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1$-EPOXYBUTANE 

CAS NO.106-88-7 

C4H80 Molecular weight 72.1 

Synonyms: 1-butene oxide; 1,a-butene oxide; butylene oxide; 1,Zbutylene oxide; 
ethyl ethylene oxide; ethyl oxirane 

ABSTRACT 

l,&Epoxybutane was selected for study because it is a short-chain epoxide that had been shown to be 
mutagenic and because no carcinogenicity data were available. Approximately 8 million pounds of 
1,Zepoxybutane are produced annually in the United States. The chemical is used primarily as a sta-
bilizer in chlorinated hydrocarbon solvents. 

Single-Exposure, Fourteen-Day, and Thirteen- Week Studies: Single-exposure, 14-day, 13-week, and 
%year studies were conducted in F344/N rats and B6C3F1 mice. The chemical was greater than 99% 
pure and was administered as a vapor by the inhalation route to mimic worker exposure; room air 
was used as the control exposure during these studies. Exposures were 6 hours per day (5 days per 
week), except in the single-exposure studies (4 hours). Additional studies were performed to evaluate 
the potential for genetic damage in bacteria and in mammalian cells. I:n the single-exposure studies, 
the chemical was administered a t  exposure concentrations of 400-6,550 ppm in rats and 400-2,050 
ppm in mice. In the 14-day studies, rats and mice were exposed at 400-16,400 ppm, and in the 13-week 
studies, rats and mice were exposed at  50-800 ppm. 

All rats in the single-exposure studies a t  6,550 ppm died; compound-related deaths were not seen in 
other dosed groups. All mice at  2,050 ppm and 4/5 mice of each sex ,at 1,420 ppm died; compound- 
related mortality was not seen in other dosed groups. 

In the 14-day studies, all rats a t  3,200 and 6,400 ppm and 2/5 female rats a t  1,600 ppm died; all mice 
at 1,600, 3,200, and 6,400 ppm and 1/5 male mice at  800 ppm died. Final mean body weights of sur- 
viving rats exposed at 800 or 1,600 ppm were 12%-33%lower than those of the controls; final mean 
body weights of surviving mice at 800 ppm were 10%-12% lower than those of the controls. Com-
pound-related lesions included pulmonary hemorrhage and rhinitis in rats a t  1,600 ppm and nephro- 
sis in mice at  8QOand 1,600 ppm. 

In the 13-week studies, no compound-related mortality was observed in rats; all mice exposed a t  800 
ppm died. No compound-related clinical signs were seen in rats or in surviving mice. The final mean 
body weight of rats exposed at 800 ppm was 23% lower than that of controls for males and 16% lower 
for females. Final body weights of surviving mice were unaffected by exposure. Inflammation of the 
nasal turbinates was seen in rats a t  800 ppm but not a t  lower exposure concentrations. Renal tubular 
necrosis was seen in mice at  800ppm but not a t  lower concentrations. Inflammation of the nasal tur- 
binates was observed in female mice at  100,200,400, and 800 ppm and in male mice at  200,400, and 
800 ppm. The highest exposure concentration selected for the %year studies in rats was 400 ppm be-
cause of body weight effects and nasal lesions observed a t  800 ppm. The highest concentration se- 
lected for the 2-year studies in mice was 100 ppm because the nasal lesions seen a t  200 and 400 ppm 
were considered to be potentially life threatening. 
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Two-year Studies: The 2-year toxicology and carcinogenesis studies of 1,2-epoxybutane were con- 
ducted by exposing groups of 50 animals per species and sex to the chemical by inhalation, 6 hours per 
day 5 days per week. Rats were exposed at  concentrations of 0, 200, or 400 ppm for 103 weeks and 
mice at 0,50, or 100 ppm for 102 weeks. 

Body Weight and Survival in the Two-year Studies: The survival of all groups of dosed rats was a t  
least 50% until week 98, but final survival was reduced in the dosed groups (final survival--male: 
control, 30150; low dose, 18/50; high dose, 23/50; female: 32/50; 21/50; 22/50). Mean body weights of 
control and exposed male rats were similar until week 86; thereafter, mean body weights of high dose 
male rats were 4%-8% lower than those of controls. Mean body weights of high dose female rats were 
5%-10% lower than those of controls after week 22. 

Survival in male mice was comparable among groups (final survival: 41/50; 45/50; 33/50). Survival 
in female mice was greater than 50% in all groups a t  week 86 and then was reduced in high dose fe- 
males toward the end of the study (final survival: 29/50; 25/50; 9/50). This decreased survival was as- 
sociated with suppurative inflammation of the ovary and uterus. Klebsiella oxytoca was isolated from 
these ovariaduterine lesions. Mean body weights of high dose male mice were 10%-14% lower than 
those of the controls after week 69; mean body weights of low dose male mice were 4%-8% lower than 
those of the controls after week 86. Mean body weights of high dose female mice were 13%-23% lower 
than those of the controls after week 60, and mean body weights of low dose female mice were 12%- 
16% lower than those of the controls after week 73. 

Nonneoplastic and Neoplastic Effects in the Two-year Studies: Dosed rats had nonneoplastic lesions 
of the nasal cavity including inflammation, epithelial hyperplasia, squamous metaplasia, hyperos- 
tosis of the nasal turbinate bone, and atrophy of the olfactory epithelium. Seven papillary adenomas 
of the nasal cavity were seen in high dose male rats and two in high dose female rats. The historical 
incidences of nasal cavity adenomas in untreated male and untreated female F344/N rats are less 
than 0.1%. The incidences of alveolarhronchiolar carcinomas (0150; 1/50; 4/49) and adenomas or car- 
cinomas (combined) (0150; 2/50; 5/49) were increased in high dose male rats; no increased incidences of 
these tumors were observed in dosed female rats. 

Dosed mice had increased incidences of nonneoplastic lesions of the nasal cavity but no significant in- 
crease in the incidence of neoplastic lesions of the nasal cavity. The nonneoplastic lesions included 
suppurative inflammation (empyema), epithelial hyperplasia, erosion, regeneration, and squamous 
metaplasia in the nasal cavity; atrophy of the olfactory sensory epithelium; hyperplasia of the nasal 
gland (Bowman’s glands); and inflammation and hyperplasia of the nasolacrimal duct. A single squa- 
mous cell papilloma was seen in the incisive duct of one high dose male mouse. 

Genetic Toxicology: 1,8-Epoxybutane was mutagenic in Salmonella typhimurium strains TA100 and 
TA1535 when tested with a preincubation protocol with and without rat liver S9, indicating that it is 
a direct-acting mutagen capable of inducing base-pair substitutions in prokaryotes; it did not cause 
gene reversion in strains TA1537 or TA98. 1,2-Epoxybutane induced forward mutations at  the TK 
locus of cultured mouse L5178Y lymphoma cells with and without metabolic activation. Both chro- 
mosomal aberrations and sister chromatid exchanges were induced in cultured Chinese hamster 
ovary cells after exposure to 1,2-epoxybutane in the presence and absence of metabolic activation. 
1,2-Epoxybutane, when fed to male Drosophila, caused significant increases in the number of sex- 
linked recessive lethal mutations and reciprocal translocations in the germ cells. 

Data Audit: An audit of the experimental data was conducted for the 2-year studies of 1,2-epoxy- 
butane. No data discrepancies were found that influenced the final interpretations. 
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Conclusions: Under the conditions of these 2-year inhalation studies, there was clear evidence of car-
cinogenic activity* of 1,2-epoxybutane for male F344/N rats, as shown by an  increased incidence of 
papillary adenomas of the nasal cavity, alveolarhronchiolar carcinomas, and alveolarhronchiolar 
adenomas or carcinomas (combined). There was equivocal evidertce of carcinogenic activity for female 
F344/N rats, as shown by the presence of papillary adenomas of the nasal cavity. There was no evi- 
dence of carcinogenic activity for male or female B6C3F1 mice exposed at  50 or 100 ppm. 1,a-Epoxy- 
butane exposure was associated with adenomatous hyperplasia and inflammatory lesions of the nasal 
cavity in rats and inflammatory lesions of the nasal cavity in mice. 

SUMMARY OF THE TWO-YEAR FEED AND GENETIC TOXICOLOGY STUDIES OF 192-EPOXYBUTANE 

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

Exposure concentrations 

0,200, or 400 ppm 1,2-epoxy- 0,200,or 400 ppm 1,2-epoxy- 0,50, or 100 ppm 1,2-epoxy- 0,50, or 100 ppm l,2-epoxy- 

butane,6 Wd, 5dtwk butane, 6 Wd, 5d/wk butane, 6 Wd, 5d/wk butane, 6 Wd, 5d/wk 


Body weights in the 2-year study 

Slightly reduced in exposed Slightly reduced in exposed Reduced in exposed groups Reduced in exposed groups 

groups groups 


Survival rates in the 2-year study 

30150; 18/50; 23/60 32/50; 21/50; 22/50 41/50; 45/50; 33/50 29/50; 25/50; 9/50 


Nonneoplastic effects 

Nasal cavity lesions Nasal cavity lesions Nasal cavity lesions Nasal cavity lesions 


Neoplastic effects 

Papillary adenomas of the Papillary adenomas of the None None 

nasal cavity (0/50;0/50; 7/50), nasal cavity (0/50;0/50; 2/50) 

alveolar bronchiolar/ 

neoplasms (0/50; 2/50; 5/49) 


Level of evidence of carcinogenic activity 

Clear evidence Equivocal evidence No evidence No evidence 


Genetic toxicology 


Drosophila
Salmonella Mouse L5178YmK +'- CHO cells in vitro Sex-linked Reciprocal

(gene mutation) (a) (gene mutation) (a) SCE (a) Aberration (a) rec. lethals translocation 
Positive in strains TA100, TA1535; Positive Positive Positive Positive Positive 
negative instrains TA98, TA1537 

~ ~ ~ ~ ~-

(a)With and without S9 liver enzyme fraction used for exogenous metabolic activation. 

'Explanation of Levels of Evidence of Carcinogenic Activity is on page 6. 

A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 10-11. 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

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

Negative results, in which the study animals do not have a greater incidence of neoplasia than control animals, do not necessarily mean 
that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of conditions. Positive results dem- 
onstrate that a chemical i s carcinogenic for laboratory animals under the conditions of the study and indicate that exposure to the chemical 
has the potential for hazard to humans. 
The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evi- 
dence for conclusions regarding each study. Other organizations, such as the International Agency for Research on Cancer, assign a 
strength of evidence for conclusions based on an examination of all available evidence including: animal studies such as those conducted by 
the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be 
carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview ofthese studies. 
Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence ob- 
served in each experiment: two categories for positive results (“Clear Evidence” and “Some Evidence“); one category for uncertain findings 
(“Equivocal Evidence”); one category for no observable effects (“No Evidence”); and one category for experiments that because of major flaws 
cannot be evaluated (“Inadequate Study”). These categories of interpretative conclusions were first adopted in June 1983and then revised 
in March 1986 for use in the Technical Reports series to incorporate more specifically the concept of actual weight of evidence of 
carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice), one of the following quintet is selected 
to describe the findings. These categories refer to the strength ofthe experimental evidence and not to either potency or mechanism. 

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

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

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

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

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

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

The adequacy ofthe experimental design and conduct; 

0 Occurrence of common versus uncommon neoplasia; 

0 Progression (or lack thereon from benign to malignant neoplasia as well as from preneoplastic lesions; 

0 Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it  is impossible 


to identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that be- 
nign neoplasms of those types have the potential to become malignant; 
Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same organ or tissue; 
Latency in tumor induction; 


0 Multiplicity in site-specific neoplasia; 

0 Metastases; 


Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in 
another sex or species); 


0 The presence or absence ofdose relationships; 

0 The statistical significance ofthe observed tumor increase; 

0 The concurrent control tumor incidence aswell asthe historical control rate and variability for a specific neoplasm; 

0 Survival-adjusted analyses and false positive or false negative concerns; 


Structure-activity correlations; and 

0 Insome cases, genetic toxicology. 


These considerations together with the definitions as written should be used as composite guidelines for selecting one of the five Categories. 
Additionally, the following concepts (as patterned from the International Agency for Research on Cancer Monographs) have been adopted 
by the NTP to give further clarification of these issues: 

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

ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 


1.2-EPOXYBUTANE 


On August 19, 1986, the draft Technical Report on the toxicology and carcinogenesis studies of 1,2-
epoxybutane received peer review by the National Toxicology Program Board of Scientific Coun- 
selors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting 
was held a t  the National Institute of Environmental Health Sciences, Research Triangle Park, North 
Carolina. 

Dr. J. Dunnick, NTP, introduced the studies by reviewing the experimental design, results, and pro- 
posed conclusions (clear evidence of carcinogenic activity for male rats; some evidence of carcinogenic 
activity for female rats; no evidence of carcinogenic activity for male or female mice). Dr. Dunnick 
pointed out that the conclusion for female rats in the draft report, equivocal evidence of carcinogenic 
activity, had been changed during final staff review based on the rarity of the papillary adenomas of 
the nasal cavity; this change was supported by increases in the same lesions in male rats and in pre- 
vious NTP studies of propylene oxide. 

Dr. Popp, a principal reviewer, agreed with the conclusions for male rats and male and female mice 
while questioning the new conclusion for female rats. He asked whether the conclusion in male rats 
was based on benign or malignant lung tumors or on a combination of the two. Dr. Dunnick replied 
that it was based on both carcinomas and combined adenomas or carcinomas. Dr. Popp commented 
that there should be mention in the text of the significance of the respiratory tract viruses identified 
by serology. Dr. Dunnick said that there were no lesions to indicate an  active infection. 

As a second principal reviewer, Dr. Perera agreed with the conclusions as presented, endorsing the 
chemical relatedness of the papillary adenomas of the nasal cavity in high dose female rats. Since 2-
year studies with 1,3-butadiene and ethylene oxide were conducted in the same animal room, she 
asked for inclusion of a statement that the room air was not contaminated by these chemicals. [See 
page 60.1 

As a third principal reviewer, Dr. Sivak agreed with the conclusions for male rats and male and fe- 
male mice but thought the observation of two nasal cavity adenomas in high dose female rats was not 
enough to justify some evidence. Dr. S. Eustis, NIEHS, elaborated on the staff decision for the 
stronger level. Besides the rarity of the tumors and their occurrence in male rats, the occurrence of 
adenomatous hyperplasia, believed by some to be preneoplastic lesions, provided additional evidence. 

Further discussion focused on the strength of the evidence for male rats. Dr. Purchase contended that 
the zero incidence of lung tumors in controls was low contrasted with the six tumors (6/249) observed 
in chamber controls in previous studies a t  the same laboratory. Considering the difficulty of distin-
guishing among pulmonary hyperplasia, adenomas, and carcinomas, he believed some evidence of 
carcinogenic activity was more appropriate. Dr. Paul Cammer, representing the Halogenated Sol- 
vents Industry Alliance, made a brief presentation supporting a lower level of evidence. Dr. Eustis 
responded that the progressive nature of the pulmonary tumor process and the consistency of diag-
noses introduced through the NTP pathology quality assurance process eliminated inconsistent diag- 
noses. Dr. J. Huff, NIEHS, added that Program pathologists have no difficulty in differentiating 
among hyperplasia, benign tumors, and malignant tumors. Dr. J. Haseman, NIEHS, said that the 
statistical significance of the increased incidence of lung neoplasms in high dose male rats (5/49) 
would have been similar had the comparison been based on the historical control rate at the study 
laboratory (6/249) rather than on the observed tumor incidence in the concurrent controls (0/50). Dr. 
Hooper expressed concern about the identity of the reported 1%impurity in the study chemical. Dr. 
Dunnick said that more recent analyses indicated a purity of 99.9% or greater. 
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Dr. Popp moved that the Technical Report on 1,Zepoxybutane be accepted with the conclusions as 
originally written, clear evidence of carcinogenic activity for male rats, equivocal evidence of carcino- 
genic activity for female rats, and no evidence of carcinogenic activity for male and female mice. Dr. 
Sivak seconded the motion. Dr. Perera offered an  amendment to the motion that the staffs modifica- 
tion to some evidence of carcinogenic activity for female rats be accepted. Dr. Hooper seconded the 
amendment, which was defeated by six votes to three (Dr. Hooper, Dr. Mirer, and Dr. Perera), with 
one abstention (Dr. Purchase). The original motion was then approved by seven votes to two (Dr. 
Hooper and Dr. Perera), with one abstention (Dr.Purchase). 
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I. INTRODUCTION 


1,2-EPOXYBUTANE 

CAS NO. 106-88-7 

C4H8O Molecular weight 72.1 

Synonyms: 1-butene oxide; 1,2-butene oxide; butylene oxide; 1,2-butylene oxide; 
ethyl ethylene oxide; ethyl oxirane 

Production, Use, and Exposure 

1,2-Epoxybutane is used as a stabilizer in chlori- 
nated hydrocarbon solvents (e.g., l,l,l-trichloro- 
ethane, trichloroethylene, and dichlorometh- 
ane); more than 75% of the compound produced 
is used for this purpose. Other uses include pro- 
duction of butylene glycol, butanolamines, and 
surface active agents (Hine et al., 1981; Fed. 
Regist., 1984). 1,2-Epoxybutane is a highly 
flammable and reactive chemical (Table 1). In 
1978, production in the United States was esti- 
mated a t  8 million pounds per year. Approxi-
mately 50,000 people are exposed annually to 
1,2-epoxybutane (Fed. Regist., 1984). There are 
no National Institute for Occupational Safety 
and Health (NIOSH) administrative standards 
or standards from the American Conference of 
Government Industrial Hygienists. Manu-
facturers have established a n  8-hour time- 
weighted-average (TWA) limit in the workplace 
of 40 ppm (Fed. Regist., 1984). The U.S.En-
vironmental Protection Agency estimates that 
the atmospheric half-life for the oxidation of 1,2- 
epoxybutane  is a p p r o x i m a t e l y  6 d a y s ;  

1,2-epoxybutane could also undergo atmospheric 
hydrolysis. 

Studies in Animals 

The oral LD50 in male Wistar rats is 1,170 
mg/kg; the dermal LD50 in New Zealand rabbits 
is 1,740 mg/kg. A 4-hour inhalation study in 
Wistar rats showed an LCloo of 8,000 ppm (6/6 
dead) and a lowest lethal concentration of 4,000 
ppm (116 dead) (Smyth et al., 1962; Weil et al., 
1963). Rats, guinea pigs, and rabbits are re- 
ported to tolerate a 7-hour exposure to epoxybu- 
tane at  a concentration of 400 ppm (Hine et al., 
1981). Epoxybutane (10% in acetone) applied 
three times per week for 540 days to the clipped 
skin of ICWHa Swiss mice did not have a toxic 
effect (Van Duuren et al., 1967). 

Two-week and 13-week inhalation studies of 1,2- 
epoxybutane in male and female F344 rats and 
B6C3F1 mice were reported by Miller e t  al. 
(1981). In the 2-week studies, ra ts  and mice 
were exposed to 1,2-epoxybutane at concentra-
tions of 0, 400, 800,or 1,600ppm, 6 hours per 

TABLE 1. PHYSICAL PROPERTIES OF 1.2-EPOXYBUTANE (a) 

Physical description 
Specific gravity a t  25°C 
Freezing point 
Boiling point (760mm Hg) 
Refractive index a t  25" C 
Density of saturated air (air = 1) 
Vapor density (mm Hg) 
Solubility a t  25" C (g/lOO g HtO) 
Solubility in common solvents 
Flash point (closed cup) 
Flammability limits (at 25"C and 760 mm Hg) 

(a)Hine et  al., 1981;NIOSH, 1982a,b 

Water-white liquid 
0.826 
Below -60°C 
62.0"-64.5" C 
1.381 
-0.977 
176 
-8.24 
Miscible with common aliphatic and aromatic solvents 
-15°F 

-1 ppm (2.94 mg/mJ)to 340 ppm (1.00 g/m3) 
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day, 5 days per week for a total of 9 exposure 
days. Exposure at 1,600 ppm was fatal to mice; 
all rats survived. Decreased body weight gain 
was seen at 800 and 1,600 ppm in rats and mice. 
In the 13-week studies, animals were exposed a t  
0,75, 150, or 600 ppm, 6 hours per day, 5 days 
per week for 13 weeks. Histologic examination 
revealed compound-related lesions in the nasal 
mucosa (focal thickening and flattening of the 
respiratory epithelium and inflammatory cells 
in the nasal mucosa) of rats and mice exposed at 
600 ppm, whereas none was found a t  75 or 150 
ppm. Body weight gain was lower at 600 ppm in 
female rats and in male and female mice; survi- 
val of dosed groups was comparable to that of 
controls. No data on long-term toxicity have 
been reported. 

Teratogenicity a n d  Reproduction Studies 

Sikov et al ,  (1980) reported a teratogenicity 
study in Wistar rats and New Zealand white 
rabbits. Female rats were exposed by inhalation 
to epoxybutane 7 hours per day, 5 days per week 
for 3 weeks prior to mating, and from day 0 to 19 
of gestation a t  0, 250, or 1,000 ppm. Animals 
were evaluated at  gestation day 21. The only 
maternal toxicity observed in the high dose 
group was a slight decrease in body weight rela- 
tive to that of the controls; no teratogenic effects 
were seen in any exposed group. Artificially in- 
seminated rabbits were exposed to epoxybutane 
at  0,250, or 1,000 ppm 7 hours per day from ges- 
tation day 0 to 24; animals were examined at 
gestation day 30. Some maternal deaths oc-
curred at  both exposure concentrations, but no 
teratogenic effects were seen. The pregnancy 
rate was reduced in the high dose group. 

Reproductive studies have not been reported, al- 
though Miller et al. (1981) noted no histopath- 
ologic abnormalities in the reproductive organs 
of male and female F344 rats or B6C3F1 mice ex- 
posed to 1,2-epoxybutane a t  600 ppm for 13 
weeks. 

Metabolism 

The metabolism of 1,2-epoxybutane has not been 
studied extensively. Jones (1975)suggested that 
epoxides are detoxified in vivo by conjugation 
with glutathione. In one study in which 1,2- 

epoxybutane was administered as a single dose 
to rats (1.9 mmolkg), 11% of the original dose 
was excreted in  the urine as 2-hydroxybutyl 
mercapturic acid (James et al., 1968). 

Genetic Toxicology 

There are extensive data in the literature on the 
mutagenicity of 1,Zepoxybutane. In general, 
the compound exhibited mutagenic activity 
across a wide spectrum of species ranging from 
bacteria to mammals. 1,2-Epoxybutane induced 
gene mutations in Klebsiella pneumoniae in the 
absence of metabolic activation (Voogd et  al.,  
1981; Knaap et al., 1982) and exhibited strain- 
specific mutagenic activity that was sometimes 
dependent on S9 metabolic activation in tests 
with Escherichia coli (McMahon et  al.,  1979; 
McCarroll et al., 1981; De Flora et al., 1984). In 
tests with Salmonella typhimurium, 1,Zepoxy-
butane induced gene reversion, usually at doses 
above 500 pg/plate, in strains TAlOO, TA100- 
FR1, TA1535, and TA1530, all of which indicate 
base-pair substitutions (McCann and Ames, 
1976; Rosenkranz and Speck, 1975, 1976; Chen 
e t  a l . ,  1975; Speck and Rosenkranz, 1976; 
Henschler et al., 1977; Wade et al . ,  1978; De 
Flora, 1979; Weinstein et al., 1981) but not in 
strains TA1536, TA1537, TA1538, TA98, C3076, 
or D3052, which are used to detect frame-shift 
mutations (Rosenkranz and Poir ier ,  1979; 
Simmon, 1979a; McMahon et al., 1979; Katz et 
al., 1980; De Flora, 1981; De Flora et al., 1984). 
Similarly, the NTP found 1,2-epoxybutane a t  
doses of 1,000 pg and above to be mutagenic in S. 
typhimurium strains TAlOO and TA1535 with a 
preincubation protocol with and without S9 from 
the livers of Aroclor 1254-induced male Sprague 
Dawley rats and male Syrian hamsters; the com- 
pound did not cause gene reversion in strains 
TA1537 and TA98 (Canter et al., 1986; Appen- 
dix E, Table El ) .  

1,2-Epoxybutane produced a dose-related in- 
crease in gene mutations in Neurospora crassa 
(Kolmark and Giles, 1955) and in Schizosac-
churomycespombe (Migliore et al., 1982; Rossi et 
al., 19831, as well as an increase in the frequency 
of mitotic recombination in Saccharomyces cere- 
visiae (Simmon, 1979b)with and without S9. 
Conflicting results have been reported in the 
Drosophila sex-linked recessive lethal assays 
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which are probably related to differences in dose 
or route of administration. McGregor (1981) re- 
ported no increase in sex-linked recessive lethal 
mutations following inhalation of 1,2-epoxy- 
butane at  1,000 ppm over a period of 7 hours, 
whereas induction of sex-linked recessive lethal 
mutations was observed by Knaap et al. (1982) 
following an  injection of 117-233 mM solutions 
of the chemical. NTP studies showed that 1,2- 
epoxybutane fed for 72 hours to male Drosophila 
at doses of 50,000 or 60,000 ppm caused signifi- 
cant increases in the number of sex-linked reces- 
sive lethal mutations and reciprocal transloca- 
tions in the germ cells (Yoon et al., 1985; Tables 
E5 and E6). 

