant 
Mean f Standard 

Deviation Range Number of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (a) 
Selenium (ppm) 

Aflatoxins (ppb) (a, b) 

Nitrate nitrogen (ppm) (c) 
Nitrite nitrogen (ppm) (c) 
BHA (ppm) (d, e) 
BHT (ppm) (d) 

Aerobic plate count (CFU/g) 
Coliform (MPN/g) (n 
E. coli (MPN/g) 

Total nitrosamines (ppb) (g, h) 
. Total nitrosamines (ppb) (g, i) 

N-Nitrosodimethylamine (ppb) (g, j) 
N-nitrosodimethy lamine (ppb) (8, k) 
N-Nitrosopyrrolidine (ppb) 

Pesticides (ppm) 

a-BHC (a, 1) 
B-BHC (a) 
y-BHC-Lindane (a) 
6-BHC (a) 
Heptachlor (a) 
Aldrin (a) 
Heptachlor epoxide (a) 
DDE (a, m) 
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor (a, m) 
Dieldrin (a) 
Endrin (a) 
Telodrin (a) 
Chlordane (a) 
Toxaphene (a) 
Estimated PCB’s (a) 
Ronnel (a) 
Ethion (a) 
Trithion (a) 
Diazinon (a) 
Methyl parathion (a) 
Ethyl parathion (a) 
Malathion (n) 
Endosulfan I (a) 
Endosulfan II (a) 
Endosulfan sulfate (a) 

0.39 f 0.17 
co.1 

1.09 f 0.72 
C0.05 

0.30 f 0.07 

< 10 

8.50 k 4.39 
2.05 f 1.28 
3.68 f 2.71 
2.65 f 1.13 

70,729 f 49,351 
731 f 880 
7.50 f 7.68 

7.24 f 6.70 
17.03 f 28.20 
5.55 f 6.07 

13.29 f 26.86 
1.32 f 0.81 

0.13-0.93 

0.33-2.93 

0.16-0.48 

0.6-18.0 
0.4-5.3 

0.4-11.0 
1.2-4.9 

7,000-2 10,000 
C3-2,400 

C3-23 

1.8-24.5 
1.8-101.6 
0.7-20.0 
0.7-99 
0.3-3.5 

co.01 
<0.02 
<0.01 
co.01 
<O.OI 
co.01 
co.01 
co.01 
co.01 
co.01 
co.01 
<0.01 
C0.05 
co.01 
co.01 
co.01 
< 0.05 
co.1 
c0.2 
co.01 
< 0.02 
C0.05 
co.1 
c0.02 
c0.02 

0.08 k 0.05 
co.01 
co.01 
<0.03 

0.05 (7/18181) 

0.13 (8/25/81) 

CO.05-0.25 

24 
24 
24 

24 

24 

24 
24 
24 
24 

21 
24 
24 

22 
24 
22 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
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TABLE N4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued)

(a) All values were less than the detection limit, given in the table as the mean.
(b) Detection limit was reduced from 10 ppb to 5 ppb after 7/81.
(c) Source of contamination: Alfalfa, grains, and fish meal
(d) Source of contamination: Soy oil and fish meal
(e) Two batches contained less than 0.5 ppm.
(f) MPN = most probable number
(g) All values were corrected for percent recovery.
(h) Mean, standard deviation, and range exclude two very high values of 101.6 and 100.3 ppb in batches produced on 1/26/81
and 4/27/81.
(i) Mean, standard deviation, and range include the very high values given in footnote h.
(j) Mean, standard deviation, and range exclude two very high values of 97.9 and 99 ppb in batches produced on 1/26/81 and
4/27/81.
(k) Mean, standard deviation, and range include the high values given in footnote j.
(1) BHC = hexachlorocyclohexane or benzene hexachloride
(m) One observation was above the detection limit. The value and the date it was obtained are listed under the range.
(n) Nine batches contained more than 0.05 ppm.
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APPENDIX 0 

DISPOSITION OF DECABROMODIPHENYL 0:XIDE IN 

F344/N RATS 
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APPENDIX 0. CHEMICAL DISPOSITION 

I. Materials and Methods 

A. Chemicals: Unlabeled decabromodiphenyl oxide was obtained frorn Fluka Chemical 
Corporation, Hauppauge, New York. No purity was specified. [U-14Cldecabromodiphenyl 
oxide (lot no. 83-127-22-251, with a stated specific activity of 16.9 mCi/mmol (0.0176 
mCi/mg), was supplied by Midwest Research Institute. No radiochemical purity was 
indicated. 

The radiochemical purity of the 14C-decabromodiphenyl oxide used in the dosing solutions 
and formulated diets was assessed by high-performance liquid chromatography (HPLC) 
with a Waters Chromatograph equipped with a model 6000A pump, a model U6K injector, a 
model 440 absorbance detector, and a model 730 data module. The following conditions were 
used: 

Sample: 0.010-0.020 ml of solution of 1%-decabromodiphenyl oxide in tetrahydrofuran 
VHF) 
Column: Nova-Pak Cl8 
Solvent: 93% methanol, 1 ml/min 
UV wavelength: 254 nm 

The effluent was collected in vials, as a series of 1-ml samples, starting immediately after 
injection of the sample and continuing for 30 minutes. Samples were diluted with 15 ml of 
ScintiVerse I solution and assayed for radioactivity in a Packard Tricarb Scintillation 
counter. In this chromatographic system, decabromodiphenyl oxide had a retention time of 
20-22 minutes. The percent purity was determined by dividing the disintegrations per 
minute (dpm) present in the major eluted peak by the total dpm eluted from the column. The 
radiochemical purity of 142-decabromodiphenyl oxide was 97.9%-99.2%. Unlabeled 
decabromodiphenyl oxide was assayed similarly, except that the purity was calculated by 
dividing the area of the major UV peak by the total area of all peaks not in the 
chromatogram of the blank. Unlabeled decabromodiphenyl oxide was 921% pure, with other 
components elutingat 12.9 minutes (l%), 17.5 minutes (2%), and 22.5 minutes (5%). 