The results of assays in mouse L5178Y lympho- 
ma cells in the absence of exogenous metabolic 
activation were positive for induction of gene 
mutations (Amacher et al., 1980; Knaap et al., 
1982). The results of NTP-sponsored mouse lym- 
phoma assays, both in the presence and absence 
of Aroclor 1254-induced F344 rat liver S9, con- 
firmed the mutagenicity of 1,2-epoxybutane in 
these L5178Y cells (Table E2). In Chinese ham- 
ster ovary cells, 1,2-epoxybutane produced a 
strong, dose-related increase in the number of 
sister chromatid exchanges (SCEs) in the pres- 
ence and absence of Aroclor 1254-induced male 
Sprague Dawley rat  liver S9, as  well a s  a n  
increase in the frequency of chromosomal 

aberrations (Tables E3 and E4). Because the 
increase in chromosomal aberrations in the ab- 
sence of S9 activation, although significant, oc-
curred a t  doses that were severely toxic to the 
cells and resulted in poor chromosomal morphol- 
ogy, the overall results of the assay were judged 
to be “weakly positive.” Treatment of human 
fibroblast cell cultures with up to 84 pg/ml 1,2- 
epoxybutane in the presence of S9 did not induce 
unscheduled DNA synthesis (UDS) (McGregor, 
1981); neither was UDS induced after exposure 
of rat hepatocyte cultures to 1,2-epoxybutane at 
10 mg/ml in the absence of S9 (Williams et  al., 
1982). In vivo mammalian tests for genotoxicity 
were also negative. No sperm abnormalities 
were induced in male mice after inhalation ex- 
posure at up to 1,000 ppm 1,Zepoxybutane for 7 
hours per day for 5 consecutive days, and no 
dominant lethal mutations were observed in rats 
after similar exposures (McGregor, 1981). 

Study Rationale 

1,2-Epoxybutane was selected for toxicology and 
carcinogenesis studies because it was represen- 
tative of the short-chain epoxides and had a rela-
tively high volume of production and because no 
carcinogenicity data were available for this  
chemical. The inhalation route was selected to 
mimic the potential human exposure in  the 
workplace. 

1,2-Epoxybutane,NTP TR 329 16 
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II. MATERIALS AND METHODS 


PROCUREMENT AND 
CHARACTERIZATION OF 
1,2-EPOXYBUTANE 

1,2-Epoxybutane was obtained in two lots from 
Dow Chemical Company (Richmond, Virginia) 
(Table 2). Purity and identity analyses of the 
bulk chemical were conducted a t  Midwest Re- 
search Institute (MRI) (Kansas City, Missouri). 
(MRI reports on the analyses performed in sup- 
port of the epoxybutane studies a re  on file a t  
NIEHS.) Both lots of study material were a 
clear, colorless liquid with a boiling point of 
63"C. Each lot was identified as 1,2-epoxybu-
tane by infrared, ultraviolet/visible ,and nuclear 
magnetic resonance spectroscopy. Infrared and 
nuclear magnetic resonance spectra were consis- 
tent with the structure and with literature spec- 
tra. (See Figures 1through 4 for representative 
spectra.) The ultraviolet/visible spectrum was 
consistent with the structure of lJ2-epoxybu- 
tane; no absorbance was found in the visible 
region. 

Purity of both lots used in the study was deter- 
mined by elemental analysis, Karl Fischer wa- 
ter analysis, titration of the epoxide group by hy- 
drogen iodide generated in situ from tetrabutyl- 
ammonium iodide with perchloric acid, and gas 
chromatography. Gas chromatographic analysis 
was performed with flame ionization detection 
and either a Carbopack C/O.l% SP1000,80/100, 
1.8m X 4 mm ID glass column (system 1)or a 
Tenax-GC,60/80,1.8m X 4 mm ID glass column 
(system 2). 

Cumulative data indicated a purity of greater 
than 99% for both lots used in these studies. Re- 
sults of elemental analysis of both lots were con- 
sistent with theoretical values. Water content 
by Karl Fischer titration ranged from 0.016%to 
0.03%. Nonaqueous titration of the epoxide 
group gave a puri ty  of 92.4% for lot  no. 
MM10258 and 96.5% for lot no. RR810402. 
These titration values are considered to be inac- 
curate due to the inherent difficulties in this 
type of titration analysis. Gas chromatographic 
analyses of both lots by the two systems listed 
above detected a single homogeneous major peak 
and no impurities with peak areas greater than 
0.1% of that of the major peak in either lot. A 
retrospective analysis of both lots by gas chro- 
matographylmass spectroscopy indicated a puri-
ty of greater than 99% and only one impurity 
(identified as  lJ2-butanediol and found to be 
present a t  less than 0.2%) in each lot. 

Stability studies of the bulk chemical were run 
for 2 weeks a t  -20" to 60°C. Analysis by gas 
chromatography with system 1 indicated that 
lJ2-epoxybutane was stable as a bulk chemical 
when kept for 2 weeks at  temperatures up to 
60°C. Further confirmation of the stability of 
the bulk chemical (stored at room temperature) 
during the toxicology and carcinogenesis studies 
was obtained by periodic gas chromatographic 
analysis with a Porapak QS, 2.3 m X 2 mm ID 
glass column. No degradation was seen over the 
course of the studies. The identity of the chem- 
ical at the study laboratory was confirmed by in- 
frared spectroscopy. 

TABLE 2. IDENTITY AND SOURCE OF LOTS USED IN THE INHALATION STUDIES OF 
19-EPOXYBUTANE 

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

Lot Numbers 
MM10258 Same as single- 

exposure studies 
Same as single- 
exposure studies 

MM10258; RR810402 

Date of Initial Use 
1/31/80 9/30/80 Lot no. MM10258,11/25/81; 

lot no. RR810402,5114/82 

Supplier
Dow Chemical Co. 
(Richmond, Virginia) 

Same as single- 
exposure studies 

Same as single- 
exposure studies 

Same as single- 
exposure studies 
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II. MATERIALS AND METHODS 


GENERATION AND MEASUREMENT 
OF CHAMBER CONCENTRATIONS 

Vapor Generation System 

The liquid to be vaporized was contained in a 
1.6-liter stainless steel reservoir housed in a va-
por hood in the exposure room (Figure 5) .  The 
liquid was pumped from this reservoir to a stain-
less steel cylinder covered with a glass fiber wick 
from which the liquid was vaporized (Decker et 
al., 1982) (Figure 6). An 80-watt heater and a 
temperature-sensing element were incorporated 
within the cylinder. The heater maintained the 
vaporizer a t  approximately 58" C. The surface 
temperature of the vaporizer was slightly lower. 
To minimize material loss due to condensation 
on duct walls, each cylindrical vaporizer was po- 
sitioned in the fresh air duct leading directly 
into the exposure chamber. 

Vapor Concentration Monitoring 

Two online methods were used during the course 
of t h e  2-year  s t u d i e s  t o  m o n i t o r  t h e  

concentration of 1,2-epoxybutane in the cham- 
bers. A schematic diagram of the monitoring 
system is shown in Figure 7. Initially, a photo-
ionization detector (model PI201, HNU Systems, 
Inc., Newton, Massachusetts) was used. On May 
21, 1982, the photoionization detector was re- 
placed by a gas chromatograph (HP-5710 or HP-
5840) equipped with a flame ionization detector, 
a nickel column packed with 1% SPlOOO on 
Carbopack B, and an automatic sampling valve. 
All exposure chambers and the room air were 
sampled approximately twice during each expo- 
sure hour. Starting December 22, 1981, a stan-
dard gas, 25 ppm propylene in air, was used to 
establish instrument performance. The calibra- 
tion of the monitoring photoionization detector 
and gas chromatograph was confirmed and cor-
rected as necessary by periodic assay of grab 
samples taken from the chambers and analyzed 
on a second gas chromatograph. Weekly mean 
exposure concentrations for the 2-year studies 
are presented in Figures 8 through 11. A sum-
mary of the chamber concentrations is presented 
in Table 3; Table 4 summarizes the distribution 
of the mean daily concentrations. 

TABLE 3. SUMMARY OF CHAMBER CONCENTRATIONS IN THE TWO-YEAR INHALATION STUDIES 
OF 1.2-EPOXYBUTANE 

Target Concentration Total Number of Readings Mean Concentration (a) 
(ppm) (ppm) 

50 3,255 50 f 5.6 
100 3,315 99.6f 7.9 
200 3,331 197.4f 15.2 
400 3,366 399.0f 42.4 

~ ~~ ~~~ 

(a) Mean f standard deviation 

TABLE 4. DISTRIBUTION OF MEAN DAILY CONCENTRATIONS OF 1,!2-EPOXYBUTANE DURING THE 
TWO-YEAR INHALATION STUDIES 

Range of Concentration Number of Days Mean Within Range 

(percent of target) 50 ppm 100 ppm 200 ppm 400 ppm 


>160 0 0 0 0 
130- 150 13 0 0 
120- 130 1 1 0 1 
110- 120 12 2 4 0 
loo- 110 194 191 186 234 
90- 100 266 285 287 253 
80- 90 12 7 13 5 
70- 80 
50- 0 

4 
0 

1 
0 

2 
3 

1 
1 

<50 0 0 0 0 
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II. MATERIALS AND METHODS 


Vapor Concentration Uniformity in 
Chamber 

Uniformity of vapor concentration in each ex- 
posure chamber was measured with a portable 
photoionization detector periodically throughout 
the studies. The data showed that when ex- 
pressed as a percentage of the normalized aver- 
age concentration of all 12 sampling positions, 
the standard deviation did not exceed 5% for all 
but two measurements. (For those two measure- 
ments, the standard deviation was within lo%.) 

Degradation Study of 1,2-Epoxybutane in 
Chamber 

Samples of the atmosphere in the 1,2-epoxybu- 
tane exposure chamber were examined for the 
occurrence of potential degradation products, 
specifically 1,Zbutandiol. Through the use of a 
HewIett Packard model 5840A gas chromato- 
graph equipped with a flame ionization detector 
and a 6 ft X 4 mm ID glass column packed with 
10% Carbowax 20M on 80/100 Chromosorb 
WAW, a single homogeneous peak was observed; 
no evidence for any degradation was detected. I t  
is concluded from this study that the 1,e-epoxy- 
butane vapor generated during these studies 
was at least 99% pure. 

SINGLE-EXPOSURE STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and observed for 22-23 days before the 
studies began. The animals were 7-9 weeks old 
when placed on study. A high exposure concen- 
tration of 8,000 ppm (target concentration) was 
selected based on an estimate of LCloo of 8,000 
ppm in rats (Weil et al., 1963). Mice were ex- 
posed at  4,000 ppm 1 day earlier than mice a t  
the other exposure concentrations, and because 
all mice died a t  this concentration, mice were 
not included in the 8,000-ppm (target concentra- 
tion) groups. 

Groups of five rats and mice of each sex were ex- 
posed for 4 hours to air containing 1,2-epoxybu- 
tane concentrations of 398, 721, 1,420, 2,050, 
and (for rats only) 6,550 ppm. These concentra- 
tions were lower than the target concentrations 
of 500, 1,000, 2,000, or 4,000 ppm because of a 

malfunctioning detector. Controls were not 
used. Animals were weighed before exposure 
and were observed three times per day through- 
out the 14-day observation period. Necropsies 
were not performed on the animals. Details of 
animal maintenance are presented in Table 5 .  

FOURTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and observed for 27 days before being 
placed on study. The animals were 8-10 weeks 
old when the studies began. 

Groups of five rats and mice of each sex were ex- 
posed to air containing 1,2-epoxybutane at  tar- 
get concentrations of 0,400,800,1,600, 3,200, or 
6,400 ppm for 6 hours per day, 5 days per week 
for 14 days (10 exposures). (Although the results 
of the single-exposure studies suggested the use 
of lower concentrations in the 14-day studies in 
mice, a decision was made to use the same expo- 
sure concentrations for both species, so that all 
animals could be accommodated in the same ex- 
posure chambers.) Rats and mice were observed 
three times daily and were weighed before expo- 
sure, after 1week, and at  necropsy. 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 evalu- 
ate the cumulative toxic effects of repeated expo- 
sure to 1,2-epoxybutane and to determine the 
concentrations to be used in the 2-year studies. 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories, observed for 20-21 days, and assigned 
to groups according to tables of random num- 
bers. Feed was available ad libitum during non- 
exposure periods; water was available a t  all 
times. 

Groups of 10 rats and 10 mice of each sex were 
exposed to air containing 1,2-epoxybutane a t  
target concentrations of 0, 50, 100, 200, 400, or 
800 ppm, 6 hours per day, 5 days per week for 13 
weeks (65 exposures). Further experimental de- 
tails are summarized in Table 5. 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE INHALATION STUDIES 
O F  l$-EPOXYBUTANE 

Single-Exposure Fourteen-Day Thirteen-Week Two-year 

Studies Studies Studies Studies 


EXPERIMENTAL DESIGN 

Size of Study Groups 
5males and 5females of each 5males and 5females of 10males and 10 females of 50 males and 50 females of each 
species each species each species species 

Doses 
Target--500,1,000,2,000, Target--0,400,800, Rats--0,200,or 400 ppm or 0,50,100,200,400, or 800 
4,000 ppm rata and mice 1,600,3,200, or 6,400 ppm 1,2-epoxybutane 1,2-epoxybutane by inhalation; 
or 8,000 ppm (rats only) ppm 1,2-epoxybutane by inhalation mice--0,50, or 100 ppm 
1,2-epoxybutane by inhalation by inhalation 

Date of First Dose 
2/1/80 (1/31/80 for 9/30/80 3/4/81 11/25/81 
4,000-ppm groups) 

Date of Last Dose 
Not applicable 10/13/80 6/1/81 Rats--11/18/83; mice--11/11/83 

Duration of Dosing 
Single 4-h exposure 6 Wd, 5 d/wk for 14 d for 6 h/d, 5 d/wk for 13wk for 6 h/d, 5d/wk for 103 wk (rats) 

10 exposures 65 exposures or 102 wk (mice) 

Type and Frequency of Observation 
Observed throughout expo- Observed 3 X d during Observed 2 X d; weighed Observed 2 X d; weighed 1 X wk 
sure period and 3 X d there- exposure period; weighed on d 1,1 X wk thereafter, for 13 wk and 1 X mo thereafter; 
after for 14 d; weighed before before exposure, after and a t  necropsy clinical exam 1 X mo 
exposure 1wk, and a t  necropsy 

Necropsy and  Histologic Examination 
No necropsy or histologic Necropsy performed on Necropsy performed on all Necropsy and histologic exam 
exam performed all animals; tissues for animals; all controls and the performed on all animals; the 

the following animals two highest dose groups ex- following tissues examined: 
examined histologically: amined histologically. Tis- adrenal glands, brain, clitoral 
rats-1 male at 3,200 ppm, sues examined- adrenal or preputial gland, colon, esoph- 
2 males and 2 females a t  glands, brain, esophagus, agus, gallbladder (mice), gross 
1,600 ppm, 1male a t  800 gallbladder (mice), heart, lesions and tissue masses, heart, 
ppm; mice-2 males a t  kidneys, larynx, liver, lungs kidneys, lungs and mainstem 
1,600 ppm, 2 males and and mainstem bronchi, man- bronchi, mammary gland, man- 
1female a t  800 ppm, dibular and mesenteric dibular lymph nodes, nasal cavity 
1male a t  400 ppm lymph nodes, nasal cavity and nasal turbinates, pancreas, 

and nasal turbinates, pan- parathyroids, pituitary gland, 
creas, parathyroids, pitui- prostate/testedepididymis or 
tary gland, prostate or uter- ovaries/uterus, rectum, regional 
&ovaries, salivary glands, lymph nodes, salivary glands, 
skeletal muscle, skin with skin, small intestine, spleen, 
mammary gland, spleen, sternebrae including marrow, 
sternebrae or femur or verte- stomach, thymus, thyroid gland, 
brae including marrow, stom-trachea, tracheobronchial lymph 
ach, thymus, thyroid gland, nodes, and urinary bladder 
trachea, and urinary bladder 

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

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

Study Laboratory 
Battelle Pacific Battelle Pacific Battelle Pacific Battelle Pacific 
Northwest Laboratories Northwest Laboratories Northwest Laboratories Northwest Laboratories 
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TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE INHALATION STUDIES 
O F  l$-EPOXYBUTANE (Continued) 

Single-Exposure Fourteen-Day Thirteen-Week Two-year 

Studies Studies Studies Studies 


~ ~~~~ ~~ 

AMMALS AND ANIMAL MAINTENANCE 

Method of Animal Identification 

By cage number; no body Ear tags Ear tags Ear tags 

mark identification 


Time Held Before Study 

22-23 d 27 d 20-21 d 21 d 


Age When Placed on  Study 

Rats-7-8 wk; mice-7-9 wk Rats--8-9 wk; mice-9-10 wk Rats-7-8 wk; mice-8-9 wk Same as 13-wk studies 


Age When Killed 

14 d Rats--10-11 wk; Rats-20-21 wk; Rats--112-113 wk; 


mice-11-12 wk mice-21-22 wk mice--112-113 wk 


Necropsy Dates 

Not performed 10114/80 6/3/81-6/5/81 Rats--11/28/83-11/30/83; 


mice-1 1/21/83-11/23/83 


Method of Animal Distribution 

Assigned to groups according Same as single-exposure Same as single-exposure Same assingle-exposure studies 

to tables of random numbers studies studies 


Feed 

NIH 07 Rat and Mouse Ration Same as single-exposure Same as single-exposure Same as single-exposure studies 

(Zeigler Bros., Gardners, PA); studies studies 

available ad libitum 


Water 

Automatic watering system Same as single-exposure Same as single-exposure Same as single-exposure studies 

(Edstrom Industries, Water- studies studies 

ford, W);available ad iibitum 


Cages 

Stainless steel wire cages Same as single-exposure Stainless steel wire bottom Same as 13-wk studies 

(Hanford Metal, Inc., studies cages (Hazleton Systems, 

Aberdeen, MD) Inc., Aberdeen, MD) 


Animals per Cage 

1 1 1 1 


Other Chemicals on Study in the Same Room 

None None 1,3-Butadiene Ethylene oxide; 1.3-butadiene 


Animal Room Environment 

Temp-70375" F during expo- Temp--71°-77' F during Temp--73'-76' F during Temp-generally 73'40' F for 

sure, 72'-76 F during nonex- exposure; hum--55%-75% exposure (mean of rats, 71'-79' F for mice during 

posure period; hum--62%-65% during exposure; light and 74.8' f l . l°Fh hum- exposure; mean of 72.5'f 1.7' F 

during exposure, 40%-60% air flow same as 45%-55% during expo- during nonexposure periods; 

during nonexposure period; single-exposure studies sure; light and air flow hum-rata: 40%-76%, mice: 

fluorescent light 12h/d; 10 same assingle-exposure 43%-69% during exposure; 

room air change& during ex- studies mean of 43% during nonexpo- 

posure, 20 room air changes/h sure periods; light and air flow 

during nonexposure period same assingle-exposure studies 
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II. MATERIALS AND METHODS 


Animals were checked twice per day; moribund 
animals were killed. Individual 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 exces- 
sively autolyzed or cannibalized. Tissues and 
groups examined are listed in Table 5. 

TWO-YEAR STUDIES 

Study Design 

Groups of 50 rats of each sex were exposed to air 
containing l,2-epoxybutane a t  concentrations of 
0 (chamber controls), 200, or 400 ppm, 6 hours 
per day, 5 days per week for 103 weeks. Groups 
of 50 mice of each sex were exposed to 1,2-epoxy-
butane a t  concentrations of 0,50, or 100 ppm on 
the same schedule for 102 weeks. Actual concen- 
trations are summarized in Tables 3 and 4 and 
Figures 8 to 11. 

Source and  Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female X C3HMeN MTV', male) 
mice used in these studies were produced under 
strict barrier conditions a t  Charles River Breed- 
ing Laboratories under a contract to the Carci- 
nogenesis Program. Breeding stock for the foun- 
dation colonies at the production facility origi- 
nated a t  the National Institutes of Health Re- 
pository. Animals shipped for study were proge- 
ny of defined microflora-associated parents that 
were transferred from isolators to barrier-main-
tained rooms. Animals were shipped to the 
study laboratory a t  4-6 weeks of age and were 
quarantined for 3 weeks. Thereafter, a complete 
necropsy was performed on five animals of each 
sex and species to assess their health status. 
The rodents were placed on study a t  7-9 weeks of 
age. 

Animal Maintenance 

All animals were housed individually in Hazle- 
ton chambers throughout the study. Feed and 
water were available ad libitum except during 
exposure periods; water was available a t  all 
times. Details of animal maintenance are given 
in Table 5. Serologic analyses were performed 
as described in Appendix F. 

Clinical Examinations a n d  Pathology 

All animals were observed two ,times per day, 
and clinical signs were recorded once per month. 
Individual body weights were recorded once per 
week for the first 13 weeks of the studies and 
once per month thereafter. Mean body weights 
were calculated for each group. Animals found 
moribund and those surviving to the end of the 
studies were humanely killed. A necropsy was 
performed on all animals including those found 
dead, unless they were excessively autolyzed or 
cannibalized, missexed, or found missing. Thus, 
the number of animals from which particular or- 
gans or tissues were examined microscopically 
varies and is not necessarily equal to the num- 
ber of animals that were placed on study. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, em- 
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Tissues examined mi- 
croscopicallyare listed in Table 5. 

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

Representative slides selected by the Chairper- 
son were reviewed by the PWG, which includes 
the laboratory pathologist, without knowledge of 
previously rendered diagnoses, When the  
consensus diagnosis of the PWG differed from 
that of the laboratory pathologist, the laboratory 
pathologist was asked to reconsider the original 
diagnosis. This procedure has been described, in 
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II. MATERIALS AND METHODS 


part, by Maronpot and Boorman (1982) and 
Boorman et al. (1985). The final diagnoses rep- 
resent a consensus of contractor pathologists and 
the NTP Pathology Working Group. For subse-
quent analysis of pathology data, the diagnosed 
lesions for each tissue type are combined accord- 
ing to the guidelines of McConnell et al. (1986). 

Slidedtissues are generally not evaluated in a 
blind fashion (i.e,, without knowledge of dose 
group) unless lesions in question are subtle or 
unless there is inconsistent diagnosis of lesions 
by the laboratory pathologist. Nonneoplastic le- 
sions are not examined routinely by the quality 
assessment pathologist or PWG unless they are 
considered par t  of t h e  toxic effect of t h e  
chemical. 

Statistical Methods 

Data Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et al., 1974). The data elements 
include descriptive information on the 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 at the time they were found to 
be missing or dead from other than natural  
causes; animals dying from natural causes were 
not censored. Statistical analyses for a possible 
dose-related effect on survival used the method 
of Cox (1972) for testing two groups for equality 
and Tarone’s (1975) life table test for a dose-
related trend. When significant survival differ- 
ences were detected, additional analyses using 
these procedures were carried out to determine 
the time point a t  which significant differences in 
the survival curves were first detected. All re- 
ported P values for the survival analysis are 
two-sided. 

Calculation of Incidence: The incidence of neo- 
plastic or nonneoplastic lesions is given as the 
ratio of the number of animals bearing such 
lesions at a specific anatomic site to the number 
of animals in which that site was examined. In 

most instances, the denominators include only 
those animals for which the site was examined 
histologically. However, when macroscopic ex- 
amination was required to detect lesions (e.g., 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
at multiple sites (e.g., lymphomas), the denomi- 
nators consist of the number of animals on which 
a necropsy was performed. 

Analysis of Tumor Incidence: Three statistical 
methods are used to analyze tumor incidence 
data. 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 tu- 
mor under consideration is regarded as being the 
cause of death. Continuity-corrected tests were 
used in the analysis of tumor incidence, and re- 
ported P values are one-sided. 

Life Table Analysis--The first method of anal-
ysis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
studies were “fatal”; i.e., they either directly or 
indirectly caused the death of the animal. Ac-
cording to this approach, the proportions of 
tumor-bearing animals in the dosed and control 
groups were compared at  each point in time at 
which an animal died with a tumor of interest. 
The denominators of these proportions were the 
total number of animals a t  risk in each group. 
These results, including the data from animals 
killed at the end of the studies, were then com- 
bined by the Mantel-Haenszel method to obtain 
an  overall P value. This method of adjusting for 
intercurrent mortality is the life table method of 
Cox (1972) and of Tarone (1975). The under- 
lying variable considered by this analysis is time 
to death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
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II. MATERIALS AND METHODS 


the life table test also provides a comparison of 
the time-specific tumor incidences. 

Incidental Tumor Analysis--The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the studies 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, and the terminal-kill 
period. The denominators of these proportions 
were the number of animals actually examined 
for tumors during the time interval. The indi- 
vidual 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.) 

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 appen- 
dixes containing the analyses of primary tumor 
incidence. These two tests are based on the over- 
all 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., 1984,1985) are 
included for those tumors appearing to show 
compound-related effects. 
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III. RESULTS: RATS 

SINGLE-EXPOSURE STUDIES female rats exposed at 1,600 ppm died before the 
end of the studies (Table 6). The final mean body 

All rats exposed a t  6,550 ppm died during the ex- weight of rats exposed at 800 or 1,600 ppm was 
posure period. No other deaths occurred. Final 12% or 33% lower than that of the controls for 
body weights were not taken, and necropsies males and 12% or 17% lower for females. Erratic 
were not performed. Clinical signs observed in movements and piloerection were compound- 
males and females a t  2,050 and 6,550 ppm were related effects in rats exposed a t  1,600 ppm. 
ocular discharge and dyspnea. Rats had signs of Multifocal pulmonary hemorrhage of moderate 
eye irritation during exposure a t  1,400 ppm. A severity was observed in 2/2 males and 112 fe- 
top exposure concentration of 6,400 ppm was males exposed a t  1,600 ppm. Acute suppurative 
selected for the 1Cday studies in order to have rhinitis of moderate severity was observed in 2/2 
an  exposure concentration at  which target or- males and 2/2 females exposed at 1,600 ppm. 
gans could be identified. Controls were not examined microscopically. 

Because of body weight effects and/or mortality 
FOURTEEN-DAY STUDIES a t  1,600 ppm and above, the highest exposure 

concentration selected for the 13-week studies 
All rats exposed at 3,200 or 6,400 ppm and 215 was 800ppm. 

TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS O F  RATS IN THE FOURTEEN-DAY INHALATION 
STUDIES OF 19-EPOXYBUTANE 

Concentration 
(Ppm) 

Survival (a) 
Mean Body Weights @rams) 

Initial (b) Final Change (c) 
Final Weight Relative 

to Controls 
(percent) 

MALE 

0 515 176 f 4 226 f 6 +50 f 5 
400 515 164f 2 210 f 4 +46 f 3 
800 

1,600 
3,200 
6,400 

515 
515 

(d)015 
(0015 

177 f 5 
177 f 9 
182 f 4 
173 f 7 

199f 5 
151 f 13 

(e)
(e) 

+22 f 4 
-26 f 7 

(e)
(e) 

FEMALE 

0 
400 

5/5
515 

132 f 2 
127 f 3 

155f 2 
144f 2 

+23 f 1 
+17 f 1 

800 515 129 f 2 137f 4 +8&2 
1,600
3,200 
6,400 

(g)315 
(h)015 
(D015 

131 f 2 
122 f 3 
131 f 5 

128 f 4 
(e)
(e) 

-3 f 2 
(e)
(e) 

(a)Number surviving/number initially in the group 
(b)Initial mean 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 of the group f standard error of the mean 
(d)Day ofdeath: 1,1,2,2,2 
(e)No data are reported due to the 100% mortality in this group. 
(D Day of death: all 1 
(g)Day ofdeath: 10,12 
(h)Day ofdeath: 2,2,2,2,3 
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III. RESULTS: RATS 

THIRTEEN-WEEK STUDIES portions of the nasal cavity and affected the res- 
piratory and olfactory epithelium. The lesion 

No compound-related deaths occurred (Table 7). was characterized by lymphocytic and neutro- 
The final mean body weight of rats exposed at philic infiltration of the mucosa and accumula- 
800 ppm was 23% lower than that of the controls tion of purulent exudate in the lumen of the na- 
for males and 16% lower for females. No com- sal cavity, with focal loss of epithelial cells from 
pound-related clinical signs were observed. the mucosa. 
Liver weight to body weight ratios were similar 
in dosed and control ra t s  (Table 8). Inflam- Dose Selection Rationale: Because of the lower 
mation of the nasal cavity was seen in all rats body weight gain and nasal cavity inflammation 
that received 1,2-epoxybutane a t  800 ppm but a t  800 ppm, 1,2-epoxybutane concentrations se- 
not a t  lower concentrations. The inflammation lected for rats for the 2-year studies were 200 
was present primarily in the dorsal and lateral and 400 ppm. 

TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK INHALATION 

STUDIES OF 14-EPOXYBUTANE 


Mean Body Weiphb barns) Final Weight Relative 
Concentration Survival (a) Initial (b) Final Change (C) to Controls 

(Ppm) (percent) 

MALE 

0 10/10 164 f 4 362 f 5 +198 f 3  _ _  
M) 10/10 161 f 3 356 f 7  +195 f 5  98 

100 loll0 161 f 3 348f6 +187f5 96 

200 10/10 158f 4 356f 7 + W 7  f 5 98 

400 10/10 159 f 3 344f6 +185f4 95 

800 10110 163 f 3 277f6 +114f7 77 


FEMALE 

0 10/10 127 f 3 199f 4 +72 f 2 _ _  

M) 10/10 129 f 3 200 f J +71 f 3  101 

100 (d)9/10 128 f 3 207 f 3 +78 f 2 104 

200 10/10 130 f 2 205 f 4 +75 f 4 103 

400 10110 127 f 2 199 f 4 +72 f 3 100 

800 10110 128 f 3 168 f 3 +40 f 2 84 


(a) Numbersurviving/number initially in the group
(b)Initial mean group body weight f standard error of the mean. Subsequent calculations are based on those animals 

survivingtothe end ofthe study. 

(c) Mean bodyweight change of the survivors of the group f standarderror of the mean 
(d)Week ofdeath: 11 
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TABLE 8. ABSOLUTE AND RELATIVE LIVER WEIGHTS OF RATS IN THE THIRTEEN-WEEK 

INHALATION STUDIES OF l,!&EPOXYBUTANE (a) 


Necropsy Liver WeighV 
Concentration No. Body Weight Liver Weight Necropsy Body Weight 

(Ppm) Examined (grams) (mg) Ratio (mg/g) 

MALE 

0 10 362 f 16 13,685 f 1,637 37.8 f 4.14 
50 10 356 f 21 14,446 f 1,369 40.7 f 3.78 

100 10 348 f 17 14,236 f 1,360 41.0 f 3.21 
200 10 355 f 22 14,354 f 1,347 40.3 f 1.78 
400 10 344 f 20 13,697 f 1,940 39.8 f 4.71 
800 10 (b)277 f 20 (b) 11,400 f 1,422 41.0 f 3.56 

FEMALE 

0 10 199 f 12 7,300 f 678 36.6 f 2.81 
50 10 200 f 13 7,383 f 891 36.9 f 3.57 

100 9 207 f 8 7,831 f 749 37.8 f 3.31 
200 10 2052 12 7,931 f 660 38.8 f 2.45 
400 10 199 f 12 7,370 f 833 37.1 f 4.13 
800 10 (b)168 f 8 W6.236 f 682 37.1 f 3.15 

(a)Mean f standard deviation: P values are veraus the controls by Dunnett’stest (Dunnett, 1955).

(b)P<0.01

(c)P<0.06 


TWO-YEAR STUDIES 

Body Weights and Clinica- Signs 	 anc Figure 12). Mean body weigllts of high dose 
female rats were 5%-10% lower than those of the 

Mean body weights of exposed and control male 	 controls after week 22. No compound-related 
rats were similar until week 86; thereafter, 	 clinical signs were observed in either males or 
mean body weights of high dose male rats were 	 females. 
4%-8% lower than those of the controls (Table 9 
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TABLE 9. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR INHALATION 
STUDIES OF 14-EPOXYBUTANE 

Weeks Control 800 m m  400 DDm 
on Av, Wt. No. of Av. Wt. Wt. (pewcent No. of Av. Wt. Wt. (percent No. of 

Study (grams) Survivors (grams) of controls) Survivors (grams) of controls) Survivors 

MALE 
0 191 50 190 99 50 191 100 50 
1 m 50 233 109 50 232 102 50 
2 2-44 50 252 109 50 249 102 50 
3 201 50 288 109 50 269 103 50 
4 272 50 280 109 50 280 103 50 
5 282 50 289 102 50 290 103 50 
0 294 50 301 102 50 300 102 50 
7 309 50 314 104 50 309 102 50 
8 314 50 321 102 50 320 102 50 
9 320 50 334 104 50 327 102 50 
10 329 50 343 104 50 3.35 102 50 
11 341 50 353 104 50 345 101 50 
12 352 60 303 103 50 356 101 50 
13 300 50 372 103 50 359 100 50 
17 382 50 393 103 50 380 101 50 
2-2 409 50 418 102 50 409 100 50 
25 416 50 420 102 50 415 100 50 
30 431 so 434 101 50 428 99 50 
34 442 50 445 101 50 439 99 50 
38 447 50 455 102 50 447 100 50 
43 454 50 450 100 50 451 99 50 
47 402 49 404 100 50 458 99 50 
51 407 49 471 101 49 403 99 50 
58 470 49 470 101 49 467 99 50 
60 478 49 478 100 49 469 98 50 
05 487 49 484 99 49 474 97 49 
09 484 49 487 101 49 478 99 49 
73 492 48 489 99 49 476 97 49 
77 489 48 489 99 47 470 96 45 
81 484 48 474 98 45 469 97 45 
80 486 45 479 99 40 489 95 44 
90 48s 42 470 97 37 455 94 42 
94 480 39 458 95 33 447 93 38 
98 472 37 452 96 29 431 92 34 
105 446 30 423 95 18 427 90 23 

FEMALE 
0 137 50 130 99 50 134 98 50 
1 151 50 157 104 49 151 100 50 
2 162 50 102 100 49 157 97 50 
3 170 50 188 99 49 l&a 98 50 
4 175 50 179 102 49 172 98 50 
5 179 50 181 101 49 175 98 50 
6 107 50 180 99 49 180 96 50 
7 185 50 191 109 49 189 99 50 
8 191 50 198 104 49 189 99 50 
9 
10 

198 
197 

50 
50 

202 
204 

109 
104 

49 
49 

194 
197 

99 
100 

50 
50 

11 209 50 208 102 49 195 96 50 
12 207 50 211 102 49 202 98 50 
13 208 50 213 102 49 200 90 50 
17 219 50 223 102 49 213 97 50 
22 233 50 232 100 49 221 95 49 
25 239 50 240 100 49 228 95 49 
30 249 50 247 99 49 233 94 49 
34 256 50 250 100 48 243 95 49 
38 264 50 20.3 100 48 248 94 49 
43 271 50 204 97 48 254 94 49 
47 284 50 278 98 48 260 92 49 
51 297 50 288 97 47 272 92 49 
50 298 50 301 101 47 279 94 48 
60 311 50 308 99 47 285 92 48 
65 323 50 315 98 47 297 92 48 
69 328 50 327 100 45 305 93 48 
73 995 50 333 99 42 309 92 47 
77 342 49 332 97 42 308 90 43 
81 345 47 333 97 42 315 91 42 
80 347 44 335 97 30 320 92 40 
90 347 43 331 95 34 322 93 38 
94 34.9 40 337 98 27 315 92 36 
98 345 36 325 94 25 319 92 30 
105 342 32 317 93 22 311 91 22 
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III. RESULTS: RATS 


Survival survival and tumor status for individual male 
rats. Table A3 contains the statistical analyses 

Estimates of the probabilities of survival for of those primary tumors that occurred with an  
male and female rats exposed to 1,2-epoxy- incidence of a t  least 5% in one of the three 
butane by inhalation at the concentrations used groups. The statistical analyses used are dis- 
in these studies and for controls are shown in Ta- cussed in Chapter II (Statistical Methods) and 
ble 10 and in the Kaplan and Meier curves in Table A3 (footnotes). Historical incidences of tu- 
Figure 13. The survival of the low dose groups of mors in control male rats are listed in Table A4. 
both male (after week 101) and female (after Findings on nonneoplastic lesions are summa- 
week 90) rats was significantly lower than that rized in Table A5. 
of the control groups. 

Lesions in female rats are summarized in Ap- 
Pathology and Statistical Analyses of pendix B. Histopathologic findings on neo- 
Results plasms are summarized in Table B1. Table B2 

gives the survival and tumor status for individ- 
This section describes the significant or notewor- ual female rats. Table B3 contains the statisti- 
thy changes in the incidences of rats with neo- cal analyses of those primary tumors that oc-
plastic or nonneoplastic lesions of the nasal cavi- curred with an  incidence of a t  least 5% in one of 
ty, lung, hematopoietic system, thyroid gland, the three groups. The statistical analyses used 
anterior pituitary gland, and preputial gland. are discussed in Chapter II (Statistical Methods) 

and Table B3 (footnotes). Historical incidences 
Lesions in male rats are summarized in Appen- of tumors in control female rats are  listed in 
dix A. Histopathologic findings on neoplasms Table B4. Findings on nonneoplastic lesions are 
are summarized in Table Al.  Table A2 gives the summarized in Table B5. 

TABLE 10. SURVIVAL OF RATS IN THE TWO-YEAR INHALATION STUDIES OF l$-EPOXYBUTANE 

(c)The result of the life table trend teat  is in the control column, and the results of the life table pairwise comparisons with the 

Control 200 Ppm 400 Ppm 

MALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Killed a t  termination 

50 
20 
30 

50 
32 
18 

50 
27 
23 

Survival Pvalues (c) 0.207 0.024 0.225 

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Killed a t  termination 

60 
18 
0 

32 

50 
29 
0 

21 

50 
27 

1 
22 

Survival Pvalues (c) 0.098 0.019 0.092 

(a)Terminal-kill period: week 105 
(b) Includes animals killed in a moribund condition 

controls are in the dosed columns. 
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III. RESULTS: RATS 


Nasal Cavity: Suppurative and serous inflam- 
mation, hyperplasia of the respiratory epitheli- 
um, and squamous metaplasia were observed at 
increased incidences in exposed male and female 
rats (Table 11). Suppurative inflammation was 
characterized by the presence of neutrophils 
within the nasal cavity and mucosa; serous in- 
flammation consisted of an  eosinophilic protein- 
aceous material containing few inflammatory 
cells within the lumen of the nasal cavity. Other 
inflammatory lesions with lymphocyte and mac- 
rophage infiltrates were diagnosed as unspeci-
fied inflammation. Epithelial hyperplasia con- 
sisted of diffuse crowding of epithelial cells and 
increased thickness of the respiratory epitheli- 
um. In focal areas, nodular proliferation of res- 
piratory epithelium formed glandlike structures 
that were diagnosed as adenomatous hyperpla- 
sia. Squamous metaplasia was a focal or multi-
focal lesion that occurred frequently within the 
respiratory epithelium, especially in the ante- 
rior section of the nasal cavity. Atrophy of the 
olfactory sensory epithelium was observed a t  
increased incidences in exposed male and female 
rats. Hyperostosis of the nasal turbinate bone, 
consisting of a periosteal cell proliferation and 
new bone formation, was observed a t  increased 
frequency in high dose male rats. 

The incidence of papillary adenomas in high 
dose male rats was significantly greater than 
that in the controls (Table 12). These tumors 
were exophytic papillary growths of a cuboidal 
to columnar nonciliated epithelium which were 
attached to the underlying mucosa by thin 
stalks or broad bases. There was no evidence of 
local invasive growth by these adenomas.  
Papillary adenomas were observed in two high 
dose female rats. 

Lung: Alveolar/bronchiolar carcinomas and 
alveolarhronchiolar adenomas or carcinomas 
(combined) in male rats occurred with signif- 
icant positive trends; the incidences in the high 
dose group were significantly greater than those 
in the controls (Table 13). The incidences of ade-
nomas or carcinomas (combined) in female rats 
were as follows: control, 2/50; low dose, 0149; 
high dose, 1/50. 

Hematopoietic System: The incidence of mono-
nuclear cell leukemia was significantly greater 
by the life table test (P=O.O11)in low dose (but 
not in high dose) male rats than that in the con- 
trols (control, 25/50; low dose, 31/50; high dose, 
22/50). 

TABLE 11. NUMBER OF RATS WITH LESIONS OF THE NASAL CAVITY OR OLFACTORY SENSORY 

EPITHELIUM IN THE TWO-YEAR INHALATION STUDIES OF 1.2-EPOXYBUTANE 


Sitanesion 

Number examined 

Nasal cavity 
Inflammation,NOS 
Serous inflammation 
Suppurative inflammation 
Hyperostosis
Epithelial hyperplasia 
Adenomatous hyperplasia 
Squamous metaplasia 
Papillary adenoma 

Olfactory sensory epithelium 
Atrophy 

Male Female 
0 200ppm 400ppm 0 200 ppm 400 ppm 

50 50 50 50 50 50 

9 36 42 25 32 43 
2 28 36 0 18 31 

10 37 49 6 26 45 
0 2 11 0 2 16 
8 38 46 5 29 40 
0 0 5 0 0 2 
4 22 40 1 14 36 
0 0 7 0 0 2 

0 18 12 0 13 8 
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TABLE 12. ANALYSIS OF NASAL CAVITY PAPILLARY ADENOMAS IN RATS IN THE TWO-YEAR 
INHALATION STUDIES OF 1.2-EPOXYBUTANE (a) 

Control 200 Ppm 400 Ppm 

MALE (b) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 

0150 (0%)
0.0% 
0130 (0%) 

0/50 (0%)
0.0% 
0118 (0%) 

7/50 (14%) 
24.2% 
3/23 (13%) 
97 

Life Table Testa PCO.001 (C) P=0.005 
Incidental Tumor Tests P=0.002 (Cl P -0.01 5 

FEMALE (d) 

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

(a)The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix A, Table A3 (footnotes).
(b)Historical incidence of nasal cavity neoplasms in chamber controls at study laboratory: 0/249; historical incidence in 
untreated controls in NTP studies: 2/1,977 (0.1%) 
(c)No Pvalue is reported because no tumors were observed in the 200-ppm and control groups. 
(d)Hietorical incidence of nasal cavity neoplasms in chamber controls at study laboratory: 0/249; historical incidence in 
untreated controls in NTP studies: 1/2,021 (0.05%) 

TABLE 13. ANALYSIS OF ALVEOLAR/BRONCHIOLAR LESIONS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF 1.2-EPOXYBUTANE 

Epithelial Hyperplasia 
Overall Rates 5/50(10%) 5/50(10%) 8/49 (16%) 

Adenoma 
Overall Rates 0150 (0%) 1/50 (2%) 1/49 (2%) 

Carcinoma (a)
Overall Rates 0150 (0%) 1/50 (2%) 4/49 (8%)
Adjusted Rates 0.0% 5.6% 13.5% 
Terminal Rates OM0 (0%) 1118 (6%) 2/23 (9%) 
Week of First Observation 105 95 
Life Table Testa P =0.022 P=0.398 P=0.049 
Incidental Tumor Testa P =0.028 P =0.398 P=0.077 

Adenoma or Carcinoma (b)
Overall Rates 0150(0%) 2/50 (4%) 5/49 (10%) 
Adjusted Rates 0.0% 8.9% 17.6% 
Terminal Rates 0130 (0%) 1/18 (6%) 3/23 (13%) 
Week of First Observation 100 95 
Life Table Tests P=0.013 P=0.161 P =0.022 
Incidental Tumor Tests P=O.O19 P=0.234 P=0.036 

(a)Historical incidence in chamber controls a t  study laboratory (mean k SD): 4/249 (2% f 2%); historical incidence in 
untreated controls in NTP studies: 14/1,973 (0.7% f 1%)
(b)Historical incidence in chamber controls at study laboratory (mean f SD): 6/249 (2% f.0.9%); historical incidence in 
untreated controls in NTP studies: 38/1,973(2% f 2%) 
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III. RESULTS: RATS 


Thyroid Gland: Follicular cell adenomas or (Table 14).The incidences of adenomas or carci-
carcinomas (combined) in female rats occurred nomas (combined) are significant by the life ta-
with a significant positive trend by the life table ble test but not by the incidental tumor test (the 
test (P=0.043)but not by the incidental tumor latter test is considered more appropriate for 
test (the more appropriate test for analysis of analysis of nonfatal tumors). 
these nonfatal tumors); the incidences in the 
dosed groups were not significantly greater than Preputial Gland: The incidences of adenomas, 
that in the controls (control, 0145;low dose, 1/48; carcinomas, or squamous cell carcinomas (com- 
high dose, 3/48).Follicular cell hyperplasia was bined) in male rats (control, 3/50;low dose, 3/50; 
not observed in either control or high dose rats. high dose, 8/50)were marginally significant by 

the life table trend test (P=0.050)but not by the 
Anterior Pituitary Gland: Adenomas in female incidental tumor trend test (the more appropri- 
rats occurred with a significant positive trend, ate test for analysis of these nonfatal tumors). 
and the incidence in the high dose group was sig- The incidence in the high dose group was not sig- 
nificantly greater than that  in  the controls nificantly greater than that in the controls. 

TABLE 14. ANALYSIS OF ANTERIOR PITUITARY GLAND LESIONS IN FEMALE RATS IN THE 

TWO-YEAR INHALATION STUDY OF 1,2-EPOXYBUTANE 


Control 200 Ppm 400 Ppm 

Hyperplasia

Overall Rates 10149 (20%) 7/48 (15%) 4/48(8%) 


Adenoma 

Overall Rates 25/49(51%) 26/48 (54%) 32/48 (67%) 

AdjustedRates 66.9% 77.3% 88.0% 

Terminal Rates 19/31 (61%) 14/21 (67%) 17/21 (81%) 

Week of First Observation 88 71 71 

Life Table Testa P30.005 P=0.051 P=0.005 

Incidental Tumor Testa P=0.017 P=0.185 P=0.017 


Carcinoma 

Overall Rates 6/49 (12%) 8/48 (17%) 3/48 (6%) 


Adenoma or Carcinoma (a)

Overall Rates 31/49 (63%) 34/48 (71%) 35/48 (73%) 

Adjusted Rates 73.0% 91.3% 94.2% 

Terminal Rates 20131 (65%) 18/21 (86%) 19/21(90%)

Week of First Observation 77 66 71 

Life Table Testa P=0.016 P=0.016 P=O.O19 

Incidental Tumor Testa P=0.069 P=0.140 P=0.096 


(a)Historical incidence in chamber controls at study laboratory (mean f SD): 1231241 (51% f 7%);historical incidence in 

untreated controls in NTPstudies: 93111,952(48% f 11%) 
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III. RESULTS: MICE 


SINGLE-EXPOSURE STUDIES 

All mice exposed at 2,050 ppm, 4/5 males and 4/5 
females exposed at 1,420 ppm, and 115 males ex- 
posed at 398 ppm died before the end of the stud- 
ies (Table 15). Final body weights were not 
taken, and necropsies were not performed. Dys- 
pnea was seen in mice exposed a t  2,050 ppm. 
During exposure, mice exposed at 1,420 ppm 
were restless and showed signs of eye irritation. 
Mice were housed in the same exposure cham- 
bers as rats. 

FOURTEEN-DAY STUDIES 

All mice exposed at concentrations of 1,600 ppm 
or higher and 1/5 males exposed at 800 ppm died 
before the end of the studies (Table 16). Clinical 
signs observed in mice at 800 ppm included dys- 
pnea and listlessness on the first exposure day. 
The final mean body weights of mice exposed a t  
800 ppm were lower than the initial weights. 
Moderate nephrosis was observed in 2/2 males 
exposed at 1,600 ppm. Mild to slight nephrosis 
was observed in 2/2 males and 1/2 females ex- 
posed at 800 ppm. Controls were not examined 

microscopically. Because of mortality a t  1,600 
ppm and above, the  highest exposure con- 
centration selected for the 13-week studies was 
800ppm. 

THIRTEEN-WEEK STUDIES 

All mice exposed a t  800 ppm died before the end 
of the studies (Table 17). Final mean body 
weights were not affected by exposure to 1,2- 
epoxybutane. Mice exposed at 800 ppm were 
listless during and after the first day of expo- 
sure; clinical signs were not seen at lower doses. 
The liver weight to body weight ratio of female 
mice that received 400 ppm was significantly 
lower than that of the controls (Table 18). Renal 
tubular necrosis was seen in 6/10 males and 8/10 
females exposed at 800 ppm but not at lower ex- 
posure concentrations. Inflammation of the 
nasal turbinates was observed in all mice ex- 
posed a t  200 ppm or higher, in 0/10 males and 
7/10 females exposed at 100 ppm, and in none of 
the controls. Renal and upper respiratory tract 
changes were considered to  be compound 
related. 

TABLE 15. SURVIVAL OF MICE IN THE SINGLE-EXPOSURE INHALATION STUDIES OF 
1,2-E POXY BUTANE 

Concentration (ppm) Male (a) Female (b) 

398 
721 

(c)415 
515 

516 
515 

1,420 
2,050 

(d)115 
(e)015 

(d) 115 
(e)015 

(a)LCJovalue by probit analysis: 944ppm with a 95% confidence interval of540-1.516ppm 
(b)LCso value by the Spearman-Karber procedure: 1,123ppm with a 95% confidence interval of915-1,379ppm 
(c)Day ofdeath: 5 
(d)All deaths occurred within 2 hours of the end of exposure. 
(e)All deaths occurred within 40minutes ofthe end ofexposure. 
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TABLE 16. SURVIVAL AND MEAN BODY WEIGHTS O F  MICE IN THE FOURTEEN-DAY INHALATION 
STUDIES O F  13-EPOXYBUTANE 

___ - ~ ~~ ~ ~ 

Mean BodsWeights @rams) Final Weight Relative 
Concentration Survival (a) Initial (b) Final Change (c) to Controls 

(ppm) (percent) 
~ 

MALE 

0 515 25.6 f 0.5 27.4 f 0.6 +1.8 f0.4 
400 
800 

1,600 
3,200 
6,400 

515 
(d)4/5
(e)015 
(e)015 
(e)015 

24.2 f 1.2 
25.4 f 0.4 

26.2 f 0.4 
22.6 f 0.2 

27.4 f 0.7 

26.2f 1.1 
24.8 f 1.1 

(0
(0 

cn 
+2.0 f0.5 
-1.0 f0.9 

cn 
(0
cn 

FEMALE 

0 
400 

515 
515 

21.6 f 0.2 
21.4 f 0.4 

23.6 f 0.2 
22.6 f 0.4 

+2.0 f0.4 
+ 1.2 f0.8 

800 515 21.2 f 0.5 20.8f 0.7 -0.4 f0.2 
1,600
3,200 
6,400 

(e) 015 
(e) 015 
(e)015 20.0 f 0.0 

22.4 f 0.7 
19.2f 0.7 cn 

cn
(n 

(0
(D
(0 

(a)Numbersurviving/number initially in the group 
(b) Initial mean 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 of the group f standard error ofthe mean 

(d)Day of death 3 

(e)Day ofdeath: all 1 

(0No data are reported due to the 100% mortality in this group. 