To allow calculation of the specific activity of the W-decabromodiphenyl oxide in the dosing 
solutions and formulated diets, portions were added to the ScintiVerse I scintillation 
solution and assayed for radioactivity in a Packard Tri-Carb counter. Feed samples were 
combusted in a Packard 301 sample oxidizer before assay. 

Solutions for intravenous injection were prepared a t  room temperature, with sonication as 
necessary, and used immediately after preparation. Rats were injected intravenously in the 
tail vein with 0.1 m1/100 g of body weight. To determine whether the preparations were 
homogenous and stable, the concentrations of decabromodiphenyl oxide in the dosing 
solutions and in the formulated diets were determined, before and after dosing, by HPLC 
analysis with the system described above, except that amounts of 0.003-0.020 ml were 
injected. The amount present in each sample was calculated from the area under the major 
UV-absorbing peaks by relating these values to those of a standard curve. To determine the 
amounts of decabromodiphenyl oxide in the batches of feed, the compound was extracted 
with THF before HPLC analysis. 
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APPENDIX 0. CHEMICAL DISPOSITION 

B. 

C. 

Study animals: Seven- to eight-week old F344JN rats were purchased from Charles River 
Laboratories, Stoneridge, New York. The rats, housed five per cage in suspended, solid- 
bottom, polycarbonate cages lined with hardwood chips, were quarantined for 3-13 days. 
Food and water were provided a t  all times, unless otherwise indicated. Before initiation of 
each feed study, three to six rats were killed, examined and found to have no evidence of 
ectoparasites or endoparasites and to have no gross abnormalities. For acclimation to 
the powdered diet, rats to be exposed by feeding were fed powdered chow for 3 days before 
day 1 of the feeding studies. On study day 1, rats in studies involving more than three 
animals were randomized by use of a table of random numbers and were identified by 
inscribing numbers with a felt-tip marker on the dorsal side of the tail. lifter exposure, the 
rats, except those in experiment E, were placed in metabolism cages for ithe duration of the 
studies and were killed by exsanguination after anesthetization. Those in experiment E 
were restrained and, at the end of the experiment, killed by an overdose of ether. 

Procedures 

1. Experiment A--Uptake and disposition of 14C-decabromodiphenyl oxide in 
F344/N male rats after exposure in the diet: Formulated diets containing 
decabromodiphenyl oxide were prepared by mixing decabromodiphenyl oxide and 1%- 
decabromodiphenyl oxide, in various proportions, with pulverized Wayne Lab-BloxQ 
feed. Mixing was accomplished by placing bottles containing the chemical, feed, and 
mixing stones on automatic rollers. Each preparation of feed was mixed until homo- 
geneity was attained. Analysis of each was accomplished by extralcting samples with 
THF and assaying by HPLC. The amounts present were calculated by comparison to a 
standard curve. The feed preparations were determined to be homogenous and stable by 
assay of quadruplicate samples before and after the feeding periods. Rats were assigned 
to six groups of three rats each. The rats, 8 weeks old, weighed 156-184 g on study day 1. 
The feed was provided to the rats in glass beakers inside porcelain jars. The jars had 
metal screw caps with a center opening 2.5 cm in diameter. Feed consumption was mea- 
sured daily, beginning with the acclimation period. Fresh feed was supplied each day. 
Each group of rats was fed the standard diet, which contained unlabeled decabromo- 
diphenyl oxide, on days 1-7 and 9-11 and the study diet, containing W-decabromo- 
diphenyl oxide, on day 8. Group I received feed containing the highest concentration of 
decabromodiphenyl oxide (5.11%) and group VI, the lowest (0.0238%). 

Urine and feces were collected separately each day on study days 9-12. On day 12, 
tissues were collected separately from each rat. A portion of the colllected blood was cen- 
trifuged to obtain plasma. The following tissues were collected, blotted on filter paper (if 
appropriate), wrapped in foil, frozen on dry ice, and stored frozen until analysis: liver, 
kidney, lung, voluntary muscle, fat, skin (ear), brain, gut contents, and gut tissue. 

For assay of radioactivity, the total collection of feces from each ra.t was dried a t  room 
temperature for 3 days, weighed, and pulverized in a Salton Quick Mill grinder (Salton, 
Inc., Bronx, New York). Quadruplicate portions of each collection were combusted in the 
sample oxidizer before assay. Portions of urine, plasma, and whole blood were placed in 
combustion cups and allowed to dry overnight before combustion and assay for radio- 
activity. Portions of fat were combusted and assayed without drying. No other types of 
collected samples were assayed. 
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APPENDIX 0. CHEMICAL DISPOSITION 

2. Experiment B--Disposition of 14Gdecabromodiphenyl oxide after intravenous 
injection in F344/N male rats: Five rats, 8.5 weeks old and weighing 150-171 g on 
study day 1, were used. They were injected intravenously in the trail vein with 14C- 
decabromodiphenyl oxide in THF:Emulphor:water (1:1:2, v/v/v). Analysis of the dosing 
solution by HPLC revealed that it was not stable. Before dosing, the concentration was 
0.533 f 0.019 mg/ml (8,150 nCi/ml) and after dosing, 0.429 f 0.010 mg/ml (6,580 
nCi/ml). Although a few tissues were collected and analyzed as described in experiment 
A, the results were compromised by the instability of the dosing solution. 

3. Experiment C--Uptake and disposition of W-decabromodiphenyl oxide in 
F344/N male rats at 24,48, and 72 hours after exposure: Rats were assigned to six 
groups of three rats each. The 8-week-old rats weighed 149-165 g on study day 1. Feed 
containing high (4.80%) and low (0.0277%) concentrations of labeled or unlabeled 
decabromodiphenyl oxide were prepared and characterized as describled for experiment 
A. The preparations were determined to be homogenous and stable. Groups 1-111 were 
fed a diet containing the higher amount of decabromodiphenyl oxide, and groups IV-VI 
were fed a diet containing the lower amount. Rats were killed as follows: group I and 
IV, on day 10; groups II and V, on day 11; and groups III and VI, on day 12. Tissue and 
other samples were collected as described in experiment A; in addition, the spleen was 
collected. 

Samples of whole blood, plasma, urine, and feces were assayed as detxribed for experi- 
ment A. Portions of other tissues and gut contents were assayed after homogenization in 
9 volumes of water after combustion. 

To determine the extractability of W-decabromodiphenyl oxide from feces, a solution 
(THF:Emulphor:water, 2: 1:2, v/v/v) containing this compound was added to feces from 
F344/N rats, and the feces were dried and pulverized. To quadruplicate 0.5-g portions, 5 
ml of water was added, and the preparations were sonicated for 15 minutes. THF (10 ml) 
and benzene (10 ml) were added, and the preparations were shaken for 60 minutes and 
centrifuged. The solid material was further extracted, twice with 10 ml of benzene and 
three times with 10 ml of THF. The pooled benzene extracts were washed with 5 ml of 
water. The upper phase, the benzene extract, was retained for analysis. The lower 
phase was added to the combined THF extracts, and 5 ml of benzene was added. The 
resulting upper layer was retained as the THF extract. The percent extractability was 
calculated by dividing the amounts in the benzene and THF extracts by the total amount 
present in all fractions and multiplying by 100. The value derived was 99.7% f 0.2%. 

To determine the extent of metabolism of 14C-decabromodiphenyl oxide by rats fed 
decabromodiphenyl oxide and 14C-decabromodiphenyl oxide, pulverized fecal samples 
collected on days 9-11 were pooled for all rats within a dose group. (There was no 
appreciable radioactivity in the feces for day 12.) Each of the pooled fecal samples was 
mixed on a roller apparatus, and portions (0.5 g) were extracted as described above. Of 
the total radioactivity present, 99.4% k 0.2% was in the benzene and ‘FHF extracts. The 
extracts were evaporated to dryness. The benzene extracts were dissolved (or 
suspended) in 4 ml of THFhenzene (l:l, vh) ,  and the THF extracts in 1 ml of THF. The 
benzene extracts from rats fed the two highest doses were cloudy with a white substance. 
Both types of extracts were exposed to the HPLC procedure described above. 
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APPENDIX 0. CHEMICAL DISPOSITION 

To determine the extractability of 14C-decabromodiphenyl oxide from. liver, a portion of 
liver from a n  F344/N rat  was homogenized in 9 volumes of water, 14C-decabromo- 
diphenyl oxide was added, and the preparation was homogenized again and lyophilized 
to dryness. For each of four portions, extractions were performed with three separate 5- 
ml portions of THF. The extracts were allowed to evaporate to dryness before radio- 
assay. The remaining pellets were also subjected to radioassay. The percent extracta- 
bility was calculated by dividing the amount in the extracts by thi,s amount plus the 
amount in the pellet and multiplying by 100. The value derived was 816.4% f 1.9%. 

In some experiments, a model 1040A photodiode assay spectrophlotometric detector 
(Hewlett-Packard, Palo Alto, California) was used to obtain UV spectra of components 
eluting from the HPLC column. 

4. Experiment D--Disposition of 1%-decabromodiphenyl oxide in male F344/N rats 
72 hours after intravenous injection: Rats weighed 134-137 g and were 7.5 weeks old. 
Three rats were injected intravenously with 14C-decabromodiphenyl oxide (1.07 mg/kg, 
0.0173 mCi/kg) in THF:Emulphor:water (2:1:2, v/v/v). As determined by the HPLC 
assay described in LA., the dosing solution was found to be stable and homogeneous. 
Urine and feces were collected daily for 3 days. At 72 hours after dosing, tissue and 
other samples, including spleen and tail, were collected as described in experiment A. 
Feces (0-48 h and 48-72 h) were pooled separately, extracted, and assayed. 

5. Experiment E--Biliary excretion of W-decabromodiphenyl oxide after intra- 
venous administration to F344/N rats: Six rats (165-181 g, 8.5 weeks old) were 
anesthetized with pentobarbital (30 mg/kg, intraperitoneally), and their bile ducts were 
cannulated. The rats were allowed to recover from the anesthesia before 14C- 
decabromodiphenyl oxide (0.947 mg/kg, 0.016 mCi/kg) in THF:Emulphor:water (2:1:2, 
v/v/v) was injected intravenously. As determined by the HPLC assay described in LA., 
the dosing solution was found to be stable and homogeneous. Bile was collected at 
designated times over a 4-hour period. During bile collection, eac!h rat was provided 
water from a bottle placed within reach of the animal. The rats were killed 4 hours after 
dosing, and their tails were collected and homogenized in 9 volumes of water. Measured 
portions of each bile sample and portions of the tail homogenates were assayed for 
radioactivity after combustion. 