TABLE 17. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK INHALATION 
STUDIES OF 13-EPOXYBUTANE 

Concentration 
(ppm) 

Survival (a) 
Mean Body Weights (grams) 

Initial (b) Final Change (c) 
Final Weight Relative 

to Controls 
(percent) 

MALE 

0 10110 23.8 f 0.4 30.8 f 0.8 +7.0 f 0.6 -. 
50 
100 
200 
400 

(d)8110 
10110 
10110 
10110 

22.5 f 0.2 
24.0 f 0.5 
24.1 f 0.3 
22.2f 0.2 

31.0 f 1.1 
31.0f 0.4 
30.7 f 0.9 
30.1 f 0.3 

+8.5 f 1.1 
+7.0 f 0.4 
+6.6 f 0.7 
+7.9 f 0.2 

100.6 
100.6 
99.7 
99.7 

800 (e)0110 22.4 f 0.5 (0 cn (D 
FEMALE 

0 10110 19.6 f 0.4 25.7 f 0.5 +6.1 f 0.6 .-
50 10110 19.9f 0.3 27.9 f 0.4 +8.0f 0.5 108.6 
100 
200 

10110 
10110 

20.0 f 0.6 
20.1 f 0.6 

(g)26.9 f 0.4 
27.0f 0.8 

+6.9 f 0.4 
+6.9 f 0.9 

104.7 
105.1 

400 
800 

10110 
(h)0110 

19.7f 0.5 
18.2 f 0.4 

25.5 f0.5
(n 

+5.8 f0.2 
cn 

99.2 
(D 

(a)Numbersurviving/number initially in the group 
(b) Initial mean 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 of the group f standard error of the mean 
(d)Week of death: 11,ll 
(e)Week ofdeath: 1,1,1,1,2,2,2,2,2,11

(0No data are reported due to the 100% mortality in this group. 

(g)Final body weights were not recorded for two animals; reported final weights and weight change are based on eight animals. 
(h)Week of death: 1,1,1,1,1,1,1,1,2,2 
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TABLE 18. ABSOLUTE AND RELATIVE LIVER WEIGHTS OF MICE IN THE THIRTEEN-WEEK 

INHALATION STUDIES OF 14-EPOXYBUTANE (a) 


Necropsy Liver Weight/ 

Concentration No. Body Weight Liver Weight Necropsy Body Weight 


(ppm) Examined (grams) (mg) Ratio (mg@ 


MALE 

0 10 30.8 f 2.6 1,808f 185 58.9 f 5.79 

50 8 31.0 f 3.0 1,833f 170 59.5 f 6.56 

100 10 31.0 f 1.2 1,644f107 53.0 f 2.43 

200 10 30.7 f 2.8 1,885f239 61.5f 6.74 

400 10 30.1 f 1.0 (b)1,503f 117 50.0f 4.24 


FEMALE 

0 10 25.7 f 1.6 1,505f 132 58.6 f 3.25 

50 10 (c)27.9 f 1.3 1,588f150 56.9 f 4.07 
100 8 26.9f 1.1 1,482f 61 55.2 f 2.13 
200 10 27.0 f2.5 1,585 f 157 68.9 f4.95 
400 10 25.5 f 1.6 (b)1,254f145 (b)49.1 f3.54 

~ ~ ~ ~ ~~ ~~ ~~ ~ ~ 

(a)Mean f standard deviation; Pvalues are versus the controls by Dunnett’s test (Dunnett, 1956).
(b)P<O.Ol 

(c)P<0.05 

Dose Selection Rationale: Because all mice ex- week 47 and 10%-14% lower after week 69 (Ta-
posed at 800 ppm died and because the res- ble 19and Figure 14). Mean body weights of low 
piratory tract lesions at 200 ppm and above were dose male mice were generally higher than those 
considered potentially life threatening, exposure of the controls until week 69 and 4%-8% lower 
concentrations selected for mice for the 2-year after week 86. Mean body weights of high dose 
studies were 50 and 100 ppm 1,2-epoxybutane. female mice were 13%-23% lower than those of 

the controls after week 60. Mean body weights 
TWO-YEAR STUDIES of low dose female mice were 12%-16% lower 

than those of the controls after week 73.Female 
Body Weights and Clinical Signs mice at 100 ppm were inactive and listless dur- 

ing the last 2 months on study; no other dose- 
Mean body weights of high dose male mice were related clinical signs were observed in either 
generally higher than those of the controls until males or females. 
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TABLE I@. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR INHALATION 
STUDIES OF 192-EPOXYBUTANE 

Weeks 
on 

Study 

Control 
Av. Wt. No, of 
(grams) Survivors 

Av. Wt. 
(grams) 

50 RRm 
Wt. (percent 
of controls) 

No. of 
Survivors 

Av. Wt. 
(grams) 

100 ppm
Wt. (percent
of controls) 

No. of 
Survivors 

MALE 
0 24.1 50 23.5 98 50 24.2 100 50 
1 24.6 50 25.5 104 50 25.9 105 50 
2 24.8 50 26.2 106 50 25.5 103 50 
3 27.0 49 28.2 104 49 28.4 105 50 
4 27.2 49 27.8 102 49 28.6 105 so 
5 27.3 49 28.7 105 49 29.1 107 50 
6 27.5 49 29.5 107 49 29.5 107 50 
7 27.6 49 29.0 105 49 29.1 105 50 
8 28.7 49 30.3 106 49 30.0 105 50 
9 28.9 49 29.3 101 49 29.8 103 50 

10 28.4 49 29.9 105 49 29.7 105 so 
11 29.1 49 30.0 103 49 29.8 102 50 
12 29.7 49 30.1 101 49 30.9 104 50 
13 29.4 49 30.3 103 49 30.6 104 50 
17 30.1 49 30.4 101 49 32.6 108 50 
n 31.3 49 31.5 101 49 32.3 103 50 
25 33.1 48 31.7 96 49 32.8 99 50 
30 32.7 48 33.7 103 49 33.3 102 50 
34 33.3 48 34.1 102 49 33.9 102 50 
38 34.9 48 35.4 101 49 36.0 103 50 
43 35.3 48 36.4 103 49 36.0 102 50 
47 34.2 48 37.2 109 49 35.0 102 50 
51 35.8 48 36.7 103 49 35.1 98 50 
58 35.9 48 37.2 104 49 35.0 97 50 
60 35.5 48 36.8 104 49 34.3 97 50 
85 35.8 47 37.9 106 49 33.9 95 50 
69 36.3 41 37.2 102 49 32.1 88 50 
73 38.6 47 35.9 93 49 33.2 86 50 
77 38.2 46 36.6 96 49 32.8 86 49 
81 37.8 46 36.1 96 49 33.6 89 49 
86 36.9 45 34.4 93 49 33.1 90 46 
90 37.4 45 35.9 96 48 33.0 88 43 
94 36.8 45 35.4 96 47 31.8 86 42 
9a 37.7 43 34.7 92 46 32.8 87 37 
104 36.9 41 34.4 93 45 33.3 90 33 

FEMALE 
0 19.7 50 20.2 103 50 19.7 100 50 
1 20.2 50 20.6 102 50 22.2 110 50 
2 22.1 50 21.1 95 50 20.8 94 50 
3 22.2 49 22.5 101 50 23.3 105 49 
4 23.7 49 23.3 98 50 24.2 102 49 
5 24.1 49 25.0 104 50 25.3 105 49 
6 24.8 49 25.2 102 50 25.8 104 49 
7 24.2 49 24.8 102 50 25.1 104 49 
8 25.3 49 26.4 104 50 26.5 105 49 
9 25.9 49 26.4 102 50 26.5 102 49 

10 25.8 49 26.6 103 50 26.9 104 49 
11 25.8 49 26.9 104 50 26.3 102 49 
12 26.3 49 26.3 100 50 26.2 100 49 
13 25.6 49 26.2 102 49 26.7 104 49 
17 27.3 49 27.1 99 49 27.4 100 49 
22 27.2 49 28.6 105 49 28.0 103 49 
25 26.6 49 28.2 99 49 28.8 101 49 
30 28.7 49 29.2 102 49 29.8 104 49 
34 28.8 49 30.4 106 49 29.6 103 49 
38 30.0 49 30.5 102 49 29.5 98 49 
43 30.3 48 30.3 100 49 30.2 100 49 
47 30.4 48 30.6 101 49 29.7 98 49 
51 31.6 48 31.0 98 49 28.8 91 49 
56 32.1 48 30.4 95 48 28.5 89 47 
60 32.2 48 30.7 95 48 28.1 87 45 
85 33.2 48 30.0 90 48 27.7 83 43 
69 33.1 48 31.6 95 48 28.0 85 40 
73 34.2 47 30.2 88 46 28.3 83 38 
77 34.6 43 30.0 87 45 28.0 81 32 
81 35.8 40 30.2 84 42 28.0 78 30 
86 33.6 38 29.5 88 41 28.1 84 26 
90 35.4 34 31.0 88 38 27.4 77 17 
94 34.7 33 29.9 86 36 27.8 80 14 
96 35.1 31 29.9 85 31 27.5 78 10 

104 34.3 29 29.9 87 25 29.9 87 (a) 8 

(a)Nine survivors but only eight were weighed 
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FIGURE 14. GROWTH CURVES FOR MICE EXPOSED TO 1,2-EPOXYBUTANE 
BY INHALATION FOR TWO YEARS 
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III. RESULTS: MICE

Survival

Estimates of the probabilities of survival for
male and female mice exposed to 1,2-epoxy-
butane by inhalation at the concentrations used
in these studies and for controls are shown in Ta
ble 20 and in the Kaplan and Meier curves in
Figure 15. The survival of the high dose female
group was significantly lower than that of the
controls after week 69. The survival of the high
dose groups of males (P  0.002) and females
(P< 0.001) was significantly lower than that of
the low dose groups.

Pathology and Statistical Analyses of
Results

This section describes the significant or note
worthy changes in the incidences of mice with
neoplastic or nonneoplastic lesions of the res
piratory epithelium of the nasal cavity, nasal
gland (Bowman's glands), nasolacrimal duct, ol-
factory sensory epithelium, ovary, uterus, and
pituitary gland.

Lesions in male mice are summarized in Appen
dix C. Histopathologic findings on neoplasms
are summarized in Table Cl. Table C2 gives the
survival and tumor status for individual male
mice. Table C3 contains the statistical analyses
of those primary tumors that occurred with an
incidence of at least 5% in one of the three
groups. The statistical analyses used are dis
cussed in Chapter II (Statistical Methods) and
Table C3 (footnotes). Findings on nonneoplastic
lesions are summarized in Table C4.

Lesions in female mice are summarized in Ap
pendix D. Histopathologic findings on neo
plasms are summarized in Table Dl. Table D2
gives the survival and tumor status for individ
ual female mice. Table D3 contains the statisti
cal analyses of those primary tumors that oc
curred with an incidence of at least 5% in one of
the three groups. The statistical analyses used
are discussed in Chapter II (Statistical Methods)
and Table D3 (footnotes). Historical incidences
of tumors in control female mice are listed in Ta-
ble D4. Findings on nonneoplastic lesions are
summarized in Table D5.

TABLE 20. SURVIVAL OF MICE IN THE TWO-YEAR INHALATION STUDIES OF 1,2-EPOXYBUTANE

Control 50 ppm 100 ppm

MALE (a)

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

FEMALE (a)

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

50
9
0
0

41
0.066

50
20
1
0

29
< 0.001

50
3
1
1

45
0.132

50
25
0
0

25
0.633

50
17
0
0

33
0.133

50
40
0
1
9

<0.001

(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: MICE 


Nasal Cavity, Nasal Gland, Nasolacrimal Duct, 
and Olfactory Sensory Epithelium: Empyema 
and chronic inflammation were diagnosed by the 
study pathologist to describe the presence of sup- 
purative exudate in the nasal cavity and infil- 
tration of the nasal mucosa with lymphocytes 
and macrophages. Erosion, respiratory epitheli- 
al regeneration and hyperplasia, and squamous 
metaplasia were observed a t  increased inci- 
dences in dosed male and dosed female mice 
(Table 21). 

Cysts and hyperplasia of the nasal gland (Bow- 
man’s glands in the respiratory mucosa), sup- 
purative and chronic inflammation and epithe- 
lial hyperplasia of the nasolacrimal duct, and 
atrophy of the olfactory sensory epithelium were 
also observed a t  increased incidences in dosed 

mice. A single squamous cell papilloma was 
seen in the incisive duct of one high dose male 
mouse. 

Ovary or Uterus: Suppurative inflammation 
(primarily ovarian abscesses) of the uterus 
and/or ovary was present in all dosed groups 
(uterus: vehicle control, 6/50; low dose, 11/49; 
high dose, 7/48; ovary: 7/49; 20147; 21/45). 
These lesions were cultured from one control, 
four low dose, and four high dose animals. Kleb-
siella oxytoca was isolated from each lesion. 

Pituitary Gland: Adenomas or carcinomas (com- 
bined) in female mice occurred with a significant 
negative trend (P=0.018 by the incidental tu- 
mor test; control, 22/47; low dose, 12/46; high 
dose, 5/46). 

TABLE 81. NUMBER OF MICE WITH LESIONS OF THE NASAL CAVITY, NASAL GLAND, 
NASOLACRIMAL DUCT, OR OLFACTORY SENSORY EPITHELIUM IN THE TWO-YEAR 

S i t e h s i o n  

Number examined 

Nasal cavity 
Empyema
Chronic inflammation 
Erosion 
Regeneration
Epithelial hyperplasia 
Squamous metaplasia 
Squamous cell papilloma 

Nasal gland 
cyst
Hyperplasia 

Nasolacrimal duct 
Empyema
Suppurative inflammation 
Chronic inflammation 
Epithelial hyperplasia 

Olfactory sensory epithelium 
Atrophy 

INHALATION STUDIES OF 1,8-EPOXYBUTANE 

Male Female 
0 50 ppm 100 ppm 0 50 ppm 100ppm 

49 49 50 50 50 48 

32 40 33 40 
33 40 39 44 

7 17 16 24 
15 17 14 15 
32 45 34 35 
24 41 34 41 
0 1 0 0 

0 1 6 0 9 7 
0 10 24 0 23 29 

0 0 0 0 2 5 
0 6 2 1 3 4 
0 3 4 1 5 6 
0 12 21 1 16 21 

0 13 32 0 25 35 
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IV. DISCUSSION AND CONCLUSIONS 


Study Rationale 

1,2-Epoxybutane was selected for study because 
it was a representative of the simple short-chain 
epoxides, a class of compounds that was sus-
pected to contain carcinogens because other 
epoxides had been shown to be carcinogens 
(IARC, 1976). The chemical (greater than 99% 
pure) was administered as a vapor to F344/N 
rats and B6C3F1 mice in a series of short-term 
and 2-year studies by the inhalation route to 
mimic worker exposure. There is currently no 
threshold limit value for this chemical, although 
the manufacturer has established a n  8-hour 
TWA of 40 ppm (Fed. Regist., 1984). The highest 
concentration used in the 2-year rat studies (400 
ppm; 1,178 mglm3) is 10 times this TWA, and 
the highest concentration used in the mouse 
studies (100 ppm; 294 mg/m31 is 2.5 times this 
TWA. 

Short-Term Studies 

In the single-exposure studies, compound- 
related mortality was seen a t  6,550 ppm in rats 
and a t  1,420 ppm and above in mice. In the 14- 
day studies, compound-related mortality was 
seen a t  3,200 ppm and above in male rats, at 
1,600 ppm and above in female rats, and at  1,600 
ppm and above in mice of each sex. The results 
of the 13-week studies were similar to those pub- 
lished previously by Miller et al. (19811, who re- 
ported that exposure of F344 rats and B6C3F1 
mice to 1,2-epoxybutane a t  concentrations of 0, 
75, 150, or 600 ppm resulted in no compound- 
related deaths. In the NTP 13-week studies, no 
deaths were seen in rats a t  concentrations up to 
800 ppm or in mice up to 400 ppm, whereas all 
mice at 800 ppm died. In the Miller et al. study, 
compound-related nasal cavity lesions were seen 
in rats and mice a t  600 ppm but not a t  75 or 150 
ppm. In the NTP studies, nasal cavity lesions 
were seen in rats a t  800 ppm but not a t  lower 
concentrations, and nasal cavity lesions were 
seen in mice at 200, 400, and 800 ppm. In the 
NTP studies, renal necrosis was observed in 
mice at 800 ppm, a dose that was lethal. 

Results of the 13-week studies were used to se- 
lect exposure concentrations for the 2-year stud- 
ies. The highest concentration selected for the 

2-year rat studies was 400 ppm because a t  800 
ppm body weight was markedly lower than that 
of the controls and nasal lesions were observed. 
The highest concentration selected for the 2-year 
studies in mice was 100 ppm because the nasal 
lesions seen at 200 ppm and above were con- 
sidered to be potentially life threatening. 

Two-year  Studies in Rats  

Survival of rats was at  least 50% in all groups 
until week 98, but survival was reduced after 
this time in exposed groups (final survival-- 
male: control, 30150; low dose, 18/50; high dose, 
23/50; female: 32/50; 21/50; 22/50). Mean body 
weights of high dose male rats were 5%-8% 
lower than those of controls after week 86, and 
mean body weights of high dose female rats were 
5%-10% lower after week 22. 

The respiratory system of rats was adversely af- 
fected after exposure to 1,2-epoxybutane for 2 
years. Nonneoplastic lesions of the nasal cavity 
(including inflammation, epithelial and adeno- 
matous hyperplasia, and squamous metaplasia 
of the respiratory epithelium), atrophy of the ol- 
factory epithelium, and hyperostosis were ob- 
served in exposed animals. Seven papillary ade- 
nomas of the nasal cavity were seen in high dose 
male rats and two in high dose female rats. The 
incidence of alveolarhronchiolar adenomas or 
carcinomas (combined) was increased in high 
dose male rats (control, 0150; low dose, 2/50; high 
dose, 5/49) but not in high dose female rats. Al- 
though more than 60% of the animals tested had 
positive serologic titers for RCVISDA virus a t  17 
and 24 months, there were no lesions in the sali- 
vary gland or lung to indicate active infection. 

The finding of benign neoplasms of the nasal 
cavity (nasal cavity neoplasms have not been 
seen in any of the 249 chamber control male rats 
a t  this laboratory and in only 0.1% [2/1,977] of 
untreated control male rats in all NTP studies) 
and of benign and malignant neoplasms of the 
lung in male ra ts  is clear evidence that  this 
chemical is a carcinogen. The presence in fe- 
male rats of two tumors in the nasal cavity, a 
site for tumors in male rats, is considered equiv- 
ocal evidence of carcinogenicity. 
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The incidence of mononuclear cell leukemia was 
increased in low dose male rats, but because 
leukemia was not also increased in high dose 
animals, the effect is not considered to be com- 
pound related. The incidences of several nonfa- 
tal tumors, including thyroid gland follicular 
cell adenomas or carcinomas (combined) in fe- 
male rats, adenomas or carcinomas (combined) 
of the pituitary gland in female rats, and prepu- 
tial gland tumors in male rats, were marginally 
increased by the life table trend test but not by 
the incidental tumor trend test (the more ap-
propriate test for analysis of nonfatal tumors), 

and these effects are not considered to be com-
pound related. 

Propylene oxide, a related epoxide, also was 
studied at the same laboratory in F344/N rats at 
the same inhalation exposure concentrations (0, 
200, and 400 ppm) (NTP, 1986; Table 22). In-
flammation, hyperplasia, and metaplasia of the 
nasal cavity respiratory epithelium were seen in 
dosed animals. Propylene oxide caused an  in- 
creased incidence of papillary adenomas of the 
nasal cavity in male and female rats. 

TABLE 22. COMPOUND-RELATED CARCINOGENIC RESPONSES IN NTP TWO-YEAR INHALATION 
STUDIES OF EPOXIDES AND RELATED COMPOUNDS (a) 

Chemical 

19-Epoxybutane(b) 

Propylene oxide (c) 

Ethylene oxide (d) 

l$-Butadiene (e) 

H 2 G C H - C H x H 2  

Strain! 

Species/ 


9 e X  

F344/N rata 
Male 
Female 

B6C3F1 mice 
Male 
Female 

F344/N rats 
Male 
Female 

B6C3F1 mice 
Male 
Female 

B6C3F1 mice 
Male 
Female 

B6C3F1 mice 
Male 

Female 

Exposure
Concentration 

(ppm) 

0,200,400 

0,200,400 


0,50,100 
0,50,100 

0,200,400 
0,200,400 

0,200,400 
0,200,400 

0,625,1,250
0,625,1,250 

0,625,1,250 

0,625,1,250 

Site or Type of Neodasm 
Nasal Lung Other Organ Systems
Cavity 

+ 
f 


--

-

-

+ -

+ + 	 (Harderian gland) + + 	 (Harderian gland, 
lymphomas, uterus, 
mammary gland) 

+ + 	 (Heart, lymphomas, 
forestomach)+ + 	 (Heart, lymphomas, 
forestomach, ovary, 
mammary gland, 
liver) 

(a) Carcinogenic response: +,presence of compound-related neoplasms; *, equivocal evidence for compound-related
neoplasms; - ,no evidence for compound-related neoplasms. 
(b)This Technical Report 
(c)NTP, 1985 
(d)NTP 1987-rata not studied. 
(e)NTP 1984-study terminated early; rats not studied. 
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Two-year Studies in Mice 

Final survival of dosed male mice was com- 
parable to that of controls. Survival of dosed fe- 
male mice was greater than 50% at  week 86 but 
was reduced in the high dose group toward the 
end of the study (final survival: control, 29/50; 
low dose, 25/50; high dose, 9/50). Suppurative 
inflammation of the ovary and uterus was seen 
in some female mice dying before the end of the 
study, and the incidences of these lesions were 
greater in dosed animals. Klebsiella was cul- 
tured from some of these lesions. Klebsiella in- 
fections were seen in other NTP studies con- 
ducted during this time period, and similar 
uterine/ovarian lesions were seen in female mice 
in those studies (Rao et al., 1987). Mean body 
weights of dosed mice were reduced during the 
second year of the studies. 

The nasal cavity was the site primarily affected 
in mice. As was seen in rats, 1,2-epoxybutane 
caused nonneoplastic lesions of the nasal cavity 
in dosed mice, including suppurative (empyema) 
and chronic inflammation; epithelial hyper- 
plasia, erosion, and regeneration; squamous me- 
taplasia; atrophy of the sensory epithelium; hy- 
perplasia of the nasal gland (Bowman’s glands); 
and inflammation and hyperplasia of the nasola- 
crimal duct. The single squamous cell papilloma 
was seen in the incisive duct of a high dose male 
mouse but was not considered to be compound 
related. 1,2-Epoxybutane at  exposure concen- 
trations that caused nonneoplastic lesions of the 
nasal cavity in both rats and mice was carcino- 
genic in the nasal cavity of rats only. The rea- 
sons for this species difference need further 
investigation. 

Inhalation exposure of B6C3F1 mice to propyl-
ene oxide a t  concentrations of 200 and 400 ppm 
caused inflammation and hemangiomas or hem-
angiosarcomas (combined) of the nasal cavity 
(NTP, 1985; Table 22). 1,2-Epoxybutane a t  50 or 
100 ppm was not carcinogenic for mice, even 
though nonneoplastic inflammatory and hyper- 
plastic lesions occurred. Two other related 
chemicals were studied in mice in the same room 
a t  this laboratory: 1,3-butadiene and ethylene 
oxide (NTP, 1984,1987; Table 22). These chem- 
icals given by the inhalation route were not car- 
cinogenic in the nasal cavity but did cause 

increased incidences of neoplasms at  other sites. 
Ethylene oxide caused increased incidences of 
lung and harderian gland tumors in male and fe- 
male mice exposed at 50 or 100 ppm (NTP, 
1987). 1,3-Butadiene, which is metabolized in 
vitro first to 1,2-epoxy-3-butene and then to di- 
epoxybutane and 3,4-epoxy-1,2-butanediol(Mal-
voisin and Roberfroid, 19821, caused increased 
incidences of neoplasms of the lung, stomach, 
and heart and lymphomas in male mice and of 
neoplasms of the lung, stomach, mammary 
gland, ovary, and liver and lymphomas in fe- 
male mice at  concentrations of 625 or 1,250 ppm 
(NTP, 1984). Other epoxides have been shown to 
be carcinogenic in rodents after oral administra- 
tion and inhalation exposure (IARC, 1985). In 
the 1,2-epoxybutane studies reported here, there 
was no cross-contamination in the exposure 
chamber with the other chemicals (1,3-buta- 
diene or ethylene oxide) on study in the same 
room. 

Adenomas or carcinomas (combined) of the pitui- 
tary gland occurred with a significant negative 
trend in female mice. This may be related in 
part to the increased mortality in exposed fe- 
male mice. 

Genetic Toxicology 

1,2-Epoxybutane is clearly mutagenic. I t  in- 
duces gene mutations in a variety of bacterial 
species (Dunkel, 1979; McMahon et al.,  1979; 
Voogd et al., 1981; De Flora et al., 1984), as well 
as in fungi (Kolmark and Giles, 1955; Migliore 
e t  al., 1982; Rossi et al.,  19831, Drosophila 
(Knaap et al., 1982; Yoon et al., 1985), and mam- 
malian cells in culture (Amacher et al., 1980; 
Knaap et al., 1982). It also induces sister chro- 
matid exchanges (Table E3) but not unscheduled 
DNA synthesis in cultured mammalian cells 
(McGregor, 1981; Williams et al., 1982). Al-
though l ,2-epoxybutane can be clastogenic, as 
demonstrated by the induction of chromosomal 
aberrations in cultured Chinese hamster ovary 
cells treated in the absence of metabolic activa- 
tion (Table E4) and of translocations in Dro- 
sophila after feeding to adult males, i t  did not 
induce dominant lethal mutations in the germ 
cells of male r a t s  exposed by inha la t ion  
(McGregor, 1981). The negative dominant 
lethal result and the absence of sperm-head 

1,2-Epoxybutane, NTP TR 329 60 
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abnormalities in germ cells of male mice that 
were exposed to 1,2-epoxybutane by inhalation 
may indicate that the chemical did not reach the 
testis  in  amounts sufficient to produce a n  
observable effect. 