D. Results 

Experiment A: Rats were fed, on days 1-7 and 9-11, unlabeled decabrornodiphenyl oxide in 
amounts ranging from 238 to 51,100 ppm in the diet and on day 8 with 14C-decabromo- 
diphenyl oxide in similar amounts (Table 01). Over the entire period, rats in group I (51,100 
ppm) consumed significantly less food (P < 0.025) than those in groups III:, IV, V, and VI (238 
ppm). For day 8, however, the difference in consumption was not significant (O.lO<P<O.25) 
by a one-way analysis of variance. 
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In the 72 hours after the diet containing 1%-decabromodiphenyl oxide was removed, 
recovery of radiolabel in the feces ranged from 91.3% 2 4.0% to 101% f 4% of the amount 
ingested (Table 02). Recovery was not related to the dose of decabroimodiphenyl oxide. 
Although the liver contained only small amounts of radioactivity, rats fed the smaller 
amounts of unlabeled decabromodiphenyl oxide had a greater percentage of radioactivity in 
this organ. The amounts ranged from 0.008% of the dose for group I to 0.064% for group VI. 
Although the amount of radioactivity in fat was also low, there was a tendency for rats fed 
the smaller amounts of unlabeled decabromodiphenyl oxide to have more radioactivity in 
this tissue. The amounts ranged from 0.072% for group I to 0.157% for group VI, with the 
value for Group IV (0.090%) being out of line. 

A notable result of exposure to decabromodiphenyl oxide was that the liver weights of rats 
were significantly greater (P< 0.001) for those consuming diets with large concentrations of 
decabromodiphenyl oxide (Figure 14). For the two lowest concentrations, the weights were 
9.65 f 0.92 g and 9.80 k 0.19 g and, for the two highest concentrations, 13.8 f 0.9 g and 
13.7 k 1.3g. 

Experiment B: As noted above, the results from this experiment were compromised by the 
instability of the dosing solution. The only results of note were that 15.8% f 4.3% of the 
dose (based on the predosing value) was found in the lungs of these rats 72 hours after 
dosing. Such a large amount in this tissue, which collects particulate material injected into 
the bloodstream, tends to confirm that precipitation of W-decabromodiphenyl oxide in the 
dosing solution had occurred. This experiment was repeated with a different dosing formu- 
lation (experiment D). 
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TABLE 01. FEED CONSUMPTION, DECABROMODIPHENYL OXIDE CONCENTRATION IN THE DIET, 
AND DECABROMODIPHENYL OXIDE CONSUMED BY F344/N RATS 

Concentration of Decabromocliphenyl Oxide 
Rat Feed Consumed Decabromodiphenyl Oxide in Feed (ppm) Consumed on Day 8 

Group Wday) Unlabeled (a) Labeled (b) nCUg (b) mg nCi[Wl  

I (c,d) 14.4 f 1.0 51,100 48,600 214 f 5 716 f 58 3,150 k 250 
II 15.1 f 1.1 25,400 24,400 219 f 28 370 f 10 3,320 -I 90 
III 16.5 C 0.7 4,730 5,000 232 C 23 78.0 C 5.1 3,620 C 240 
IV 17.1 f 0.3 2,510 2,490 212 f 19 43.9 f 2.4 3,740 + 200 
V 16.9 f 0.5 496 52 1 206 f 8 8.72 f 0.40 3,460 f 160 
VI 17.0 f 1.5 238 26 1 215 f 23 4.37 f 0.68 3,610 f 560 

(a) Concentration of unlabeled decabromodiphenyl oxide in feed, fed on days 1-7 and 9-1 1; the values are the averages of those 
derived by analysis before and after feeding. 
(b) Concentration of W-decabromodiphenyl oxide in feed, fed on day 8; the values are the averages of those derived by analysis 
before and after feeding. 
(c) Mean f standard deviation for three rata 
(d) Signifcantly less than (PC0.025) values for groups III, IV, V, and VI 

TABLE 02.  DISPOSITION OFRADIOACTIVITY IN F344/N RATS 72 HOURS AFTER EXPOSURE TO 
14C-DECABROMODIPHENYL OXIDE IN THE DIET ON DAY 8 

Rat Feces Liver Fa t  (a) 
Group (days 8-12) (day 12) (day 12) 

(percent of dose) (percent of dose) (percent of dose) 

I 
II 

III 
IV 
V 

VI 

(b) 95.5 k 9.9 
93.0 f 5.0 
91.3 C 4.0 
101 + 4  
100 C 1 
97.7 k 5.8 

0.008 f 0.002 
0.006 f 0.001 
0.011 f 0.003 
0.016 k 0.003 
0.043 f 0.010 
0.064 k 0.003 

0.072 f 0.041 
0.088 2 0.022 
0.126 k 0.017 
0.090 C 0.027 
0.161 f 0.026 
0.157 k 0.007 

(a) Considered to be 7% of total body weight 
(b) The values are means k standard deviation for three rata. 
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The values on the horizontal axis are the total amounts ofdecabromdiphenyt oxide and W- 
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FIGURE 14. EFFECT OF EXPOSURE TO DECABROMODIPHENYL OXIDE ON 
LIVER WEIGHTS OF F344/N RATS 
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Experiment C: These rats were fed a diet containing unlabeled decabromodiphenyl oxide 
on days 1-7 and day 9 (groups I and IV), days 1-7 and days 9-10 (groups II and VI, or days 1-7 
and days 9-11 (groups II and VI) (Table 03). For groups 1-111, unlabeled diecabromodiphenyl 
oxide concentration was 48,000 ppm, and for groups IV-VI, 277 ppm unlabeled deca- 
bromodiphenyl oxide. A diet containing correspondingly similar amounts of 14C-decabromo- 
diphenyl oxide was fed on day 8. Although for groups 1-11 the mean values for feed 
consumption were lower than those for groups IV-VI, the difference was not significantly 
different. The amount of 14C-decabromodiphenyl oxide consumed was in proportion to the 
content of the diet. The radioactivity ingested ranged from 3,070 k 60 nCi to 3,590 k 140 
nCi, but the amounts were not related to the concentrations of decabromlodiphenyl oxide in 
formulated diets. 

Recovery of radioactivity in the feces ranged from 82.5% k 4.7% to 86.4% _+ 8.5% and was 
not related to the dietary concentration of decabromodiphenyl oxide or to the time the rats 
were killed (24, 48, or 72 hours) after consumption of 14C-decabromodiplhenyl oxide (Table 
04). For both doses, the percent of the dose remaining in the gut contents (less than 4%) 
decreased with time the rats were killed after exposure to W-decabromodiphenyl oxide. A 
similar observation was noted for gut tissue, which contained less than 0.04% of the dose. 

At 72 hours, the liver contents of radioactivity in rats exposed to decabrlomodiphenyl oxide 
in the diet were low (0.016% of the dose for rats fed 48,000 ppm decabromodiphenyl oxide 
and 0.109% for rats fed 277 ppm decabromodiphenyl oxide). These values are consistent 
with the values derived in experiment A. For rats fed the low amount of decabromodiphenyl 
oxide, the liver contained 0.449% k 0.010% of the dose of 14C-decabromodiphenyl oxide at  
24 hours after feeding and 0.213% k 0.016% a t  48 hours. Also consistent with results for 
experiment A, liver weights for rats receiving the high dose were 12.5 j: 0.7 g; those from 
rats given the low dose were 8.68 k 0.69 g. 

The maximum percent of dose in other organs and tissues was as follows: kidney, 0.016%; 
spleen, 0.003%; lungs, 0.011%; brain, less than 0.001%; muscle (considered to be 50% of body 
weight), 0.248%; fat (considered to be 7% of body weight), 0.077%; and skim (considered to be 
16% of body weight), 0.252% (Table 04). For all of these tissues, the ma.ximum value were 
for rats in groups fed the smaller dose. 

The remaining portions of the liver homogenates from rats in group IV were lyophilized to 
dryness and extracted three times with 5 ml of THF. The extract containing the most 
radioactivity was purified on a Sep-Pak Cl8 cartridge and analyzed b,y HPLC under the 
conditions described above, except that 0.05 ml of sample was injected. Fractions of 1 ml 
were collected and assayed for radioactivity, revealing that 81% of the radioactivity eluted 
at  the retention time of decabromodiphenyl oxide (23 minutes). The remainder of the 
sample was further purified by HPLC and passage through a Sep-Pak cartridge. A final 
HPLC analysis allowed a UV spectrum to be determined for the radioactive material. The 
spectrum was identical to that for decabromodiphenyl oxide (Figure 15). 

In extracts of feces, three main metabolite peaks, eluting a t  3-6 minutes, 6-12 minutes, and 
12-17 minutes, were evident; decabromodiphenyl oxide eluted at  17-25 min (Table 05). The 
percent of metabolites present tended to increase as the concentration of decabromodiphenyl 
oxide in the diet increased. For samples derived from rats fed larger amounts, however, the 
results are equivocal due to the low recovery of injected radioactivity. Such low recovery 
was probably due to precipitation of decabromodiphenyl oxide and possibly decabromo- 
diphenyl oxide metabolites when solutions approaching saturation were injected into the 
HPLC instrument. 
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TABLE 03. FEED CONSUMPTION, DECABROMODIPHENYL OXIDE CONCENTRATION IN THE DIET, 
AND DECABROMODIPHENYL OXIDE CONSUMED BY F344/N RATS 

24,4s, OR 7a HOURS AFTER EXPOSURE 

Rat  Food Concentration of Decabromodiphenyl Oxide 
C r o u p  Consumed Decabromodiphenyl Oxide in Feed Consumed on Day 8 

(&day) Unlabeled (a) Labeled (b) nCi/g (b) mg nCi [W] 

I (e) 12.6 f 2.3 48,000 48,500 219 f 9 W755 f 12!3 (c)3,410 f 580 
II 12.9 f 2.7 48,000 48,500 219 f 9 794 f 32 3,590 f 140 
III 13.8 f 2.5 48,000 48,500 219 f 9 744 f 250 3,360 f1,130 
IV 14.3 k 2.3 277 259 215 f 5 3.70 f 0.07 3,070 f 60 

259 215 f 5 4.27 I: 0.51 3,540 f 420 
VI 15.8 f 2.4 277 259 215 f 5 4.06 f 1.15 3,370 f 960 
V 15.7 f 2.0 277 

(a) Concentration (ppm) of unlabeled decabromodiphenyl oxide in the feed on days 1-7 and 9 (groups [ and IV), days 1-7, and 
days 9-10 (groups II and V), or days 1-7 and days 9-1 1 (groups III and VI). Values are the averages of those derived by analysis 
before and after feeding. 
(b) Concentration (ppm) of 1%-decabromodiphenyl oxide in the feed for day 8. Values for ppm decabromodiphenyl oxide are 
averages ofthose derived by analysis before and after feeding. The values for nCUg are the mean f standard deviation for four 
separate determinations. 
(c) Mean k standard deviation for three rata 
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TABLE 04. DISPOSITION OF RADIOACTIVITY IN RATS 24, 48, OR 72 HOURS AFTER EXPOSURE TO 
14C-DECABROMODIPHENYL OXIDE IN THE DIET ON DAY 8 (a) 

Tissue 
or Sample Percent  of Dose nCi/g or ml Percent  of Dose nCi/g or ml Percent  oFDose nCVg or ml 

Group I (kill day  = 10) Group II (kilt d a y  = 11) Group III(ki l lday= 12) 

~ 

Urine 
Feces 
Gut contents 
Gut tissue 
Liver 
Kidneys 
Lungs 
Spleen 
Brain 
Muscle (d) 
Skin (e) 
Fat (0 
Blood (g) 
Plasma (h) 