The mutagenicity of ethylene oxide (NTP, 1987; 
Embree and Hine, 1975; Pfeiffer and Dunkle- 
berg, 1980) and propylene oxide (NTP,1985; 
Canter et al., 1986), structural analogs of 1,2- 
epoxybutane, appears to be similar to that of 1,2- 
epoxybutane in that mutations are induced in 
the base-pair substitution strains TA100 and 
TA1535 of S. typhimurium in both the absence 
and presence of metabolic activation (Bootman 
et al., 1979; McMahon et al., 1979; De Flora, 
1981). 1,3-Butadiene induces mutations in 
strains TA100 and TA1535 but only in the pres- 
ence of metabolic activation (Wade et al., 1978). 

Data Audit 

The experimental and tabulated data for the 
NTP Technical Report on 1,2-epoxybutane were 

examined for accuracy, consistency, complete- 
ness, and compliance with Good Laboratory 
Practice regulations. As summarized in Appen- 
dix H, the audit revealed no discrepancies that 
influenced the final interpretation of the results 
of these studies. 

Conclusions: Under the conditions of these 
2-year inhalation studies, there was clear evi- 
dence of carcinogenic activity* of 192-epoxybu- 
tane for male F344/N rats, as shown by an  in- 
creased incidence of papillary adenomas of the 
nasal cavity, alveolarhronchiolar carcinomas 
and alveolarhronchiolar adenomas or carcino-
mas (combined). There was equivocal evidence of 
carcinogenic activity for female F344/N rats, as 
shown by the presence of papillary adenomas of 
the nasal cavity. There was no evidence of car-
cinogenic activity for male or female B6C3F1 
mice exposed a t  50 or 100 ppm. 1,2-Epoxybu-
tane exposure was associated with adenomatous 
hyperplasia and inflammatory lesions of the 
nasal cavity in rats and inflammatory lesions of 
the nasal cavity in mice. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 7. 

A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 10-11. 
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APPENDIX A 

SUMMARY OF LESIONS IN MALE RATS IN 

THE TWO-YEAR INHALATION STUDY OF 

1,2-EPOXYBUTANE 

TABLE Al  	 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF 1,2-EPOXYBUTANE 

TABLE A2 	 INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF 1,P-EPOXYBUTANE 

TABLE A3 	 ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF 19-EPOXYBUTANE 

TABLE A4a 	 HISTORICAL INCIDENCE OF NASAL CAVITY TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT 

TABLE A4b 	 HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN MALE F344/N 
RATS RECEIVING NO TREATMENT 

TABLE A4c 	 HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE F344/N 
RATS RECEIVING NO TREATMENT 

TABLE A4d 	 HISTORICAL INCIDENCE OF PREPUTIAL GLAND TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT 

TABLE A5 	 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS 
IN THE TWO-YEAR INHALATION STUDY OF 1,Z-EPOXYBUTANE 
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TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS I N  THE TWO-YEAR 
INHALATION STUDY OF 1,2-EPOXYBUTANE 

Chamber Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

Squamous cell papilloma 
Squamous cell carcinoma 
Basal cell tumor 
Keratoacanthoma 

*Subcutaneous tissue 
Fibroma 
Fibrosarcoma 
Osteosarcoma 
Neurofibrosarcoma 

*Skin 

RESPIRATORY SYSTEM 
*Nasal cavity 

#Lung
Papillary adenoma 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Sarcoma, NOS,metastatic 
Osteosarcoma 
Osteosarcoma, metastatic 
Chordoma, metastatic 
Neurilemoma, metastatic 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Spleen 
Leukemia, mononuclear cell 

Sarcoma, NOS 
Sarcoma, NOS,metastatic 
Leukemia, mononuclear cell 

Thymoma, benign 
#Thymus 

CIRCULATORY SYSTEM 
#Spleen

Hemangiosarcoma 
(50) (49) 

1 (2%) 

DIGESTIVE SYSTEM 
*Mouth 

#Liver
Squamous cell papilloma 

Neoplastic nodule 
Hepatocellular carcinoma 
Osteosarcoma, metastatic 

Acinar cell adenoma 

Sarcoma, NOS 
Leiomyosarcoma 

#Pancreas 

#Stomach 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF l$-EPOXYBUTANE (Continued) 

DIGESTIVE SYSTEM (Continued) 
#Small intestine 


Adenocarcinoma, NOS 

Leiomyosarcoma 


#Cecum 

Adenocarcinoma, NOS 


URINARY SYSTEM 
#Kidney

Tubular cell adenocarcinoma 
#Urinary bladder 

Transitional cell papilloma 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Adenoma, NOS 
#Anterior pituitary 


Carcinoma, NOS 

Adenoma, NOS 


#Adrenal 
Cortical adenoma 
Pheochromocytoma
Pheochromocytoma, malignant 

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

#Parathyroid 

Adenoma, NOS 


#Pancreatic islets 

Islet cell adenoma 


REPRODUCTIVE SYSTEM 
*Mammary gland 

Fibroadenoma 
*Preputial gland 

Carcinoma, NOS 
Squamous cell carcinoma 
Adenoma, NOS 

#Prostate 

Adenoma, NOS 


#Testis 

Interstitial cell tumor 


NERVOUS SYSTEM 
#Brain 

Osteosarcoma 

SPECIAL SENSE ORGANS 
*Eye

Neurilemoma, malignant 

Chamber Control 

(48)
1 

(48)
3 

23 
(50)

1 
16 

2 


(49) 

1 (2%)
4 (8%) 

(28) 

(47)
4 (9%) 

(50) 
2 (4%) 

(50) 
1 (2%) 

2 (4%) 
(47) 

(50)
39 (78%) 

(50) 

(50) 

Low Dose 

(10%) 
(44%) 

(2%) 
(37%) 

(45)
1 

2 
1 

(32) 

(50)
7 (14%) 

(50) 

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

(48) 
1 (2%) 

(50)
41 (82%) 

(50) 

High Dose 

(47) 
2 (4%) 

(47) 
2 (4%)

22 (47%) 
(48) 

2 (4%)
21 (44%) 

(45) 

(50) 

(50) 
3 (6%) 

5 (10%) 
(48) 

(49)
43 (88%) 

(50) 
1 (2%) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF 19-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Mediastinum 

Alveolar/bronchiolar carcinoma, invasive 
*Peritoneal cavity 

Sarcoma, NOS 
Osteosarcoma 

*Tunica vaginalis 
Mesothelioma, NOS 
Mesothelioma, malignant 

ALL OTHER SYSTEMS 
*Multiple organs 

Adenocarcinoma, NOS, metastatic 
Sarcoma, NOS, metastatic 
Neurofibrosarcoma, metastatic 

(50) 
1 (2%) 

(50) 

1 (2%) 

(50) 

1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
50 
2 

50 
5 

50 
8 

Moribund sacrifke 18 27 19 
Terminal sacrifice 30 18 23 

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 

50 
137 
46 
97 
31 
37 
2 
3 

49 
150 
47 

102 
38 
45 
1 
1 

48 
161 
48 

116 
33 
41 
7 
8 

Total uncertain tumors 
benign or malignant 3 

3 
3 
3 

4 
4 

* Number of animals receiving complete necropsy examination; 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 A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF 13-EPOXYBUTANE: CHAMBER CONTROL 

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

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

WEEKS ON 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 1 1 1 1 1 1 1 1 1 1  
STUDY 	 4 7 8 8 8 8 8 8 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0  

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

Skin . . . . . . . . . . . . . . . . . . . . . . . . .  

Keratoacanthoma X 


Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibroma X 

Fibrosarcoma 	 X 

RES-

Lungs and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Sarcoma, NOS,metastatic 	 X 
Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Bone marrow 	 + + + + - + + + + + + + + + + + + + + + + + + + A  
Spleen 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Sarcoma. NOS. metastatic 	 X 
~ e u k e m i a ,mononuclear cell 	 X 

L nphnodes 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Tzymus 	 + + + + - + - + + + - + + - + + + - - + + + + + +  

Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
-
N N N N N N N N N N N N N N N N N N N N N N N N N  

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

Liver 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Neoplastic nodule 	 X 
Bile duct 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancreas 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . 
E:r%r 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Leiomyosarcoma 	 X 
Small intestine 	 + + + + - + + + + 2 + + + + + + + + + + + + + + +  

Adenocarcinoma, NOS 	 A 
Lar e intestine 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Afenocarcinoma. NOS 	 X 

M 

Kidney 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Urinary bladder 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Transitional cell papilloma. 

M 

Pituitary


Carcinoma, NOS 

Adenoma, NOS 


Adrenal 

Cortical adenoma X 

Pheochromocytoma 	 x x x  X x x  
Pheochromaytoma, malignant 

Thyroid 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Follicular cell carcinoma 	 X 
C-cell adenoma 

Parathyroid 	 - - + + - - + + + + + + - + - + + + + + - - - + -
Pancreatic islets 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Islet cell adenoma 	 X X X 

Mammary gland I + + N + N N + + + N N N N + N + + N N + N N N N N l  

Fibroadenoma 


Testis + + + + + + + + + + + + + + + C Y + + + + + + + +
1Interstitial cell tumor 	 x x x x x x x x x x x x x x x x  
Prostate 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

PreputiaUclitoral gland 	 N N N N N N N N N N N N N N N N N N N N N N N N N  

Carcinoma NOS 
Adenoma, kOS 	 X 

Brain 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . 


S 

Multiple organs, NOS 	 N N N N N N N N N N N N N N N N N N N N N N N N N  

Adenocarcinoma. NOS,metastatic 
Leukemia, mononuclear cell 	 x x  x x x x x  x x x  x xl x 


+: Tissue examined microscopically 	 . No tissue information submitted -. Required tissue not examined micrnscopieally Ci Necropsy, no histology due to protocol 

Xi Tumor incidence A: Autolysis

N Necropsy. no autolysis, no microscopic examination M: Animal missing 

S: Animal missexed 	 B No necropsy performed 

@ Multiple occumnea of morphology 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS CHAMBER CONTROL 

NUMBER 


WEEKS ON 

STUDY 

skin 
Kwatoacanthoma 

Subcutaneous tissue 
Fibroma 
Fibrosarcoma 

Lunpr and bronchi 
Sarcoma. NOS,metastatic 

Trachea 

Bone marrow 
Spleen

Sarcoma NOS metastatic 
Leukemia,mohonuclear cell 

L mphnodes 
TKyrnus 

Heart 

Oral cavity 
Squamous cell papilloma 

Salivary gland 
Liver 

Neoplastic nodule 
Bile duct 
Pancreas 

Kidney
Urinary bladder 

Transitional cell papilloma 

Pituitary
Carcinoma, NOS 
Adenoma, NOS 

Adrenal 
Cortical adenoma 
Pheochromocytoma
Pheochromocytoma, malignant 

Thyroid
Follicular cell carcinoma 
C a l l  adenoma 

Parathy mid 
Pancreatic islets 

Islet cell adenoma 

Mammary gland 
Fibroadenoma 

Testis 
Intaratitial cell tumor 

Prostate 

PreputiaYclitoral gland 


Carcinoma. NOS 

Adenoma, NOS 

M 
Brain 

ES 
Peritoneum 


Sarcoma,NOS 

Tunica va 'nalis 


Mssothefoma. NOS 


Multiple organs, NOS 
Adenocarcinoma NOS metastatic 
Leukemia, m o n o h e i r  cell 

(Continued) 
0 0 0 0 0 0 0 0 0 0 
1 ~ 1 ~ ~ ~ ~ 1 1 2 2 2 2 3 3 3 ~ 3 3 4 4 40 0 0 0 0 0 0 0 0  

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

TOTAL: 
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 TISSUES 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMORS 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 


+ + + + + + + + + + + N + + + + + + + N + + + + + '50
1 


. . . . . . . . . . . . . . . . . . . . . . . . . *50

X 2 


1 


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

+ ' . +  + + + + + + + + + f + + + + + + + + + + + + 

~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49
- + + + + + + + + + - + + + - + + + - + + - + - - 37 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


N 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 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  50


X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . . 49

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

3


X x x  x x x  X x x x x  X 23 

......................... 50 


1 
x x  x x  x x x  X X 16

X X 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1


X x x 4
- - - + + + + - - + + - - - + + - - + + + + + - - 28 
. . . . . . . . . . . . . . . . . . . . . . . . .  41 

X 4 


N N N N N N + + N N + + + + N + N + + N N N N + +  $50
X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  50
x x x  x x x x x x x x x x x x x x x x x x x x  39 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 


N 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 1


X 2 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


N 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 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  $50 

1 


N 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 
1 
x x x x  x x x x  x x x  x 24 


4 4 5 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR
INHALATION STUDY OF 1,2-EPOXYBUTANE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell papiiloma
Basal cell tumor

Subcutaneous tissue
Fibroma
Neurofibrosarcoma

Lungs and bronchi
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Osteosarcoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Sarcoma, NOS
Leukemia, mouonuclear cell

Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Oral cavity

Squamous cell papiiloma
Salivary gland
Liver

Neoplastic nodule
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocytoma

Thyroid
Folhcular cell adenoma
C-cell adenoma
C cell carcinoma

Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate

Adenoma, NOS
Preputial/'chtoral gland

Carcinoma, NOS
Squamous cell carcinoma

NERVOUS SYSTEM
Brain

Osteosarcoma

BODY CAVITIES
Tunica vaginahs

Mesothehoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Neurofibrosarcoma, metastatic
Leukemia, mononuclear cell

01 0 01 0 01 A 01 01 01 0 01 0| 01 01 01 01 0 01 01 0 0 01 0
3 4 4 5 2 4 0 0 1 2 2 4 1 1 4 1  4 2 3 1 2 2 0
9| 3 9| 0 2| 4 4| 8| o| 3 0| 0 9| 2| 6\ 4| 2 6| 8| 6 5 4| 1

01 0 01 0 0| 0 01 01 0 01 01 01 01 01 0 01 01 01 0 0 0 0 T.
5 7 7 7 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 0
0| 3 6| 9 l| 1 3| 5| 5 5| 7| 9| fl| l| 1 4| 4| 5| 5 7 8 9 0

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

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

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

X  X X
X X X  X X

X X X X X X  X X

X
X

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

X

N + + + + + + +  + N + + N + + +NN + + + + +

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
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
X

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

0 0
2 2
1 9

1 1
0 0
0 0

+ +

+ +
X

X

+ +

+ +
+ +

N N

+ +
+ +

+ +

+
+ +
+ +
+ +

+ +

+ +

+ +

X

X
+ +

+ +

N N
+ +
X X

N N

+ +

X

+ +

N N

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

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell papilloma
Basal cell tumor

Subcutaneous tissue
Fibroma
Neurofibrosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Osteosarcoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Sarcoma, NOS
Leukemia, mononuclear cell

Lymph nodes
Thymus

CIKUUUATORY SYSTEM
Heart

DIUESTlVlil SYSTEM
Oral cavity

Squamous cell papilloma
Salivary gland
Liver

Neoplastic nodule
Bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Fheochromocytoma

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

Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate

Adenoma, NOS
Preputial/clitoral gland

Carcinoma, NOS
Squamous cell carcinoma

NERVOUS SYSTEM
Brain

Osteosarcoma

BODY CAvil'lES
Tunica vaginahs

Mesothehoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Neurofibrosarcoma, metastatic
Leukemia, mononuclear cell

15 01 01 01 0 "oT~oT~8| OroT 61 01 01 01 0 01 0
3 0 4 1 3 2 3 0 0 0 0 0 1  1 1  1 2
7 9| 5| 5\ 2 8| 3| 2| 3| s| 6J ?| l| 3| 7 &\ 7

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0| 1\ 2 3| 3| 4 4| 5 5| 5\ 5\ 5| 5| 5 5\ 5 5

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

X

X

X

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

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

X

01 0 01 01 01 01 01 0
3 3 3 3 3 4 4 4
o| i 4| s| e| i| 7| 8

0 0 0 0 0 0 0 0
5 5 5| 5| 5 5| 5| 5

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

+ 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
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

+ N + + + N 4 - N
H + + + + + + +

X X X X X X X
+ -*  + + + + + +

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

X X X X X X X X X

N N N N N N N N

X X X X  X X

TOTAL
TISSUES
TUMORS

•50
3
1

•50
4
1

50
1
1
1

47

49
50
1
1

48
36

50

•50
1

49
50

2
50
50
47
49
48
47

50
48

48
5

21
49
1

18
45
1
2
1

32
50
7

•50
50
41
48
1

•50
2
1

50
1

*50
1

'50
1

30

 Animals necropsied
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR
INHALATION STUDY OF 1,2-EPOXYBUTANE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Squamous cell carcinoma
Subcutaneous tissue

Fibroma
Osteosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Osteosarcoma, metastatic
Chordoma, metastatic
Neunlemoma, metastatic

Trachea
Nasal cavity

Papillary adenoma

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Hemangiosarcoma
Leukemia, mononuclear cell

Lymph nodes
Thymus

Thymoma, benign

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Neoplastic nodule
Hepatocellular carcinoma
Osteosarcoma, metastatic

Bile duct
Pancreas

Acinar cell adenoma
Esophagus
Stomacn

Sarcoma, NOS
Small intestine

Leioznyosarcoma
Large intestine

URINARY SYSTEM
Kidney

Tubular cell adenocarcinoma
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma
Pheochromocvtoma

Thyroid
C cell adenoma

Parathyroid
Adenoma, NOS

Pancreatic islets
Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate
Preputial/chtoral gland

Carcinoma, NOS
Adenoma, NOS

NERVOUS SYSTEM
Brain

SPECIAL SENSE GROANS
Eye

Neunlemoma, malignant

BODY CAVITIES
Mediastinum

Alveolar/bronchiolar carcinoma, invasive
Peritoneum

Osteosarcoma
Tunica vagmahs

MesotheTioma, NOS
Mesothehoma, malignant

ALL OTHER SYSTEMS
Multiple organs, NOS

Sarcoma, NOS, metastatic
Leukemia, mononuclear cell

01 01 01 01 0 01 0 0 01 0 0 0 0 01 01 0 01 0 0 01 01 0 01 01 0
2 2 3 3 1 0 4 4  1 4  3 3 2 2 5 1  1 0 1 3 0 1 3 3 4
4| 9| fl| 8| 1 6| 5 0 6| 8 7 9 6 7| 0| 8 3| 9 0 6| 4| 2 4| 2| 3

01 01 0 0 01 01 01 01 0 01 01 01 01 0 01 01 01 01 01 01 11 1 11 11 1
6 7 7 7 7 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0
4| s| S 5 B| 4J 8| 9| 1 2| 4| 4| s| 5 6| 7\ 6\ 9\ 9\ 9\ 0| 1 l| 2| 2

X

X

X X
X

X
X

X X  X X

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

+ + + + + + + + H- + + + + + + + + + + + + + + + +

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

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

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

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
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
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS HIGH DOSE 
(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 0 
NUMBER 0 2 0 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 4 4 4 4 4 4 

WEEKS ON
STUDY 

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

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  

1 1  1 1  1 1  1 
TOT&: 

TISSUES 
TUMORS 

3 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

M 
skin 

Subcutaneoustissue
Squamous cell carcinoma 

Fibroma 
Osteosarcoma 

. 

. 

X 

. 

. 

. 

. 
X 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. . 

. . 
X 

'50 
1 

'50 
3 
1 

Lung8 and bronchi 49 
Alvmolar/bronchiolar adenoma 1 
Alveolar/bronchiolar carcinoma 4 
Osteosarcoma, metastatic 2 
Chordoma, metastatic 2 
Neurilemoma, metastatic 1 

Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  48 
Naml cavity . . . . . . . . . . . . . . . . . . . . . . . . .  '50 

Papillary adenoma X X X 7 
.~ 

Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  47 . . . . . . . . . . . . . . . . . . . . . . . . .  49 
S%angiosarcoma X 1 

Leukemia, mononuclear cell X 1 

TKL mphnodes . . . . . . . . . . . . . . . . . . . . . . . . .  49 

mus + - - + - - - + + + + + + + + + + + + + - + + - +  38 

Tiymoma, benign X 1 

Heart . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Salivay gland . . . . . . . . . . . . . . . . . . . . . . . . .  46 
Liver . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Neoplastic nodule X X 2 
Hepatocellular carcinoma X 1 
Osteosarmma. metastatic X 1 

Bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  49 
Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Acinar cell adenoma 1 . . . . . . . . . . . . . . . . . . . . . . . . .  49
52kY . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Sarcoma, NOS 1 

Small intestine . . . . . . . . . . . . . . . . . . . . . . . . .  46 

Leiomyosarcoma X 1

Large intestine . . . . . . . . . . . . . . . . . . . . . . . . .  47 


Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  

Tubular call adenocarcinoma X 

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  

I I-

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

2 x x X@X x x X@X x x x x x x x  22 

Adrenal . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Cortical adenoma X 2 
Pheochromocytoma X x x x  x x x  x x  x x x x  21 

Th mid . . . . . . . . . . . . . . . . . . . . . . . . .  45 

&ell adenoma X X 3- + + + + + - + - - + + + + + + - + - - + - + + - 31 

1 . . . . . . . . . . . . . . . . . . . . . . . . .  48

X x x x  4 

I
Mammary gland + + + N + N N + N N  + N N + N + + + + + + N + N + '50
Tastis . . . . . . . . . . . . . . . . . . . . . . . . .  49

Interstitial cell tumor x x x x x x x x x x x  x x x  x x x x x  x x x  49
Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  48 
PreputiaVclitoral gland N 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 

Carcinoma NOS 3 
Adenoma, kOS X X 5 

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  
1-


Ei?eunlsmoma, malignant 

Mediastinum N N N N N N N N N N N N N N N N N N N N N N N N N  
Alveolar/bronchiolar carcinoma. inv X 

Pentoneum N N N N N N N N N N N N N N N N N N N N N N N N N  
Osteosarcoma 

Tunica va nahs . . . . . . . . . . . . . . . . . . . . . . . . .  

Mesothefoma. NOS X X 

Mesothelioma, malignant X
I 

Multiple o r y ;  NOS N N N N N N N N N N N N N N N N N N N N N N N N N  
Sarcoma. OS metastatic 
Leukemla, mononuclear cell x x  x x x X X x x x x  X 

'SO 
1 

'50 
1 

'50 
2 
1 

'SO 

1 

21 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF 14-EPOXYBUTANE 

Chamber Control 200 ppm 

Skin: Squamous Cell Papilloma 
Overall Rates (a) 0150 (0%) 3/50 (6%) 
Adjusted Rates (b) 0.0% 10.2% 
Terminal Rates (c) 0130 (0%) 1/18 (6%) 
Week of First Observation 81 
Life Table Tests (d) P=0.606 P=O.O87 
Incidental Tumor Testa (d) P=0.628 P =0.144 
Cochran-Armitage Trend Test (d) P=0.640 
Fisher Exact Test (d) P=0.121 

Skin: Squamous Cell Papilloma or  Carcinoma 
Overall Rates (a) 0150 (0%) 3/50 (6%) 
Adjusted Rates (b) 0.0% 10.2% 
Terminal Rates (c) 0130 (0%) 1/18 (6%) 
Week of First Observation 81 
Life Table Testa (d) P=0.351 P =0.087 
Incidental Tumor Testa (d) P=0.398 P =0.144 
Cochran-Armitage Trend Test (d) P=0.378 
Fisher Exact Test (d) P-0.121 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 2/50 (4%) 4/50 (8%) 
Adjusted Rates (b) 5.5% 18.8% 
Terminal Rates (c) 1/30 (3%) 3/18 (17%) 
Week of First Observation 87 89 
Life Table Testa (d) P =0.331 P-0.186 
Incidental Tumor Tests (d) P-0.268 P-0.244 
Cochran-Armitage Trend Test (d) P-0.417 
Fisher Exact Test (d) P-0.339 

Subcutaneous Tissue: Fibroma or  Fibrosarcoma 
Overall Rates (a) 3/50 (6%) 4/50 (8%)
Adjusted Rates (b) 7.4% 18.8% 
Terminal Rates (c) 1/30 (3%) 3/18 (17%) 
Week of First Observation 46 89 
Life Table Testa (d) P=0.487 P-0.334 
Incidental Tumor Tests (d) P=0.346 P =0.406 
Cochran-Armitage Trend Test (d) P =0.579 
Fisher Exact Test (d) P=0.500 

Subcutaneous Tissue: Fibroma, Fibrosarcoma, or Neurofibrosarcoma 
Overall Rates (a) 3/50 (6%) 5/50 (10%) 
Adjusted Rates (b) 7.4% 21.3% 
Terminal Rates (c) 1/30 (3%) 3/18 (17%) 
Week of First Observation 46 89 
Life Table Tests (d) P=0.488 P=0.214 
Incidental Tumor Tests (d) P =0.376 P=0.309 
Cochran-Armitage Trend Test (d) P=0.576 
Fisher Exact Test (d) P =0.357 

Nasal Cavity: Papillary Adenoma 
Overall Rates (a) 0150 (0%) 0150 (0%)
Adjusted Rates (b) 0.0% 0.0% 
Terminal Rates (c) 0130 (0%) 0118 (0%)
Week of First Observation 
Life Table Tests (d) P<0.001 (e)
Incidental Tumor Testa (d) P =0.002 (e)
Cochran-Armitage Trend Test (d) P=O.OOl 
Fisher Exact Test (d) (e) 

400 ppm 

0150 (0%)
0.0% 
0123 (0%) 

(e)
(e) 

(e) 

1/50 (2%) 
3.0% 
Of23 (0%)
99 
P=0.483 
P =0.606 

P =0.500 

3/50 (6%) 
10.8% 
2/23 (9%) 
89 
P =0.429 
P=0.344 

P=0.500 

3/50 (6%) 
10.8% 
2/23 (9%) 
89 
P =0.599 
P=0.344 

P =0.661N 

3/50 (6%)
10.8% 
2/23 (9%) 
89 
P =0.599 
P=0.344 

P =0.661N 

7/50 (14%) 

24.2% 

3/23 (13%) 