~ ~~ 

(b) 0.004 k 0.002 (C) 
85.3 k 7.1 (C) 
3.32 k 1.65 (C)  
0.031 k 0.016 0.255 f 0.132 
0.007 f 0.001 0.019 f 0.005 
co.001 0.007 f 0.004 
<0.001 0.015 f 0.006 
<0.001 0.031 fO.018 
co.001 <0.01 
0.015 k 0.014 0.005 f 0.005 
0.099 -+ 0.018 0.115 f 0.024 
0.040 f 0.015 0.107 f 0.036 
0.003 f 0.00 1 0.006 f 0.002 
0.001 f 0.001 0.003 f 0.003 

Total recovery 
(percent ofdose) 88.8 

~~~~ 

0.007 f 0.003 
85.6 f 4.5 
0.552 f 0.873 
0.012 f 0.011 
0.007 f 0.006 
<O.OOt 
<0.001 
<0.001 
<0.001 
0.014 f 0.005 
0.049 f 0.017 
0.018 f 0.004 
0.001 _+ 0.002 
0.001 kO.001 

~~ ~ 

(C)  
( C l  
(C )  

0.095 f 0.086 
0.019 f 0.015 
0.009 f 0.003 
0.010 f 0.006 
0.038 f 0.025 

0.006 f 0.002 
0.061 f 0.023 
0.049 f 0.010 
0.003 f 0.004 
0.002 f 0.002 

< 0.0 1 

0.008 f 0.005 
85.1 f !i.5 
0.059 f 0.039 
0.001 f 0.001 
0.016 f 0.006 
<0.001 
0.001 k 0.001 
co.001 
<0.001 
0.008 f 0.012 
0.036 f 0.013 
0.012 f 0.012 
0.014 k 0.011 
0.006 f 0.002 

86.3 85.3 

~~ 

( C l  
(C)  
(C) 

0.013 f 0.011 
0.040 f 0.004 
0.009 f 0.005 
0.022 f 0.005 
0.022 f 0.011 

0.004 f 0.006 
0.038 f 0.008 
0.025 f 0.022 
0.023 f 0.009 
0.019 f 0.003 

<0.01 

Tissue 
or Sample Percent  of Dose nCi/g o r  ml 

Group IV (kill d a y  = 10) Group V (kill d a y  = 11) Group VI (kill d a y =  12) 
Percent  of Dose nCi/g or ml Percent  alf Dose nCVg or ml 

Urine 
Feces 
Gut contents 
Gut tissue 
Liver 
Kidneys 
Lungs 
Spleen 
Brain 
Muscle (d) 
Skin (e) 
Fat (0 
Blood (g) 
Plasma (h) 

0.012 f 0.005 
86.4 f 8.5 
1.82 k 0.36 
0.038 f 0.004 
0.449 f 0.010 
0.016 f 0.002 
0.011 f 0.001 
0.003 f 0.001 
<0.001 
0.198 k 0.024 
0.252 f 0.018 
0.062 f 0.033 
0.043 f 0.006 
0.035 f 0.004 

Total recovery 
(percent of dose) 89.3 

(C 1 
(C)  
( C l  

0.302 f 0.023 
1.62 f 0.012 
0.407 f 0,015 
0.457 f 0.022 
0.273 f 0.030 

0.006 f 0.001 
0.257 f 0.022 
0.145 f 0.073 
0.077 f 0.009 
0.112 f 0.010 

<0.01 

0.01 1 f 0.003 
83.9 f 0.9 
0.518 f 0.413 
0.021 fO.000 
0.213 f 0.016 
0.016 f 0.000 
0.007 f 0.000 
0.002 f 0.000 
<0.001 
0.244 f 0.016 
0.207 f 0.031 
0.077 f 0.022 
0.024 f 0.010 
0.019 f 0.006 

(C) 

(C) 
(C) 

0.181 f 0.023 
0.846 f 0.057 
0.430 f 0.066 
0.321 f 0.051 
0,160 f 0.017 

0.009 f 0.001 
0.232 f 0.062 
0.196 * 0.073 
0.048 f 0.023 
0.067 f 0.019 

co.01 

0.012 f 0.007 
82.5 f 4.7 
0.093 f 0.029 
0.011 f 0.001 
0.109 f 0.029 
0.013 f 0.001 
0.004 f 0.001 
0.001 f 0.000 
co.001 
0.248 f 0.007 
0.136 f 0.018 
0.048 k 0.001 
0.026 f 0.008 
0.021 k 0.004 

85.3 83.2 

(C) 

(C) 
(C) 

0.107 f 0.024 
0.440 f 0.203 
0.295 f 0.059 
0.167 f 0.055 
0.074 f 0.028 

0.008 k 0.002 
0.144 f 0.042 
0.115 f 0.026 
0.050 f 0.024 
0.068 f 0.007 

<0.01 

(a) Rats were fed unlabeled decabromodiphenyl oxide in the diet on days 1-7, W-decabromodiphenyl oxide in the diet on day 8, 
and unlabeled decabromodiphenyl oxide in the diet through the kiil day. 
(b) Tetrahydrofuran extract mean f standard deviation for three rats 
(c) Not calculated 
(d) Considered to be 50% of body weight 
(e) Considered to be 16% of body weight 
(D Considered to be 7% of body weight 
(g) Considered to be 9% of body weight 
(h) Considered to be 5% of body weight 

235 Decabromodiphenyl Oxide, NTP TR 309 



or
3

I
M*

!•<
I

w
o
<0

O5

0)
0
c
(d

o
CO

JQ

DC

1 I I 1 I
210 220 230 240 250

Wavelength (nm)

260 270 280

FIGURE 15. ULTRAVIOLET SPECTRA OF REFERENCE DECABROMODIPHENYL OXIDE (
AN.D OF THE ISOLATE FROM THE LIVERS ( ) OF F344/N RATS EXPOSED TO

DECABROMODIPHENYL OXIDE IN THE DIET



TABLE 05. RECOVERY OF DECABROMODIPHENYL OXIDE AND METABOLITES IN EXTRACTS OF 
FECES OF RATS FED DIETS CONTAIMNG DECABROMODIPHENYL OXI13E 

Concentration of Retention Time (a) 
Decabrornodip henyl Decabromodiphenyl 

Oxide in Metabolites Oxide Radioactivit (nCi) 
Diet (ppm) Extract 3-6 min 8-13 min 12-17 min 11-25 min =tad RLovered 

50,000 

Total recovery 

25,000 

Total recovery 

5,000 

Total recovery 

2,500 

Total recovery 

500 

Total recovery 

250 

Total recovery 

Benzene (b)5.47 (4.57) 6.34 (6.04) 9.87 (3.31) 62.2 (69.0) 0.93 (0.37) 0.16 (0.22) 
(dTHF 

Benzene 
THF 

Benzene 
THF 

Benzene 
THF 

Benzene 
THF 

Benzene 
THF 

1.82 (2.50) 

7.29 (7.07) 

11.7 (8.90) 
3.40 (2.11) 

15.1 (11.0) 

3.26 
0.36 

3.62 

5.28 
0.74 

6.02 

2.70 
0.72 

3.42 

0.00 
0.67 

0.67 

2.64 (2.40) 

7.98 (8.44) 

7.51 (4.65) 
1.87 (1.00) 

9.38 (5.65) 

2.57 
0.06 

2.62 

3.47 
0.66 

4.12 

2.27 
0.56 

2.83 

0.00 
0.31 

0.31 

1.80 (2.58) 

11.7 (6.89) 

5.38 (9.15) 
2.08 (2.09) 

7.46 (11.2) 

2.54 
0.17 

2.71 

2.86 
0.54 

3.40 

1.55 
0.69 

2.24 

0.00 
0.52 

0.52 

9.81 (9.52) 

72.0 (78.5) 

57.8 (59.7) 
10.3 (12.4) 

68.1 (72.1) 

80.4 
10.6 

91.0 

76.5 
11.0 

86.5 

74.2 
16.8 

91.0 

86.6 
11.8 

98.4 

0.78 (0.15) 

1.16 (0.46) 
0.99 (0.20) 

2.80 
0.71 

2.33 
0.69 

4.08 
0.95 

4.51 
0.69 

0.11 (0.18) 

0.41 (0.27) 
0.29 (0.15) 

1.57 
0.44 

2.23 
0.67 

3.78 
1.07 

3.61 
0.71 

(a) High-performance liquid chromatographic analysis 
(b) Percent radioactivity in sample; the numbers in parentheses represent values obtained aRer dilutiion and reasaay of the 
extracts. 
(c) Tetrahydrofuran 
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To determine if the loss was associated only with decabromodiphenyl oxide or with deca- 
bromodiphenyl oxide and its metabolites, the benzene and THF extracts for samples from 
feces of rats exposed to diets containing 50,000 and 25,000 ppm decabromodiphenyl oxide 
were diluted by 2.5-fold and fivefold, respectively. The previously insoluble material in the 
benzene extracts, presumably decabromodiphenyl oxide, went into solution. Although 
recovery of radioactivity from injected portions of the benzene extracts was higher than the 
previous recovery, it was still incomplete (Table 05). No further dilutions were possible due 
to the reduced amount of radioactivity present. The relative amounts of decabromodiphenyl 
oxide and decabromodiphenyl oxide metabolites did not change drastically, an indication 
that, on injection of these extracts, both decabromodiphenyl oxide and its metabolites were 
being lost in equal proportions. 

Experiment D At 72 hours after an intravenous dose of W-decabromodiphenyl oxide 
(1.07 mg/kg), feces plus gut contents contained 74% of the dose (Table 0611. The radioactivity 
appeared to be present in relatively high and approximately equal concentrations in the 
liver, kidney, and lung. Only traces of radioactivity were in the urine, spleen, and brain. 
Although the tails contained an  average of 9.5% of the dose, there was little difference for 
the three individual rats, an indication that all three received equivalent amounts in the 
bloodstream. Muscle and skin retained 12.9% and 7.25% of the dose, respectively. Relative 
to tissues other than brain and spleen, the concentration of radioactiviky in blood was low 
(1.36 nCi/ml); most ofthat present was in the plasma (1.97 nCi/ml). 

Extraction of the feces of these rats showed that most of the excreted material was deca- 
bromodiphenyl oxide metabolites (Table 07). Unchanged decabromocliphenyl oxide con- 
stituted 36.5% of the total for the 0- to 48-hour collection period and 40.41% for the 48- to 72- 
hour period. 

Experiment E: Although two of the three rats examined in the initial health check for this 
experiment had in their livers a single scar-like focus, three additional reits examined had no 
such defects. Examination of the livers of rats used in the experiment revealed no 
abnormalities. 

As determined by assay of the tail, one of the six rats with biliary cannulas was improperly 
injected. The values derived for bile from this rat were not used in further calculations. For 
the remaining five rats, the rate of excretion and the cumulative excretion in the bile of 
radioactivity from 14C-decabromodiphenyl oxide is shown in Figure 1.6. Of the dose ad- 
ministered, 7.17% f: 1.01% appeared in the bile in 4 hours. From 1.5 to 4 hours, the rate of 
excretion was the same, 2.2% of the dose per hour. Tails of the five rats contained 5.38% If: 
2.11% of the administered dose, an indication that each received an adequate dose. 
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TABLE 06. DISTRIBUTION OF RADIOACTIVITY IN F344/N RATS ADMINISTERED 
'W-DECABROMODIPHENYL OXIDE BY INTRAVENOUS INJECTION 

Tissue or Sample Percent  of Dose (a) nCi/g or m I 

Urine 
Feces 
Gut contents 
Gut tissue 
Tail 
Liver 
Kidney 
L u g  
Spleen 
Brain 
Muscle (d) 
Skin (e) 
Fat (0 
Blood (g) 
Plasma (h) 

(b) 0.129f 0.007 
70.0 f 2.5 
4.21 f 1.71 
0.853k 0.127 
9.50 f 0.89 
4.27 f 1.05 
0.697 f 0.073 
0.361 f 0.030 
0.027f 0.004 
0.047f 0.003 

7.25 k 0.76 
2.99 f 1.94 
0.732k 0.053 
0.589k 0.068 

12.9 f 1.1 

(c) -- 

_- 
15.1 f 3.9 
13.7 f 1.4 
13.3 f 1.4 
1.78 f 0.42 
0.69 f 0.04 
4.32 f 0.68 
7.53 f 0.41 
7.33 f 5.!15 
1.36 f 0.17 
1.97 f 0.85 

(a) 72 hours after intravenous injection 
(b) The numbers are the means f standard deviation for three rata. 
(c) Not calculated 
(d) Considered to be 50% of body weight 