97 

P =0.005 

P =0.015 


P =0.006 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS I N  MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF l$-EPOXYBUTANE 

Chamber Control 

Lung: Alveolar/Bronc hiolar Carcinoma 
Overall Rates (a) 0150(0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0130(0%) 
Week ofFirst Observation 
Life Table Testa (d) P=0.022 
Incidental Tumor Testa (d) P=0.028 
Cochran-Armitage Trend Test (d) P=0.024 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 0150(0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0130 (0%)
Week ofFirst Observation 
Life Table Testa (d) P=0.013 
Incidental Tumor Testa (d) P=O.O19 
Cochran-Armitage Trend Test (d) P=0.015 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 25/50 (50%) 
Adjusted Rates (b) 61.5% 
Terminal Rates (c) 15/30 (50%) 
Week ofFirst Observation 86 
Life Table Testa (d) P=0.390 
Incidental Tumor Tests (d) P=0.376N 
Cochran-Armitage Trend Test (d) P=0.308N 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule o r  Hepatocellular Carcinoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.0% 
Terminal Rates (c) 1/30 (3%) 
Week of First Observation 102 
Life Table Tests (d) P=0.293 
Incidental Tumor Testa (d) P=0.333 
Cochran-Armitage Trend Test (d) P =0.398 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma 
Overall Rates (a) 23/48 (48%) 
Adjusted Rates (b) 62.2% 
Terminal Rates (c) 16/29(55%)
Week of First Observation 84 
Life Table Testa (d) P=0.290 
Incidental Tumor Testa (d) P=0.518N 
Cochran-Armitage Trend Test (d) P= 0.497N 
Fisher Exact Test (d) 

Pituitary Gland: Carcinoma 
Overall Rates (a) 3/48 (6%) 
Adjusted Rates (b) 7.5% 
Terminal Rates (c) 0129 (0%)
Week ofFirst Observation 86 
Life Table Testa (d) P=0.487N 
Incidental Tumor Testa (d) P=0.393N 
Cochran-Armitage Trend Test (d) P=0.431N 
Fisher Exact Test (d) 

(Continued) 

200 ppm 

1/50 (2%) 

5.6% 

1/16(6%)

105 

P=0.398 

P=0.398 


P=0.500 


2/50(4%)

8.9% 

1/16 (6%) 

100 

P=0.161 

P=0.234 


P=0.247 

31/50 (62%) 

79.6% 

11/18 (61%) 

76 

P=O.O11 

P=0.183 


P=0.157 


2/50 (4%) 
11.1% 
2/18(11%)
105 
P=0.510 
P=0.605 

P=0.691 

21/48 (44%) 
75.8% 
12/18 (67%) 
73 
P=0.159 
P=0.526 

P =0.419N 


5/48 (10%) 

17.8% 

2/18 (11%) 

79 

P=0.244 

P=0.484 


P=0.357 


400 Ppm 

4/49(8%)
13.5% 
2/23 (9%) 
95 
P=0.049 
P=0.077 

P=0.056 


5/49 (10%) 

17.6% 

3/23(13%)

95 

P=0.022 

P=0.036 


P=0.027 

22/50 (44%) 
62.5% 
11/23 (48%) 
84 
P=0.459 
P=0.452N 

P=0.345N 


3/49 (6%) 

13.0% 

3/23(13%)

105 

P=0.378 

P=0.450 

P=0.490 

22/47 (47%) 
68.8% 
14/23 (61%) 
64 
P=0.353 
P=0.519 

P=0.539N 

2/47 (4%) 

6.1% 

0123(0%)

94 

P=0.556N 

P=0.376N 

P=0.510N 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF l&EPOXYBUTANE (Continued) 

Chamber Control 

Pituitary Gland: 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) 

Adrenal Gland: Pheochromocytoma 
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) 

26/48 (54%) 
65.0% 
16/29 (55%) 
84 
P=0.341 
P=0.422N 
P=0.421N 

16/50 (32%) 
45.0% 
11/30 (37%) 
84 
P=0.057 
P=0.136 
P=0.137 

Adrenal Gland: Pheochromocytoma or Malignant Pheochromocytoma 
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: 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 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) 

Pancreatic Islets: Islet 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) 

17/50 (34%) 
47.9% 
12/30 (40%) 
84 
P=0.078 
P=0.183 
P= 0.188 

4/49(8%)
13.3% 
4/30 (13%) 
105 
P=0.558N 
P=0.549N 
P=0.460N 

4/49 (8%) 
13.3% 
4/30 (13%) 
105 
P=0.573N 
P=0.565N 
P=0.466N 

4/47 (9%) 

11.9% 

2/28 (7%) 

91 

P= 0.434 

P=0.543 

P=0.553N 


200 Ppm 400 Ppm 

26/48 (54%) 24/47 (51%) 
85.1% 70.7% 
14/18 (78%) 14/23 (61%) 
73 64 
P=0.077 P=0.411 
P=0.432 P= 0.51 1N 

P=0.581N P= 0.461N 

18/49 (37%) 21/48 (44%) 

58.1% 65.5% 

7/18 (39%) 13/23 (57%) 

83 75 

P=0.071 P=0.056 

P=0.334 P=0.155 


P=0.388 P=0.161 

18/49 (37%) 21/48 (44%) 
58.1% 65.5% 
7/18 (39%) 13/23 (57%) 
83 75 
P=0.094 P=0.078 
P=0.397 P=0.204 

P=0.470 P=0.217 

2/45 (4%) 3/45 (7%) 
8.0% 11.7% 
1/17 (6%) 2/22(9%)
83 97 
P=0.574N P=0.650N 
P=0.536N P=0.619N 

P=0.380N P=0.548N 

3/45 (7%) 3/45 (7%) 
13.B% 11.7% 
2/17 (12%) 2/22 (9%) 
83 97 
P=0.548 P=0.650N 
P=0.584 P=0.619N 

P=0.548N P=0.548N 

7/50 (14%) 4/48(8%)
32.2% 17.4% 
5/18 (28%) 4/23 (17%) 
76 105 
P=O.lOO P=0.540 
P=0.216 P=0.570 

P=0.299 P =0.631N 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR INHALATION 

Preputial Gland: 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) P=O.l18 
Fisher Exact Test (d) 

Preputial Gland: Carcinoma or Squamous 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) 


(Continued) 

200 ppm 400 ppm 

0/50 (0%) 5/50 (10%) 
0.0% 16.5% 
O/l8 (0%) 2/23 (9%) 

88 
P=0.311N P=0.163 
P =0.245N P=0.177 

P=0.247N P=0.218 

3/50 (6%) 3/50 (6%) 
8.9% 8.5% 
0/18 (0%) 0/23 (0%) 
91 92 
P =0.226 P=0.265 
P =0.391 P=0.331 

P =0.309 P=0.309 

Preputial Gland: Adenoma, Carcinoma, or Squamous 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) 


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) 

All Sites: Mesothelioma 
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) 

STUDY OF l&EPOXYBUTANE 

Chamber Control 

2/50 (4%) 
5.6% 
1/30 (3%) 
91 
P =0.095 
P =0.094 

1/50 (2%) 
3.3% 
1/30 (3%) 
105 
P=O.220 
P =0.271 
P=0.238 

3/50 (6%) 3/50 (6%) 8/50 (16%) 
8.9% 8.9% 23.7% 
2/30 (7%) 0118 (0%) 2/23 (9%) 
91 91 88 
P=0.050 P =0.532 P =0.070 
P =0.056 P =0.598N P =0.086 
P =0.061 

P=0.661 P=O.lOO 

39/50 (78%) 41/50 (82%) 43/49 (88%)
95.1% 95.2% 93.5% 
28/30 (93%) 16/18 (89%) 20123 (87%) 
84 81 75 
P=0.033 P =0.004 P=0.031 
P =0.078 P=0.154 P=0.131 
P =0.126 

P=0.401 P =0.154 

1/50 (2%) 1/50(2%) 3/50 (6%) 
2.2% 4.5% 12.3% 
0130 (0%) 0/18 (0%) 2/23 (9%) 
87 103 103 
P =0.153 P =0.699 P=0.235 
P=0.198 P=0.653N P=0.263 
P=0.202 

P =0.753N P =0.309 

(a)Number oftumor-bearing animals/number of animals examined a t  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 tests compare directly the overall incidence rates. A 
negative trend or lower incidence in a dosed group is indicated by (N).
(e)No P value is reported because no tumors were observed in the dosed and control groups. 
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TABLE A4a. HISTORICAL INCIDENCE OF NASAL CAVITY TUMORS IN MALE F344/N RATS RECEIVING 
NO TREATMENT (a) 

~~ ~~~~ 

No nasal cavity tumors have been observed in 249 chamber control male rats at Battelle Pacific Northwest Laboratories. 

Overall Historical Incidence in Untreated Controls 

No.Examined No, of Tumors Diagnosis 

1,977 1 Squamous cell papilloma 
1 Squamous cell carcinoma 

TOTAL 2 (0.1%) 

(a)Data as of August 30,1985, for studies of a t  least 104 weeks. No more than one tumor was observed in any untreated control 
group 

TABLE A4b. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

~~ 

Incidence in Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence in Chamber Controls a t  Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene
Dichloromethane 
Tetrachloroethylene 

0150 
0149 
0150 
1/50
1150 

2150 
1/49
1150 
0150 
0150 

2150 
1149 
1150 
1/50
1150 

TOTAL 
SD (b) 

21249 (0.8%) 
1.10% 

41249 (1.6%) 
1.68% 

61249 (2.4%) 
0.89% 

Range (c) 
High
Low 

1150 
0150 

2/50
0150 

2/50
1150 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD (b) 

2611,973 (1.3%) 
1.75% 

1411,973(0.7%)
1.41% 

3811,973 (1.9%) 
1.99% 

Range (c) 
High
Low 

3/49
0189 

3150 
0150 

3/49
0150 

(a)Data as of August 30,1985, 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 A4c. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 

Study Leukemia Lymphoma or  Leukemia 


Historical Incidence in Chamber Controls a t  Battelle Pacific Northwest Laboratories 

Propylene oxide 20/50 22/50 
Methyl methacrylate 19/50 20150 
Propylene 16/50 16/50
Dichloromethane 34/50 34/50 
Tetrachloroethylene 28/50 28/50 

TOTAL 117/250 (46.8%) 120/250 (48.0%) 

SD (b) 14.81% 14.14% 


Range (c)
High 34/50 34/50
LOW 16/50 16/50 

Overall Historical Incidence in Untreated Controls 

TOTAL 58311,977 (29.5%) 612/1,977 (31.0%) 

SD (b) 11.59% 11.80% 


Range (c) 
High 30150 30150 
LOW 5/50 5/50 

(a)Data as of August 30,1985,for studiesofa t  least 104weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35or more animals. 
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TABLE A4d. HISTORICAL INCIDENCE OF PREPUTIAL GLAND TUMORS IN MALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence in Chamber Controls at Battelle Pacific Northwest Laboratories 

(e)Includes two squamous cell carcinomas; eight adenocarcinomas, NOS,and two sebaceous adenocarcinomas 

Propylene oxide 
Methyl methacrylate 
Propylene
Dichloromethane 
Tetrachloroethylene 

0150 
3150 
0150 
0150 
1150 

0150 
2/50
0150 
3/50
2150 

0150 
5150 
0150 
3150 
3150 

TOTAL 
SD (b) 

41250 (1.6%) 
2.61% 

71250 (2.8%) 
2.68% 

111250 (4.4%) 
4.34% 

Range (c)
High
Low 

3/50
0150 

3/50
0150 

5/50
0150 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD (b) 

(d)5011,977(2.5%)
3.61% 

(e)6511,977(3.3%)
2.95% 

(d,e) 11511,977 (5.8%) 
4.44% 

Range ( c )
High 
Low 

8150 
0190 

5150 
0150 

8150 
0150 

(a)Data as of August 30,1985,for studies of at least 104 weeks 
(b)Standard deviation 
( c )Range and SD are presented for groups of 35 or more animals. 
(d) Includes one papillary adenoma and one cystadenoma 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF 12-EPOXYBUTANE 

Chamber Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
+Skin 

Epidermal inclusion cyst 
+Subcutaneous tissue 

Abscess, NOS 
Inflammation, chronic 

RESPIRATORY SYSTEM 

Hemorrhage
Inflammation, NOS 
Inflammation, serous 
Inflammation, suppurative 
Hyperostosis
Hyperplasia, epithelial 
Hyperplasia, adenomatous 
Metaplasia, squamous 

Inflammation, suppurative 
Hyperplasia, epithelial 

Inflammation, suppurative 
Hyperplasia, epithelial 

Inflammation, suppurative 
Fibrosis 
Hyperplasia, epithelial 

Foreign body, NOS 
Congestion, NOS 
Edema, NOS 
Hemorrhage
Inflammation, suppurative 
Inflammation, chronic focal 
Perivascular cuffing 
Pigmentation, NOS 
Hyperplasia, alveolar epithelium 
Metaplasia, osseous 
Histiocytosis 

+Nasal cavity 

+Larynx 

#Trachea 

#Lunghronchus 

#Lung 

(50) 

9 (18%) 
2 (4%)

10 (20%) 

8 (16%) 

4 (8%) 

15 (30%) 
2 (4%) 

2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(49) 

(50) 

(50) 

5 (10%) 

7 (14%) 
19 (38%) 
1 (2%)
5 (10%) 
2 (4%)

13 (26%) 

(50) 

36 (72%) 
28 (56%) 
37 (74%) 
2 (4%) 

38 (76%) 

22 (44%) 

8 (16%)
(50) 

(47) 
1 (2%) 

(50) 

(50) 

3 (6%) 
1 (2%) 
6 (12%) 

7 (14%) 
12 (24%) 

5 (10%) 
1 (2%)

10 (20%) 

(50) 
1 (2%)

42 (84%) 
36 (72%) 
49 (98%) 
11 (22%) 
46 (92%) 
5 (10%)

40 (80%) 

21 (42%) 
(50) 

(48) 
4 (8%)
2 (4%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

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

22 (45%) 

7 (14%) 
1 (2%)
9 (18%) 

(49) 

(49) 

~~ 

HEMATOPOIETIC SYSTEM 
#Bone marrow 

Fibrosis 
#Spleen

Accessory structure 
Inflammation, granulomatous focal 
Fibrosis 
Adhesion, fibrous 
Necrosis, NOS 
Hemosiderosis 
Hyperplasia, lymphoid 
Hematopoiesis

#Mandibular lymph node 
Inflammation, chronic 
Hyperplasia, NOS 
Erythrophagocytosis 

(48) 

(50) 

7 (14%) 

2 (4%) 

1 (2%) 

(49) 

2 (4%) 4 (8%) 

3 
(49)

1 
2 
1 

(2%) 
(12%) 

(6%) 

(2%) 
(4%) 
(2%) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF l,!&EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Thoracic lymph node 

Congestion, NOS 
Inflammation, chronic 
Hemosiderosis 
Hyperplasia, NOS 
Erythrophagocytosis

#Mesenteric lymph node 
Hyperplasia, NOS 

#Renal lymph node 
Hyperplasia, NOS 

Leukocytosis,NOS 
Hyperplasia, lymphoid 

Leukocytosis, NOS 
Hematopoiesis 

Leukocytosis, NOS 
Hematopoiesis 

#Lung 

#Liver 

#Adrenal (49) 

2 (4%) 

CIRCULATORY SYSTEM 
*Thoracic cavity 

Perivasculitis 
#Mandibular lymph node 

Lymphangiectasis 
#Renal lymph node 

Lymphangiectasis 
*Nasal cavity 

Thrombosis, NOS 
#Heart 

Thrombosis, NOS 
Inflammation, chronic 
Perivasculitis 
Hemosiderosis 

*Bloodvessel 
Aneurysm
Perivasculitis 
Hypertrophy, NOS 

Thrombosis, NOS 

Perivasculitis 

Perivasculitis 

#Liver 

#Pancreas 

#Testis 

(50) 

(49) 

(49) 

(50) 

(50) 
7 (14%) 

5 (10%) 
48 (96%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(47) 

(50) 
2 (4%) 

7 (14%) 

(50) 

DIGESTIVE SYSTEM 

Ulcer, NOS 
Inflammation, chronic 

#Salivary gland 
Inflammation, NOS 
Focal cellular change 
Atrophy, NOS 
Hyperplasia, epithelial 
Metaplasia, squamous 

*Mouth 
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TABLE AS, SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF 19-EPOXYBUTANE (Continued) 

DIGESTIVE SYSTEM (Continued) 
#Liver 

Inflammation, granulomatous focal 
Degeneration, NOS 
Degeneration, cystic 
Degeneration, lipoid 
Necrosis, NOS 
Pigmentation, NOS 
Cytoplasmic vacuolization 
Basophilic cyto change 
Hyperplasia, focal 
Angiectasis
Regeneration, NOS 

#Bile duct 

Hyperplasia, NOS 


#Pancreas 

Inflammation, NOS 

Atrophy, NOS 


#Pancreatic acinus 

Hyperplasia, NOS 


#Glandular stomach 

Hemorrhage

Inflammation, NOS 

Ulcer, NOS 

Inflammation, suppurative 

Erosion 

Fibrosis 


#Forestomach 

Inflammation, NOS 

Ulcer, NOS 

Inflammation, suppurative 

Hyperplasia, epithelial 

Hyperkeratosis


#Colon 

Parasitism 


#Cecum 

Parasitism 


+Rectum 

Parasitism 


URINARY SYSTEM 
#Kidney


Hydronephrosis

Hemorrhage 

Inflammation, suppurative 

Nephropathy

Hyperplasia, tubular cell 


#Kidney/pelvis

Inflammation, suppurative 

Hyperplasia, epithelial 


#Urinary bladder 
Calculus, unknown gross or micro 
Hemorrhage
Inflammation, suppurative 
Hyperplasia, epithelial 

Chamber Control 

(50)
11 (22%) 
1 (2%)
6 (12%) 

7 (14%) 

3 (6%) 

3 (6%) 

2 (4%)


25 (50%) 

8 (16%) 


1 (2%) 
(50)

30 (60%) 
(47)

1 (2%)
13 (28%) 

(47) 

(50) 


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

(50) 
4 (8%) 
4 (8%) 
1 (2%)
6 (12%) 

(48)
6 (13%) 

(48) 

(50)
5 (10%) 

(50) 


1 (2%) 

3 (6%)


48 (96%) 

1 (2%)


(50) 
3 (6%)
6 (12%) 

(49) 
1 (2%) 

3 (6%) 
3 (6%) 

Low Dose 

(50)
7 (14%) 
3 (6%)
3 (6%) 
4 (8%) 

3 (6%) 

2 (4%) 

3 (6%)


21 (42%) 

5 (10%) 

6 (12%) 

(50)

22 (44%) 

(50) 

20 (40%) 
(50) 


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

(49) 
4 (8%) 
3 (6%) 

7 (14%) 

(47)
12 (26%) 

(47) 
1 (2%)

(50)
5 (10%) 

(50) 


2 (4%)
49 (98%)
1 (2%)

(50)

1 (2%)
1 (2%) 

(48) 

2 (4%) 

High Dose 

(49)
5 (10%) 
2 (4%) 
6 (12%) 
4 (8%)
3 (6%) 

1 (2%)
23 (47%) 
8 (16%) 
4 (8%) 

(49)
18 (37%) 

(48) 

20 (42%) 
(48)

1 (2%) 
(49) 

1 (2%) 

(50) 

2 (4%) 

6 (12%) 
48 (96%) 

(50) 

2 (4%) 
(47) 

1 (2%)
1 (2%) 
2 (4%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF 19-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 
~~ ~~~ 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

#Anterior pituitary 
Degeneration, cystic 

Cyst, NOS 
Degeneration, cystic 
Hyperplasia, NOS 

Degeneration, NOS 
Degeneration, lipoid 
Necrosis, NOS 
Basophilic cyto change 

Focal cellular change 
Hyperplasia, NOS 

Hyperplasia, NOS 

Cyst, NOS 
Degeneration, cystic 
Hyperplasia, C-cell 

#Parathyroid
Hyperplasia, NOS 

#Pancreatic islets 
Hyperplasia, NOS 

#Adrenal 

#Adrenal cortex 

#Adrenal medulla 

#Thyroid 

(48) 

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

10 (21%) 
(50) 

14 (28%) 
1 (2%) 
1 (2%) 

1 (2%)
8 (16%) 

5 (10%) 

3 (6%)
21 (43%) 

4 (14%) 

5 (11%) 

(50) 

(50) 

(49) 

(28) 

(47) 

(49) 

(49) 

(45) 

1 (2%)
6 (12%) 

10 (20%) 

19 (42%) 

4 (13%) 

3 (6%) 

(32) 

(50) 

8 (17%) 
(48) 

12 (25%) 

(48) 

3 (6%) 

6 (13%) 

1 (2%) 
1 (2%)

15 (33%) 

4 (11%) 

I (2%) 

(48) 

(45) 

(37) 

(48) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Galactocele 
Hyperplasia, NOS 

*Preputial gland 
Dilatation, NOS 
Inflammation, suppurative 
Abscess, NOS 
Inflammation, chronic 
Hyperplasia, epithelial 

Inflammation, NOS 
Inflammation, suppurative 
Inflammation, chronic suppurative 
Hyperplasia, epithelial 

Inflammation, suppurative 

Atrophy, NOS 
Hyperplasia, interstitial cell 

Inflammation, suppurative 
Cytoplasmic change, NOS 

#Prostate 

*Seminal vesicle 

#Testis 

*Epididymis 

(50) 
1 (2%) 

11 (22%)
(50) 

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

5 (11%) 
1 (2%) 
2 (4%) 

3 (6%) 

35 (70%) 
7 (14%) 

1 (2%)
13 (26%) 

(47) 

(50) 

(50) 

(50) 

(50) 

20 (40%) 

2 (4%) 
8 (16%) 
3 (6%) 
1 (2%) 

1 (2%)
11. (23%) 

8 (17%) 

2 (4%) 

43 (86%) 
4 (8%) 

(50) 

(48) 

(50) 

(50) 

(50) 

16 (32%) 

(50) 

13 (26%) 
(50) 

7 (14%) 
2 (4%) 

1 (2%) 
(48) 

8 (17%) 
1 (2%)
5 (10%) 

7 (14%) 

42 (86%) 
2 (4%) 

10 (20%) 

(50) 

(49) 

(50) 

NERVOUS SYSTEM 
#Brain 

Hemorrhage
Perivascular cuffing 
Necrosis, NOS 

*Olfactory sensory epithelium 
Inflammation, suppurative 
Atrophy, NOS 

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

1 (2%)
(50) 

(50)
5 (10%) 

3 (6%) 

1 (2%)
(50) 

18 (36%) 

(50)
2 (4%) 

4 (8%)
(50) 

12 (24%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF 12-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

SPECIAL SENSE ORGANS 
*Eye

Degeneration, NOS 
*Lacrimal apparatus 

Inflammation, NOS 
Pigmentation, NOS 

*Nasolacrimal duct 
Hemorrhage
Inflammation, serous 
Inflammation, suppurative 

MUSCULOSKELETAL SYSTEM 
*Bone 

Cyst, NOS 
Fibrous osteodystrophy 

*Cartilage, NOS 
Necrosis, focal 

BODY CAVITIES 
+Peritoneal cavity 

Mineralization 
Necrosis, fat 
Hemosiderosis 

*Pericardium 
Inflammation, chronic 

Hyperplasia, mesothelial 
*Tunica vaginalis 

ALL OTHER SYSTEMS 
*Multiple organs 

Mineralization 
Inflammation, NOS 
Abscess, NOS 

(50) 
3 (6%) 

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

(50) 
3 (6%) 

1 (2%) 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE Bl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF l$-EPOXYBUTANE 

Chamber Control Low Dose High Dose 

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

INTEGUMENTARY SYSTEM 
+Skin 

Squamous cell papilloma 
*Subcutaneous tissue 

Fibroma 

(50) 

(50) 

Fibrosarcoma 
Neurilemoma 

RESPIRATORY SYSTEM 
+Nasal cavity 

Papillary adenoma 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Fibrosarcoma, metastatic 

#Lung 

HEMATOPOIETIC SYSTEM 
+Multiple organs 

#Spleen 

#Liver 

Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

#Thymus 
Leukemia, mononuclear cell 

Thymoma, malignant 

CIRCULATORY SYSTEM 
#Liver 

Hemangiosarcoma 
(50) 

DIGESTIVE SYSTEM 
+Tongue 

#Liver
Squamous cell papilloma 

Hepatocellular carcinoma 
Neurofibrosarcoma, metastatic 

#Pancreas 
Granulosa cell carcinoma, invasive 

#Forestomach 
Squamous cell papilloma 
Squamous cell carcinoma 

#Small intestine 
Leiomyoma 

URINARY SYSTEM 
#Kidney

Granulosa cell carcinoma, invasive 
Sarcoma, NOS 
Endometrial stromal sarcoma, metastatic 

Transitional cell papilloma 
#Urinary bladder 

(50) 

1 12%) 
(49) 

(48)
1 (2%) 

(47) 

(48) 

1 (2%) 

1 (2%)
(47) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF l&EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Adenoma, NOS 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

Cortical adenoma 
Pheochromocytoma 

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

#Parathyroid
Adenoma, NOS 

#Pancreatic i s l e t  
Islet cell adenoma 

#Adrenal 

#Thyroid 

(49) 

(49) 

(50) 

(45) 

1 (2%) 

6 (12%)
25 (51%) 

1 (2%)
4 (8%) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Adenoma, NOS 
Adenocarcinoma, NOS 
Fibroadenoma 

Carcinoma, NOS 
Papilloma, NOS 
Adenoma, NOS 

Sarcoma, NOS 
Fibroma 
Leiomyoma
Endometrial stromal polyp 
Endometrial stromal sarcoma 

Adenocarcinoma, NOS 
Thecoma 
Granulosa cell tumor 
Granulosa cell carcinoma 

*Clitoral gland 

#Uterus 

#Ovary 

1 (2%) 

1 (2%)
8 (16%) 

(50) 

NERVOUS SYSTEM 
#Brain 

Carcinoma, NOS, invasive 
Granular cell tumor, NOS 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Peritoneal cavity 

Fibrosarcoma, invasive 
Mesothelioma, malignant 
Neurofibrosarcoma 
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TABLE B1. SUMMARY O F  THE INCIDENCE O F  NEOPLASMS I N  FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF 1J-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

ALL OTHER SYSTEMS 
Perineum 

Fibroma 1 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
50 
2 

50 
8 

50 
4 

Moribund sacrifice 16 21 23 
Terminal sacrifice 32 21 22 
Accidentally killed, NOS 1 

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 

45 
103 
32 
59 
34 
43 
4 
4 

47 
108 
38 
62 
33 
46 
4 
5 

47 
112 
42 
74 
34 
37 
2 
3 

Total uncertain tumors 
benign or malignant 1 

1 
1 
1 

* Number of animals receiving complete necropsy examination; 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. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF l&EPOXYBUTANE: CHAMBER CONTROL 

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 
NUMBER 2 2 5 8 4 0 1 8 4 8 0 0 2 0 0 1 2 1 0 0 0 0 1 1 1 


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

WEEKS ON
STUDY 


M 

L u n p  and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  


Nveolarbronchiolar adenoma X 

Nveolarbronchiolar carcinoma X 


Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  


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

Thymus . . . . . . . . . . . . . . . . . . . . . . . . .  


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


Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . .  

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  


Hepatocellular carcinoma 
Neurofibrosarcoma metastatic 
Lukemia,  mononuhear cell X 


Bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  


+ + + + + + + + + + + + + + + + + + + + C f + + f 
:El:,, . . . . . . . . . . . . . . . . . . . . . . . . .  

Small intestine . . . . . . . . . . . . . . . . . . . . . . . . .  

Larp  intestine . . . . . . . . . . . . . . . . . . . . . . . . .  


Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  

Endometrial stromal sarcoma, metastatic X 


Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  


Pituitary . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma, NOS x x x X 

Adenoma, NOS I x  x x x x x x  X X 


Adrenal 
 . . . . . . . . . . . . . . . . . . . . . . . . . .  I
v
Cortical adenoma * 
Pheochromocytoma X X 


Th mid . . . . . . . . . . . . . . . . . . . . . . . . .  

&ell adenoma X 

C-cell carcinoma 

Parathyroid + + + , + + + + + - + + - - +  - + - - - - - + - -

Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  

Adenoma NOS I - 
Adenocarhnoma. NOS 
Fibroadenoma x x  x X x x 


PruputiaVclitoral land N N N N N N N N N N N N N N N N N N N N N N N N N  

Carcinoma. NO# X X 

Adenoma, NOS 

Uterus . . . . . . . . . . . . . . . . . . . . . . . . .  

Sarcoma, NOS X 

Fibroma 
Leiomyoma
Endometrial stromal polyp X x x 

Endometrial stromal sarcoma x x  


Ovary . . . . . . . . . . . . . . . . . . . . . . . . .  


Brain . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma, NOS,invasive X X 

Granular cell tumor, NOS X 


Peritoneum N N N N N N N N N N N N N N N N N N N N N N N N N  
Neurofibrosarcoma 

Multi le organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N N  
LeJemin. mononuclear cell x x x x  X x x x x x x x x x  x x 
1 


I 


+: Tissue examined microscopically . No tissue information submitted -. Required tissue not examined microscopically Cl Necropsy, no histology due to protocol
XI Tumor incidence k Autolysis
N Necropsy, no autolysis, no microscopic examination M Animal missing 
S: Animal missexed B No nacropsy pr fonned  
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TABLE BZ. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS CHAMBER CONTROL 

NUMBER 

WEEKS ON
STUDY 


L u n p  and bronchi 

Alveolar/bronchiolar adenoma 

Alveolar/bronchiolar carcinoma 


Trachea 

Bone marmw 

Spleen

L mphnodea

Tgymus 

Heart 

Salivary gland 
Liver 


Hepatocellular carcinoma 

Neurofibrosarcoma, metastatic 

Leukemia. mononuclear cell 


Bile duct 

Pancreas


::"e,,
Small intestine 

Large intestine 


Kidney
Endometrial stromal sarcoma.. meta 

Urinary bladder 

Pituitary

Carcinoma NOS 

Adenoma, fvOS 


Adrenal 

Cortical adenoma 

Pheochmmocytoma


Th mid 

&cell adenoma 

C-cell carcinoma 


Parathyroid 

Mammary gland 

Adenoma, NOS 

Adenocarcinoma, NOS 

Fibroadenoma 


PreputiaYclitoral gland 

Carcinoma, NOS 

Adenoma, NOS 

Uterus 

Sarcoma, NOS 

Fibroma 

Leiomyoma

Endometrial stromal polyp

Endometrial stromal sarcoma 


Ovary 

Brain 
Carcinoma, NOS,invasive 

Granular cell tumor, NOS 


Peritoneum 

Neumfibrosamoma 


h L  -
Multi le organa, NOS 


Ledemia,  mononuclear cell 


'Animals necropsied 
@ Multiple occurrence of morphology 

(Continued) 

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

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


I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l  

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

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 


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


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

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


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

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 


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


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


N 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 


rma:  
'lSSUES 
'UMORS 

50 

1 

1 


50 


49 

50 

49 

38 


50 


50 

50 

1 

1 

1 


50 

50 

49 

50 

49 

49 


50 

1 


49 


49 

6 


25 

50 

1 

4 


45 

3 

2 


24 


*50 

1 

1 


15 

*50 


2 

1 


49 

1 

1 

1 

5 

2 


49 


50 

2 

1 


'50 

1 


'50 

25 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF 1,2-EPOXYBUTANE: LOW DOSE 
10 0 0 0 0 0 0 0 0 0 0 0 0 0

NUMBER 	 1 2 3 0 2 3 4 4 1 1 1 1 1 3 0 3 0 0 1 4 5 3 4 0 2 
2 2 6 2 8 9 8 2 4 8 0 1 6 4 8 1 3 6 9 7 0 3 1 4 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 
0 3 4  ~ ~ 1 1 i  a 8 8 8  a 8 8  a ~ 9 9 9 9 9 9 9 9  
1 2 9 6 8 1 1 3 1 3 5 5 5 5 7 9 1 1 1 1 1 2 2 5 5 

skin 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Squamous cell papilloma X 

Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . .  
Fibroma X 

Lun and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  
Tracyea + A A + + + + + + + + + + + + + + + + + + + + + + 

Bone marrow 	 . . . . . . . . . . . . . . . . . . . . . . . . . 

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


S E X a i a ,  mononuclear cell X 

L mphncdes - + A + + + + + + + + + + + + + + + + + + + + + +  

T k m u s  + A A - + - + + + + + + + + + + + + + + + + + - + 


ymoma, malignant 	 X 
M 

Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N N  
Squamous cell papilloma 

Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . . 
Liver . . . . . . . . . . . . . . . . . . . . . . . . .  

Hemangiosarcoma X 
Leukemia, mononuclear cell 

Bile duct . . . . . . . . . . . . . . . . . . . . . . . . . 
Pancreas . . . . . . . . . . . . . . . . . . . . . . . . . 

Granulosa cell carcinoma, invasive X 
. . . . . . . . . . . . . . . . . . . . . . . . .
:;::Y 	 + A A + + + + + + + + + + + + + + + + + + + t + +  
. . . . . . . . . . . . . . . . . . . . . . . . . 


+ A A + + + + + + + + +  + + + + + - + + - + . + + +  

Kidney . . . . . . . . . . . . . . . . . . . . . . . . . 
Granulosa cell carcinoma, invasive X 

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . . 

EM 

Pituitary . . . . . . . . . . . . . . . . . . . . . . . . . 

Carcinoma NOS X X X X 
Adenoma, kOS 	 x x x  x x x  x X 

Adrenal 	 + A A + + + + + + + + + + + + + + + + + + + + + + 
Cortical adenoma 
Pheochromocvtoma X x x  X 

Thyroid + A A + + t + + + + + + + + + + + + + + t + + + +  
Follicular cell carcinoma 
C-cell adenoma 

C-C~I I 
carnnoma 

Parathyroid 	 - A A + + + +  + - + . - + - + - + + - + - + +  + - +  
Adenoma, NOS X 

Pancreatic islets . . . . . . . . . . . . . . . . . . . . . . . . . 
Islet cell adenoma 

Mammary gland 	 N N N N + + + + + + + + + + + + + + + + + + + + +  
Adenocarcinoma, NOS 	 X
Fibroadenoma X x x x  X

PreputiaYclitoral gland N N N N N N N N N N N N N N N N N N N N N N N N N  
Carnnoma NOS 	 X X
Adenoma, kOS X

Uterus . . . . . . . . . . . . . . . . . . . . . . . . . 
Endometnal stromal polyp 	 X X X 

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

7 X n o c a m n o m a ,  NOS X

Granulosa cell carcinoma X 
I 	 I 

Brain + A A + + + + + + + + + + + + + + + + + + + + + + 
Carcinoma, NOS,invasive X X X 

MS 

Multi le organs, NOS 	 N N N N N N N N N N N N N N N N N N N N N N N N N  

~ e d e m i a .mononuclear cell 	 X X x x X x x  x x
Perineum, NOS 

Fibroma 
I 	 I 
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TABLE B2, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS LOW DOSE 
(Continued) 

NUMBER 
0 
0 

0 
2 

0 
4 

0 
2 

0 
0 

0 
0 

0 
0 

0 
1 

0 
1 

0 
1 

0 
2 

0 
2 

0 
2 

0 
2 

0 
2 

0 
5 

0 
3 

0 
3 

0 
3 

0 
3 

0 
4 

0 
4 

0 
4 

0 
4 

0 
4 

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

WEEKS ON
STUDY 

0 
9 

0 
9 

1 1  
0 0 

1 1  
0 0 

1 1  
0 0 

1 1  
0 0 

1 
0 

1 
0 

1 1  
0 0 

1 1  
0 0 

1 
0 

1 
0 

1 1  
0 0 

1 1  
0 0 

1 1  
0 0 

1 
0 

TOTAL: 
TISSUES 
TUMORS 

9 9 0 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Skin . . . . . . . . . . . . . . . . . . . . . . . . .  *so 

Squamous cell papilloma 1 

Subcutaneoustiroue . . . . . . . . . . . . . . . . . . . . . . . . .  *so 

Fibroma 1 


Lun and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Tracyea . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Bone marmw . . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

S C B m i a ,  mononuclear cell X 2 
L mphnodes . . . . . . . . . . . . . . . . . . . . . . . . .  48
TZ: mu8 . . . . . . . . . . . . . . . . . . . . . . . . .  40 


Tlymoma, malignant 1 

Heart . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 


Oral cavity ( N  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 
Squamous cell papilloma X 1 

Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . .  48 
Liver . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Hemangiosamoma 1 
Leukemia, mononuclear cell X 1 

Bile...duct--.. . . . . . . . . . . . . . . . . . . . . . . . . .  49
~ 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Granulom cell carcinoma, invasive 1 . . . . . . . . . . . . . . . . . . . . . . . . .  49
Zlkr . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Small intestine . . . . . . . . . . . . . . . . . . . . . . . . .  46 

Leiomyoma X 1 

Large inteatine . . . . . . . . . . . . . . . . . . . . . . . . .  46 


Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  48 

CIranuloM call carcinoma. invasive 

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . . .  471 


Pituitary . . . . . . . . . . . . . . . . . . . . . . . . .  48 
Carcinoma. NOS X X x x 8 
Adenoma, NOS x x x x x x x x  x x x x  x x x  x x 26 

Adrenal . . . . . . . . . . . . . . . . . . . . . . . . .  48 
Cortical adenoma X X 2 
Pheochromocytoma 4 

Thyroid . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
Follicular cell carcinoma 1 1 
C.cell adenoma X X X X 4 
C-cell carcinoma x x X 3 

Parathyroid + - + + + - + + - + + + + + + + + - + + - + + + - 34 
Adenoma,,NOS 1 

Pancreatic islet8 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Islet cell adenoma X 1 

.-
Mammary gland *50+ + + + + + + + + + + + + + N t + t + + + + + + + XAdenocarcinoma. NOS 2 

Fibroadenoma X x x x  x x  X 12 
PreputiaYclitoral gland N 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 

Carcinoma, NOS X 3 
Adenoma, NOS X X 3 

U b N S  . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Endometrial stromal polyp X 4 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 
T Z o c a r c i n o m a  NOS 1 


Granulosa cell c&inoma 1 


Brain . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Carcinoma, NOS,invasive I 3 

S 

Multi le organa NOS N N N N N N N N N N N N N N N N N N N N N N N N N  

LeuEemia, mononuclear cell x x x x  x x x  x x x x  x x  
Perineum, NOS 

Fibroma X 

* Animals necropsied 
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TABLE B2. INDIVIDUAL ANIMAL TUMGR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
INHALATION STUDY OF 19-EPOXYBUTANE: HIGH DOSE 

WEEKS ON 	 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
STUDY 	 2 5 7 7 7 7 7 7 8 8 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 

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

Subcutaneous tissue 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Fibrosarcoma X 

Neurilemoma 


Lung8 and bronchi 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Alveolar/bronchiolar adenoma X 

Fibrosarcoma. metastatic X 


Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Nasal cavity 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Papillary adenoma 	 X X 

Bone marrow 	 A + + + - + + + + + + + + + + + + + + + + - + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

‘ I k e m i a ,  mononuclear cell 	 X 
L mphnodes 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

TKymua 	 + + + - - + + + + + + + + + + + + + + + - - - + +  

Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Salivary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Liver 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Bile duct 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancreas 	 . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . 
:“:kgus . . . . . . . . . . . . . . . . . . . . . . . . . 

Squamous cell papilloma 
Squamous cell carcinoma 

Small intestine . . . . . . . . . . . . . . . . . . . . . . . . . 

Large intestine . . . . . . . . . . . . . . . . . . . . . . . . . 


Kidney . . . . . . . . . . . . . . . . . . . . . . . . . 
Sarcoma, NOS 

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . . 
Transitional cell papilloma 

Pituitary 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma, NOS 	 X 
Adenoma. NOS 	 x ’ X  x x x  x x x x  x x  X 

Adrenal . . . . . . . . . . . . . . . . . . . . . . . . . 
Cortical adenoma X 
Pheoehromocytorna

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

C-cell adenoma 


Parathyroid 	 A - + - + + - + + + + + - - + - + + - + + + - + -
Pancreatic islets . . . . . . . . . . . . . . . . . . . . . . . . .  


Islet cell adenoma X 


EM 
Mammary gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Adenoma, NOS 
Adenocarcinoma. NOS 
Fibroadenoma 	 X x x x X 

PreputiaYclitoral land N N N N N N N N N N N N N N N N N N N N N N N N N  
Carcinoma NO% X 
Papilloma.’NOS

Uterus . . . . . . . . . . . . . . . . . . . . . . . . . 

Leiomyoma

Endometrial stromal polyp 	 X x x x  X . . . . . . . . . . . . . . . . . . . . . . . . .  


OvTZoma 

Granulosa cell tumor 

Granulosa cell carcinoma 


Brain 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Carcinoma. NOS,invasive 	 X 

BODY CA 
Peritoneum N N N N N N N N N N N N N N N N N N N N N N N N N  

Fibrosarcoma, invasive X 
Mesothelioma, malignant X 

Multi le organs, NOS 	 N N N N N N N N N N N N N N N N N N N N N N N N N  
~ e d e m i a ,mononuclear cell 	 x x x x  x x x  x x x  x x x  x 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 

NUMBER 

WEEKS ON
STUDY 


Subcutaneous tissue 
Fibrosarcoma 

Neurilemoma 


Liinga and bronchi 
Alveolar/bronchiolar adenoma 
Fibrosarcoma, metastatic 

Trachea 
Nasal cavity 

Papillary adenoma 

M 
Bone marrow 

SY.%emia, mononuclear cell 
L mphnodes
TKymue 

M 
Heart 

Salivary gland 
Liver 
Bile duct 
Pancreas 

:t%Y 
Squamous cell papilloma 
Squaplous cell carcinoma 

Small intestine 
Larga intestine 

Kidney
Sarcoma, NOS 

Urinary bladder 
Transitional cell pnpilloma 

Adrenal 
Cortical adenoma 
Pheochromocytoma

Thyroid
Follicular cell adenoma 
Follicular cell carcinoma 
Csell adenoma 

Parathyroid
Pancreatic islets 

Islet cell adenoma 

Mammary gland 
Menoma. NOS 
Menocamnoma, NOS 
Fibroadenoma 

PreputiaUchtoral gland 
Carcinoma, NOS 
Papilloma, NOS 

Utems 
Leiomyoma
Endometria1 stromal polyp 

Ovary
Thecoma 

Granulosa cell tumor 

Granulosa cell carcinoma 


Brain 
Carcinoma. NOS,invasive 

Paritoneurn- _.._
Fibrosarcoma. invasive 

Mesothelioma. malignant 


MS 
Multi le organs, NOS 

d e m i a ,  sononuclnar cell 

Animals necropsied 

(Continued) 
fl 
3 3 4 0 0 1 1 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 4 4 

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


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  

: 1 : 1 5 5 ;  5 5 : 5  5 : I 5  5 ; 5  5 5 1 5 1 5 :  5 5 5 5
Trl-
. . . . . . . . . . . . . . . . . . . . . . . . .  '50 


1 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  '50 

2 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  43 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

X 1 


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  40 

~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  48

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  47


X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

X X 3 
x x x x x x x x x  x x x x x x  x x x  x x  32 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


1 

X X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


X 2 

X 1


X 1
+ + + + - + - - + - + + + - + - - - + + + + + - +  31 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  '50

X X 2


X 1 
x x x  x x  x x x x  x X 16 

N 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 2

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49


X 1 

X X X 8 
. . . . . . . . . . . . . . . . . . . . . . . . .  50


X 1

X 1


X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 


N 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 

1 

1 


N 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 x  x x x  x X x x x  24 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF l$-EPOXYBUTANE 

Chamber Control mo Ppm 400 ppm 

Hematopoietic System: Mononuclear Cell Leukemia 
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 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) 

Pituitary 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) 

Pituitary Gland: Adenoma o r  Carcinoma 
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) 


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) 

26/50 (52%) 25/50 (50%) 25/50 (50%) 
58.7% 70.2% 62.3% 
14/32 (44%) 11/21 (52%) 8/22 (36%) 
79 68 76 
P=0.218 P =0.129 P=0.252 
P=0.390N P =0.420 P =0.449N 
P =0.460N 

P=0.500N P =0.5OON 

25/49 (51%) 26/48 (54%) 32/48 (67%) 
66.9% 77.3% 88.0% 
19/31 (61%) 14/21 (67%) 17/21 (81%) 
88 71 71 
P =0.005 P=0.051 P =0.005 
P=0.017 P =0.185 P=0.017 
P=0.073 

P =0.457 P =0.087 

6/49 (12%) 8/48 (17%) 3/48 (6%) 
13.7% 27.6% 12.4% 
1/31(3%) 4/21 (19%) 2/21 (10%) 
77 66 97 
P =0.372N P=0.202 P =0.365N 
P=0.174N P =0.546 P=0.138N 
P =0.226N 

P=0.371 P =0.254N 

31/49 (63%) 34/48 (71%) 35/48 (73%) 
73.0% 91.3% 94.2% 
20/3 1 (65%) 18/21 (86%) 19/21 (90%) 
77 66 71 
P=0.016 P=  0.016 P=O.O19 
P =0.069 P=0.140 P =0.096 
P=0.179 

P =  0.282 P=0.212 

4/50 (8%) 4/48 (8%) 2/48 (4%)
11.4% 10.4% 9.1% 
2/32 (6%) 0121 (0%) 2/22 (9%)
95 73 105 
P =0.404N P =0.464 P=0.499N 
P =0.269N P =  0.545N P=0.395N 
P =0.293N 

P=0.619 P =0.359N 

Thyroid Gland: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Week of First Observation 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Test (d) 


0145 (0%)
0.0% 

1/48 (2%) 
4.8% 

3/48 (6%) 
11.9% 

0129 (0%) 1/21 (5%) 
105 

2/22 (9%) 
97 

P =0.043 P =0.436 P =0.083 
P=0.059 P=0.436 P=0.115 
P =0.066 

P=0.516 P =0.133 

1,2-EpoxybutaneJNTP TR 329 104 



TABLE B3. ANALYSIS O F  PRIMARY TUMORS I N  FEMALE RATS IN THE TWO-YEAR INHALATION 
STUDY OF l,!&EPOXYBUTANE (Continued) 

Chamber Control 

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 Testa (d) 
Incidental Tumor Testa (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 ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

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 ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Mammary Gland: Adenoma or Adenocarcinoma 
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) 

3/45 (7%) 

10.3% 

3/29 (10%) 

105 

P=0.371N 

P=0.330N 

P=0.227N 


2/45 (4%) 
6.9% 
2/29 (7%) 
105 
P=0.288N 
P=0.288N 
P=0.184N 

5/45(11%)
17.2% 
5/29 (17%) 
105 
P=0.209N 
P=0.184N 
P=0.088N 

15/50 (30%) 
40.6% 
11/32 (34%) 
91 
P=0.156 
P=0.279 
P=0.456 

16/50 (32%) 

41.9% 

11/32 (34%) 

85 

P=O.110 

P=0.213 

P=0.372 


2/50 (4%) 

5.2% 

1/32 (3%) 

85 

P=0.293 

P= 0.327 

P=0.406 


200 ppm 

4/48(8%)

17.7% 

3/21 (14%) 

99 

P=0.326 

P=0.329 


P=0.536 


3/48 (6%) 
14.3% 
3/21 (14%) 
105 
P=0.353 
P=0.353 

P=0.531 


7/48 (15%) 

31.4% 

6/21 (29%) 

99 

P=0.171 

P=0.173 


P=0.426 

12/50 (24%) 
41.6% 
7/21 (33%) 
71 
P=0.425 
P=0.456N 

P=0.326N 


12/50 (24%) 
41.6% 
7/21(33%)
71 
P=0.506 
P=0.335N 

P=0.252N 


2/50 (4%) 

7.4% 

1/21 (5%) 

87 
P=0.582 
P= 0.643N 


P=0.691 


400 Ppm 

1/48 (2%) 

4.5% 

1/22 (5%) 

105 

P=0.407N 

P=0.407N 


P=0.284N 


0148(0%)

0.0% 

0122(0%) 


P=0.300N 
P=0.300N 

P=0.231N 


1/48 (2%) 
4.5% 
1/22 (5%) 
105 
P=0.172N 
P=0.172N 

P=0.088N 

16/50 (32%) 
53.4% 
9/22 (41%) 
92 
P=0.171 
P=0.312 

P=0.500 

18/50 (36%) 

58.8% 

10122 (45%) 

92 

P=O.119 

P=0.240 


P=0.417 


3/50 (6%) 

12.6% 

2/22 (9%) 

103 

P=0.369 
P=0.424 

P=0.500 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR INHALATION 
STUDY O F  14-EPOXYBUTANE (Continued) 

Chamber Control 200 Ppm 400 ppm 

Clitoral Gland: Adenoma 
Overall Rates (a)
Adjusted Rates (b) 
Terminal Rates (c)
Week of First Observation 

1/50 (2%) 
3.1% 
1/32 (3%) 
105 

3/50 (6%) 
12.9% 
2/21 (10%) 
95 

0150(0%)
0.0% 
0122(0%) 

Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.485N 
P=0.435N 
P=0.378N 

P=0.173 
P=0.172 

P=0.309 

P=0.575N 
P=0.575N 

P=0.500N 

Clitoral Gland: Adenoma or Papilloma
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%) 
3.1% 
1/32 (3%) 
105 
P=0.484 
P=0.530 
P=0.610 

3/50 (6%) 
12.9% 
2/21 (10%) 
95 
P=0.173 
P=0.172 

P=0.309 

1/50(2%)
4.5% 
1/22(5%)
106 
P30.676 
P-0.676 

P=0.753 

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) 

2/50 (4%) 
5.5% 
1/32 (3%) 
95 
P=0.488 
P=0.571 
P=0.594 

3/50 (6%) 
11.0% 
1/21 (5%)
91 
P=0.337 
P=0.416 

P=0.500 

2/50 (4%) 
7.1% 
1/22 (5%) 
92 
P=0.603 
P=0.653 

P=0.691 

Clitoral Gland: Adenoma, Papilloma, or Carcinoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 8,6% 
Terminal Rates (c) 2/32(6%)
Week ofFirst Observation 95 

6/50 (12%) 
23.0% 
3/21(14%)
91 

3/50 (6%) 
11.5% 
2/22 (9%) 
92 

Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d) 

P=0.411 
P=0.502 
P=0.573 

P=0.096 
P=0.120 

P=0.243 

P=0.524 
P=0.567 

P= 0.661 

Uterus: Endometrial Stromal Polyp
Overall Rates (a)
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 

5/49 (10%) 
13.2% 
2/32 (6%) 
85 

4/48 (8%) 
12.6% 
0121(0%)
85 

8/49 (16%) 
24.5% 
3/22 (14%) 
78 

Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.138 
P=0.239 
P=0.216 

P=0.578 
P=0.397N 

P-0.513N 

P=0.161 
P=0.299 

P=0.276 

Ovary: Thecoma, Granulosa Cell Tumor, or Carcinoma 
O\rerall Rates (a) 0149(0%) 

Terminal Rates (c) 0132(0%)
'WeekofFirst Observation 

Adjusted Rates (b) 0.0% 
1/48 (2%) 
2.2% 
0121(0%)
71 

3/50 (6%) 
13.6% 
3/22 (14%) 
105 

Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.039 
P =0.056 
P=0.063 

P=0.479 
Pr0.682 

P=0.495 

P=0.063 
P=0.063 

P=0.125 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR INHALATION 
STUDY O F  1,2-EPOXYBUTANE (Continued) 

(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 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 tests compare directly the overall incidence rates. A 
negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE B4a. HISIBRICAL INCIDENCE OF NASAL CAVITY TUMORS IN FEM-LE F344/N RATS 
RECEIVING NO TREATMENT (a) 

No nasal cavity tumors have been observed in 247 chamber control fen, . a b  a t  Battelle Pacific Northwest Laboratories. 