(e) Considered to be 16% of body weight 
(0 Considered to be 7% of body weight 
(g) Considered to be 9% ofbody weight 
(h) Considered to be 5% of body weight 

TABLE 07. RECOVERY OF DECABROMODIPHENYL OXIDE AND METABOLITES FROM FECES OF 
F344/N RATS ADMININISTERED DECABROMODIPHENYL OXIDE BY INTRAVENOIJS INJECTION 

Retention Time (a) 
Collection Metabolites Decabromodiphenyl Oxide 

Time Extract  3-6 min 8-12 min 12-17 min 17-25 min 

(b) 0-48 Benzene 4.9 f 1.6 0.5 f 0.1 2.1 f 0.6 
(c) THF (c) 19.7 k 4.2 1.7 k 0.5 2.5 k 0.9 

28.5 i 8.2 
8.0 f 2.4 

Total 24.6 2.2 4.6 36.51 

(b) 48-72 Benzene 10.4 6.9 7 .O 
THF 18.7 4.3 2.5 

36.31 
4.1 

Total 29.1 11.2 9.5 40.4 

(a) From HPLC analysis 
(b) The 0-48 hour fecal collections for the three rata were assayed separately. The 48-72 hour fecal col!lections were combined 
before assay. 
(c) The numbers are the means k standard deviation of the percent of radioactivity in the samples for three rats. 
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The points represent the means and the vertical bars, the standard deviations. For one poimt, the standard 
deviation was too small to be displayed. 

FIGURE 16. BILIARY EXCRETION OF RADIOACTIVITY IN E'344/N RATS 
ADMINISTERED DECABROMODIPHENYL OXIDE BY INTRAVENOUS INJECTION 
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APPENDIX P. DATA AUDIT SUMMARY 

An audit was conducted on the archival data and pathology materials for the tclxicology and car- 
cinogenesis studies of decabromodiphenyl oxide in rats and mice. This study was performed a t  Hazle- 
ton Laboratories America, Vienna, Virginia, under a subcontract with Tracor Jitco, Inc., from the 
National Cancer Institute. The studies were conducted from July 1980 to July 1982 for mice and from 
September 1980 to September 1982 for rats and was initiated before the requirement of compliance to 
Good Laboratory Practice standards by NTP in October 1980. The audit was conducted at Dynamac 
Corporation and a t  the NTP Archives in Research Triangle Park, North Carolina. The audit involved 
the following Dynamac personnel: L. Keifer, Ph.D.; J .  Konz, M.S.P.H.; R. Schueler, D.V.M.; M. 
Perrault, B.S.; C. Sexsmith, B.S.; and Eva Zurek. An additional participant was C. Veigle (Pathology 
Associates, Inc.). 

The full audit report has been reviewed and approved by NTP personnel and is on File a t  the National 
Institute of Environmental Sciences, Research Triangle Park, North Carolina. The audit consisted of 
an indepth review of the data and pathology materials collected during the conduct of these studies as 
well as review of the correspondence. For the inlife toxicology data, this review involved examination 
of 100% of the records on animal receipt and husbandry, mortality, environmental conditions, and 
dosing and examination of body weight and clinical observation data for 10% of the animals. In the 
review of the chemistry data, all of the available records associated with initial analysis and stability 
testing by Midwest Research Institute were examined. Records pertaining to bulk chemical analysis 
and diet preparation and analysis by the study laboratory were examined. The audit of the pathology 
materials included review of 100% of the Individual Animal Data Records (IADR’s) for gross obser- 
vation to microscopic diagnosis correlation and clerical errors, examination of the wet tissues of 10% 
of the animals for unidentified lesions, correct animal identification, correlation of slides and tissue 
blocks for all control and high dose groups, and verification of the reported pathology on a 10% sample 
of the animals. 

Review of the toxicologic data found no problems that affected interpretation of thle study. Tempera- 
ture and humidity readings outside the range specified in the protocol were recorded frequently 
during several months of the study. No relationship was found between the periods of poor environ- 
mental control and mortality. A review of the available chemistry data found no discrepancies. 

Although several discrepancies were noted between gross observation and microscopic diagnosis 
records, these were adequately resolved by subsequent examination of wet tissues and slides. 

Overall, the items identified during the audit did not substantially reduce confidence in the data re- 
ported. Some problems and discrepancies were identified and discussed in the audit report; most of 
these were adequately resolved. 
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