Overall Historical Incidence in Untreated Controls 

No. Examined No. of Tumors Diagnosis 

2,021 1 Papilloma, NOS 

TOTAL 1(0.05%) 

(a)Data as of August 30,1985, for studies of at least 104 weeks. No more than one tumor was observed in any untreated control 
group. 

TABLE B4b. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE F344/N RATS 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence in Chamber Controls a t  Battelle Pacific Northwest Laboratories 

Propylene oxide 25/48 014n 25/48
Methyl methacrylate 30150 1/50 31/50
Propylene 18/44 1/44 19/44
Dichlorornethane 24/49 1/49 25/49 
Tetrachloroethylene 19/50 4/50 23/50 

TOTAL 1181241 (48.1%) 7/241 (2.9%) 123/241(51.0%) 
SD (b) 8.83% 3.01% 7.21% 

Range (c) 
High 30150 4/50 3 1/50 
Low 19/50 0/48 19/44 

Overall Historical Incidence in Untreated Controls 

TOTAL (d) 862/1,952 (44.2%) (e) 71/1,95:! (3.6%) (d,e) 931/1,952 (47.7%) 
SD (b) 11.56% 3.97% 11.02% 

Range (c)
High 33/47 8/49 33/47 
LOW 7/39 0150 9/39 

(a)Data asof August 30,1985, for studies of a t  least 104 weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35 or more animals. 
(d)Includes 150 chromophobe adenomas 
(e)Includes 2 adenocarcinomas, NOS,and 11 chromophobe carcinomas 
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TABLE B4c. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN FEMALE 
F344M RATS RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Study Adenoma Carcinoma Adenoma or Carcinoma 

~~ ~ ~~ 

Historical Incidence in Chamber Controls a t  Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene
Dichloromethane 

0145 
1148 
0139 
0147 

0145 
1148 
1139 
0147 

0145 
2148 
1/39 
0147 

Tetrachloroethylene 0146 0146 0146 

TOTAL 
SD(b) 

11225 (0.4%) 
0.93% 

21225 (0.9%) 
1.28% 

31225 (1.3%) 
1.93% 

Range (c)
High 
LOW 

1148 
0147 

1/39 
0147 

2/48 
0147 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD(b) 

(d) 1311,952 (0.7%) 
1.11% 

(e)711,952 (0.4%) 
0.78% 

(d,e)2011,952 (1.0%) 
1.34% 

Range (c) 
High 
LOW 

2/42 
0150 

1/47 
0/86 

2/42 
0150 

(a)Data as of August 30,1985, for studiesof a t  least 104 weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35 or more animals. 
(d)Includes one papillary adenoma, one cystadenoma, and one papillary cystadenoma 
(e)Includes one papillary carcinoma and one papillary cystadenocarcinoma 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF 13-EPOXYBUTANE 

Chamber Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

60 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Ulcer, NOS 
Inflammation, suppurative 
Acanthosis 

Inflammation, chronic 
Metaplasia, osseous 

*Subcutaneous tissue 

RESPIRATORY SYSTEM 

Inflammation, NOS 
Inflammation, serous 
Inflammation, suppurative 
Hyperostosis
Hyperplasia, epithelial 
Hyperplasia, adenomatous 
Metaplasia, squamous 

Inflammation, NOS 

Inflammation, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 
Metaplasia, squamous 

Inflammation, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 

Inflammation, suppurative 
Hyperplasia, epithelial 

Foreign body, NOS 
Congestion,NOS 
Hemorrhage
Inflammation, interstitial 
Inflammation, suppurative 
Inflammation, chronic focal 
Inflammation, granulomatous 
Fibrosis 
Perivascular cuffing 
Hemosiderosis 
Hyperplasia, alveolar epithelium 
Histiocytosis 

*Nasal cavity 

*Nose 

*Larynx 

#Trachea 

#Lunghronchus 

#Lung 

(50)
25 (50%) 

6 (12%) 

5 (10%) 

1 (2%) 

1 (2%)
(50) 

(50) 

8 (16%) 
3 (6%) 

(50) 

(50) 

(50) 

22 (44%) 

2 (4%) 
3 (6%) 

(50) 
32 (64%) 
18 (36%) 
26 (52%)
2 (4%) 

29 (58%) 

14 (28%) 
(50) 

(50) 
1 (2%)

14 (28%) 
3 (6%) 

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

1 (2%) 

2 (4%)
4 (8%) 

(48) 

(49) 

(49) 

2 (4%) 

1 (2%)
20 (41%) 
1 (2%)
5 (10%) 
9 (18%) 

(50)
43 (86%) 
31 (62%)
45 (90%) 
16 (32%) 
40 (80%) 

2 (4%) 
36 (72%) 
(50) 

(50) 

HEMATOPOIETIC SYSTEM 
#Bone marrow 

#Spleen 
Fibrosis 

Hematoma, NOS 
Inflammation granulomatous focal 
Fibrosis 
Adhesion, fibrous 
Hemosiderosis 
Hematopoiesis 

(49) 

(50) 

1 (2%) 

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

5 (10%) 

3 (6%) 
1 (2%) 

2 (4%)
3 (6%) 
2 (4%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF l$-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Mandibular lymph node 


Inflammation, chronic 

Hyperplasia, NOS 


#Thoracic lymph node 

Congestion,NOS 

Inflammation, chronic 

Hemosiderosis 

Hyperplasia, NOS 


#Renal lymph node (49)

Congestion,NOS 

Inflammation, granulomatous focal 

Pigmentation, NOS 

Hyperplasia, NOS 


#Lung (50)
Leukocytosis, NOS 
Erythrophagocytosis
Hyperplasia, lymphoid 

#Liver 

Hematopoiesis


#Cecum 

Hyperplasia, lymphoid 


#Adrenal 

Hematopoiesis


#Thymus 

Hyperplasia, epithelial 


CIRCULATORY SYSTEM 
#Brain (50)

Thrombosis,NOS 
*Nasal cavity (50)

Thrombosis,NOS 3 (6%)
#Heart (50)


Thrombosis, NOS 1 (2%)

Inflammation, NOS 

Inflammation, chronic 40 (80%) 


*Blood vessel (50)

Aneurysm

Perivasculitis 


#Liver 

Thrombosis, NOS 


#Pancreas 

Perivasculitis 


#Kidney

Thrombosis,NOS 


#Uterus 

Perivasculitis 


#Adrenal 

Thrombosis,NOS 


DIGESTIVE SYSTEM 
'Mouth 

Inflammation, chronic 
*Tongue

Epidermal inclusion cyst 
'Tooth 

Congenital malformation, NOS 
#Salivary gland


Hyperplasia, NOS 

Hyperplasia, epithelial 

Metaplasia, squamous 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF 14-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Liver 

Congestion, NOS 
Hemorrhage
Inflammation, chronic 
Inflammation, granulomatous focal 
Degeneration, NOS 
Degeneration, lipoid 
Necrosis, NOS 
Pigmentation, NOS 
Cytoplasmic vacuolization 
Basophilic cyto change
Hyperplasia, focal 
Angiectasis
Regeneration, NOS 

#Liver/periportal
Inflammation, NOS 

#Bile duct 
Hyperplasia, NOS 

#Pancreas 
Pigmentation, NOS 
Focal cellular change 
Atrophy, NOS 

#Glandular stomach 
Epidermal inclusion cyst 
Hemorrhage
Inflammation, NOS 
Ulcer, NOS 
Inflammation, suppurative 
Erosion 

#Forestomach 
Edema, NOS 
Hemorrhage
Inflammation, NOS 
Ulcer, NOS 
Inflammation, suppurative 
Hyperplasia, epithelial 

Parasitism 

Parasitism 

Parasitism 

#Jejunum 

#Colon 

*Rectum 

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

27 (54%) 

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

33 (66%) 
3 (6%) 
1 (2%) 

1 (2%) 

7 (14%) 

1 (2%) 
2 (4%)

14 (28%) 

(50) 

(60) 

(50) 

(50) 

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

(49) 

(49) 

(50) 
6 (12%) 

5 (10%) 

(49) 

1 (2%)
20 (41%) 
1 (2%) 

11 (22%) 
3 (6%) 
1 (2%)
1 (2%)

27 (55%) 

1 (2%) 
1 (2%) 

1 (2%) 

11 (22%) 

2 (4%) 
12 (24%) 

1 (2%) 

(49) 

(49) 

(49) 

(48) 

4 (8%)
3 (6%) 

5 (10%) 
(46) 

12 (24%) 
4 (8%) 
9 (18%) 
1 (2%) 
1 (2%) 
1 (2%) 

21 (42%) 
2 (4%) 
4 (8%) 

(50) 

(50) 

(49) 
9 (18%) 

12 (24%) 
(49) 

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

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

1 (2%) 

9 (20%) 

5 (10%) 

(49) 

(46) 

(46) 

(50) 

URINARY SYSTEM 
#Kidney

Hydronephrosis
Nephropathy
Infarct, NOS 
Hyperplasia, tubular cell 

# Kidney/pelvis
Hyperplasia, epithelial 

#Urinary bladder 
Calculus, microscopic examination 
Hyperplasia, epithelial 

(50) 

48 (96%) 

(50) 

(49) 

(48) 

46 (96%) 

1 (2%) 

1 (2%)
(48) 

(47) 

(48) 
1 (2%) 

1 (2%) 
43 (90%) 

(48) 

(47) 
1 (2%) 
2 (4%) 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF l&EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

ENDOCRINE SYSTEM 

Cyst, NOS 
Degeneration, cystic 
Hyperplasia, NOS 

Inflammation, granulomatous focal 
Degeneration, cystic 
Degeneration, lipoid 
Necrosis, NOS 
Pigmentation, NOS 

Focal cellular change 
Hyperplasia, NOS 
Angiectasis

#Adrenal medulla 
Hyperplasia, NOS 

#Thyroid
Inflammation, NOS 
Hyperplasia, C-cell 

Hyperplasia, NOS 

#Anterior pituitary 

#Adrenal 

#Adrenal cortex 

#Parathyroid 

(49) 
1 (2%)

16 (33%) 
10 (20%) 

2 (4%) 

22 (44%) 
1 (2%) 
1 (2%) 

9 (18%) 
1 (2%) 

5 (10%) 

24 (53%) 

1 (4%) 

(50) 

(50) 

(50) 

(45) 

(24) 

(48) 
1 (2%)
9 (19%)
7 (15%) 

(48) 

24 (50%) 
1 (2%) 

1 (2%) 
9 (19%) 

(48) 

(48) 

(48) 

(34) 

7 (15%) 

1 (2%)
25 (52%) 

1 (3%) 

(48) 

10 (21%) 
4 (8%) 

1 (2%)
28 (58%) 
1 (2%) 

(48) 

(48) 

8 (17%) 

(48) 

(48) 

(31) 

6 (13%) 

24 (50%) 

3 (10%) 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Galactocele 
Inflammation, suppurative 
Inflammation, chronic 
Inflammation, granulomatous focal 
Hyperplasia, NOS 

*Clitoral gland 
Cyst, NOS 
Inflammation, suppurative 
Abscess, NOS 
Inflammation, chronic 
Hyperplasia, epithelial 

Dilatation, NOS 
Hemorrhage
Inflammation, suppurative 

Hyperplasia, NOS 
Hyperplasia, cystic 

Cyst, NOS 
Atrophy, NOS 

#Uterus 

XUteruslendometrium 

#Ovary 

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

45 (90%) 

1 (2%)
7 (14%) 
3 (6%) 
1 (2%) 

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

2 (4%) 
1 (2%) 

2 (4%)
5 (10%) 

(50) 

(49) 

(49) 

(49) 

3 (6%)
40 (80%) 

(50) 

6 (12%) 
3 (6%) 
3 (6%) 
1 (2%) 

1 (2%) 
(48) 

(48) 

(48) 
1 (2%) 

3 (6%)
7 (15%) 

(50) 

48 (96%) 
(50) 

3 (6%) 
5 (10%) 

2 (4%) 

1 (2%) 
1 (2%) 

3 (6%) 

1 (2%)
6 (12%) 

(49) 

(49) 

(50) 

NERVOUS SYSTEM 
#Brain 

Hemorrhage
Inflammation, NOS 
Necrosis, NOS 

*Olfactory sensory epithelium 
Inflammation, suppurative 
Atrophy, NOS 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR INHALATION STUDY OF 14-EPOXYBUTANE (Continued) 

~~ 

Chamber Control Low Dose High Dose 

SPECIAL SENSE ORGANS 
*Eyeball, tunica fibrosa 

Mineralization 
*Eyehetina

Atrophy, NOS 
*Eye/crystalline lens 


Mineralization 

Degeneration, NOS 


*Lacrimal apparatus 

Inflammation, NOS 

Inflammation, chronic 

Pigmentation, NOS 

Metaplasia, squamous 


*Nasolacrimal duct 
Inflammation, suppurative 

*Ear 
Inflammation, chronic 

MUSCULOSKELETAL SYSTEM 
*Bone 


Epidermal inclusion cyst 

Inflammation, NOS 

Inflammation, chronic 

Fibrous osteodystrophy 

Hyperostosis


*Sternum 

Inflammation, NOS 


BODY CAVITIES 
*Peritoneal cavity 

Necrosis, fat 

ALL OTHER SYSTEMS 
*Multiple organs 


Mineralization 

Hyperplasia, mesothelial 


Foot 
Hemorrhage 
Inflammation, acute/chronic 

Adipose tissue 
Inflammation, suppurative 
Fibrosis 

SPECIAL MORPHOLOGY SUMMARY 
Autohecropsyhisto performed 

(50) 


(50)

3 (6%) 

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

(50) 
1 (2%) 

(50)

7 (14%) 

(50) 


(50) 


1 
1 

(50) 


(50) 
1 (2%)

(50) 


1 (2%)
(50) 

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

(50)
10 (20%)

(50)

1 (2%) 

1 

1 


2 

(50) 
1 (2%)

(50) 


(50) 


(50) 

1 (2%) 

(50)

6 (12%) 

(50) 


(50)
1 (2%) 

1 

1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF l&EPOXYBUTANE 

Chamber Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
49 
49 

50 
49 
49 

50 
50 
50 

INTEGUMENTARY SYSTEM 
None 

RESPIRATORY SYSTEM 
*Nasal cavity 

#Lung
Squamous cell papilloma 

Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

(49) 

(49) 
1 (2%)
7 (14%) 
5 (10%) 

(49) 

(49) 
1 (2%) 
2 (4%) 
7 (14%) 

(50) 

(50) 
1 (2%) 

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

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 

Hepatocellular carcinoma, metastatic 

Malignant lymphoma, NOS 

Malignant lymphoma, mixed type 

#Spleen 

#Lymph node 

#Mandibular lymph node 

(49) 

2 (4%)
3 (6%) 

(49) 

(40) 

(40) 

CIRCULATORY SYSTEM 
*Subcutaneous tissue 

Hemangiosarcoma
#Mesenteric lymph node 

Hemangioma
#Liver 

Hemangiosarcoma
#Urinary bladder 

Hemangioma 

DIGESTIVE SYSTEM 

Odontoma, NOS 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Squamous cell papilloma 

Adenocarcinoma, NOS 

"Tooth 

#Liver 

#Forestomach 

#Ileum 

(49) 

(49) 

(49) 

(49) 

4 (8%)
11 (22%) 

1 (2%) 

1 (2%) 

(49) 

(49) 
8 (16%) 
7 (14%) 

(49) 

(49) 

(50) 

(50) 
1 (2%) 

7 (14%) 
6 (12%) 

(50) 

(50) 
1 (2%) 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Adrenal (49) (48) (50)

Cortical carcinoma 1 (2%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF l$-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

ENDOCRINE SYSTEM (Continued) 
#Thyroid


Follicdar cell adenoma 

C-cell carcinoma 


#Pancreatic islets 

Islet cell adenoma 


REPRODUCTIVE SYSTEM 
None 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland 


Adenoma, NOS 

Papillary adenoma 


*Left ear 

Sarcoma, NOS 


MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 


Natural death 5 2 5 

Moribund sacrifice 4 1 12 

Terminal sacrifice 41 45 33 

Accidentally killed, nda 1 

Animal missexed 1 


TUMOR SUMMARY 
Totalanimals with primary tumors** 28 26 24 


Total primary tumors 40 37 30 

Total animals with benign tumors 16 16 13 


Total benign tumors 17 18 14 

Total animals with malignant tumors 18 17 14 


Total malignant tumors 23 19 15 

Total animals with secondary tumors## 1 1 2 


Total secondary tumors 1 2 2 

Total animals with tumors uncertain- 


benign or malignant 1 

Total uncertain tumors 1 


* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
## Secondary tumors: metastatic tumors or tumorsinvasive into an adjacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF l$-EPOXYBUTANE: CHAMBER CONTROL 

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

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

WEEKS ON 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
STUDY 0 2 8 7 8 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 3 3 5 5 5 7 9 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

Lungs and bronchi . . . . . . . . . . . . . . . . . . . . . . . . . 

Hepatocellular carcinoma, metastatic X 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma x x  X 

Trachea . . . . . . . . . . . . . . . . . . . . . . . . . 


Bone marrow A + + + + + + + + + + + + + + + + + + + + + + + +  
Spleen A + + + + + + + + + + + + + + + + + + + + + + + +  
L mphnodes A + - - - + + + + - - - - + - + + + + + + + + + +  

&emangioma x 
Thymus + + + + + + + + + + + - + + + +1 A  - + + - - - - -


CVLA-

Heart / A + + + + + + + + + + + + + + + + + + + + + + + +  

M 
Salivary gland A + + + + + + + + + + + + + + + + + + + + + + + +  
Liver A + + + + + + + + + + + + + + + + + + + + + + + +  

Hepatocellular adenoma 
He atocellular carcinoma x x x  x x x x x 

Bile xuct A + + + + + + + + + + + + + + + + + + + + + + + +  
Gallbladder & common bile duct A + + + N N + + N N N + + + + N N N + + + N + + +  
Pancreas A + + + + + + + + + + + + + + + + + + + + + + + +  

A + + + + + + - + + + + + + + + + + + + + + + + -%%,, A + + + + + + + + + + + + + + + + + + + + + + + +  
Squamoua cell papilloma 

Small intestine A + + + + + + + + + + + + + + + + + + + + + + + +  
Adenocarcinoma. NOS 

Large intestine A + + + + + + + + + + + + + + + + + + + + + + + +  

Kidney A + + + + + + + + + + + + + + + + + + + + + + + +  
Urinary bladder A + + + + + + + + + + + + + + + + + + + + + + + +  

A + + + + + + + + + + + + + + + + - + + + + + + -
A + + + + + + + + + + + + + + + + + + + + + + + +  
A + + + + + + + + + + + + - + + + + + + + + + + +  

C-cell carcinoma 
Parathyroid A + - - + - - - - + - - + - + - + - + - - - - - -

M 
Mammary gland A N N N N + + + N + N N N N + + + N N N N N + N N  
Testis . . . . . . . . . . . . . . . . . . . . . . . . . 
Prostate A + + + + + + + + + - + + + + + + + - + + + + + +  

Brain . . . . . . . . . . . . . . . . . . . . . . . . . 


GANS 

Harderian gland A N N N N N N N N N N N N N N N N N N N N N N N N  

Adenoma, NOS 
Papillary adenoma X 

~~S 

Multiple organs, NOS A N N N N N N N N N N N N N N N N N N N N N N N N  

Malignant lymphoma, histiocytic type X 
Malignant lymphoma, mixed type 

+: Tissue examined microscopically . NOtissue information submitted 
-: Required tissue not examined microscopically Ci Necropsy, no histology due to protocol 
X: Tumor incidence A: Autolysis
N: Necropsy no autolysis, no microscopic examin .ation M Animal missing 
S: Animal m'issexed B: NOnecropsy performed 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE;
(Continued)

CHAMBER CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes

Hemangioma
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine

Adenocarcinoma, NOS
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Adrenal
Thyroid

Folhcular cell adenoma
C*cell carcinoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Testis
Prostate

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS
Papillary adenoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

01 0 01 01 01 01 01 0 0
2 2 2 2 2 2 2 3 3
l| 2 3\ 5| 7J g| 9| 0 1

j 2 shl s| i i i i
+ + + + + + + + +

X X
X

+ -- + + + ---

01 01 01 0 0 01 01 01 01 0 01 01 0 01 01 0
3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5
3| 4| S| 6 7 8| 9| 0| 2| 4 5| 6| 7 8| 9| 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 4 1 4| 4 4| 4| 4| 4| 4 4 4 4 4| 4| 4 4

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
X X

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 N N

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

X X

TOTAL
TISSUES
TUMORS

49
1
7
5

49

49
49
40
1

31

49

49
49
4

11
49

*49
49
44
49
1

49
1

48

49
49

46
49
48
1
1

19

«49
49
47

49

•49
2
1

•49
2
3

* Animals necropaied
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF If-EPOXYBUTANE: LOW DOSE 

ANIMAL 

NUMBER 

WEEKS ON 
STUDY 


Lungs and bronchi 
Hepatocellular carcinoma metastatic 
Alveolar/bronchiolar adeloma 
Alveolar/bronchiolar carcinoma 

Trachea 

Bone marmw 
Spleen

Hepatocellular carcinoma, metastatic 
Lym hnodes 

Mayipnant lymphoma, mixed trpe
Thymus 

Heart 

Salivary gland . -
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangiosarcoma

Bile duct 
Gallbladder & common bile duct 
Pancreas!o%r 
Small intestine 
Large intestine 

Kidney
Urinary bladder 

Hemangioma 

Pituitary
Adrenal 
Thyroid

Follicular cell adenoma 
Parathyroid
Pancreatic islets 

Islet cell adenoma 

EM 
Mammary gland 
Testis 
Prostate 

Brain 

A N S  
Harderian gland 

Papillary adenoma 

MS 
Multiple organs NOS 

Malignant lymphoma, NOS 

a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

0 5 2 4 2 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2  

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


b 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 8 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
9 9 3 8 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

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

X 


X X 

X 

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


+ + + S + t + + + + + t + + + t + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

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


X 

+ + + s + + + + - - + + - - + + - + + + - - - + +  

~ ~~ -~ 

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


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


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

x x  x X
x x x x x  X


I 

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

+ + + S N + + + + + + + N + + + + + + + N + N + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + S + + + + + + t + + t + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


+ + + s + + + + + + + + + + + + + + + + + + + ,+ + 
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 

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


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


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

X X
+ - - s + - - - - - + + - - + - + + + - - - - - -

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

X 


N N + S N + N + N + N + + N N N N N N + N N N N N  

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

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


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


N N N S 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 S N N N N N N N N N N N N N N N N N N N N N  
X 


1,2-Epoxybutane,NTP TR 329 120 



_ _  

TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 

NUMBER 

WEEKS ON 
STUDY 

Lungn and bronchi 
Hepatocellular carcinoma, metas 

AIveolarhmnchiolar adenoma 

Alveolarbronchiolar carcinoma 


Trachea 


Bone m a m w
S leen 

PIepatoeellular carcinoma, metastatic 
Lym hnodes 

MaTignant lymphoma, mixed type 

Thymus 


Heart 

Salivary gland 

Liver 


Hepatocellular adenoma 
Heoatocehlar carcinoma 

Hekangiosarcoma


Bile duct 

Gallbladder k commonbile duct 

Pancreas


:::W 
Small intestine 
Larga intestine 

Kidney
Urinary bladder 


HemanOioma 


Pituitary

Mrenal  

Thyroid


Follicular cell adenoma 

Parathyroid

Pancreatic islets 


Islet cell adenoma 


Mammary gland 

Testis 

Prostate 


Brain 

Harderian gland 

Papillary adenoma 


Multiple organ8 NOS
s 

Malignant lydpphoma, NOS 

* Animals necropsied 

(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 0 

2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 

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


roTAL: 
i l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l  ISSUES 
0 0 P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  ZTMORS 
d 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

49 

1 

2


X x x x  X 7 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1
+ - + - - + - + + + + - + + - + - + + + + - + + - 32 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
x x x  X 8 

X 7 


X 2 

. . . . . . . . . . . . . . . . . . . . . . . . . 49 

+ + + + + + + + N + + N + N + + + + + + + + + + N '49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . . 48 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

X 3
- - - + + + + - - + - + + - + - - - + - + - + - +  20 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


1 


N N + N N + + N + + N N N + N + + + + + + + + + N  '49 . . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  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  *49
X X 3 


N N N N N N N N N N N N N N N N N N N N N N N N N  '49 
X 2 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF 13-EPOXYBUTANE: HIGH DOSE 

0 0 0  0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 
NUMBER 

WEEKS ON 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1  
STUDY 7 8 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0  

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

Subcutaneous tissue . . . . . . . . . . . . . . . . . . . . . . . . .  

Hemangiosarcoma 

EEBPIRATORY SYSTEM 
L u n p  and bronchi . . . . . . . . . . . . . . . . . . . . . . . . .  


Hepatocellular carcinoma, metastatic X X 
Alveolarhmnchiolar ads noma 

Alveolarhmnchiolar carcinoma X 


Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  

Nasal cavity . . . . . . . . . . . . . . . . . . . . . . . . .  


Squamous cell papilloma 

Bone marmw . . . . . . . . . . . . . . . . . . . . . . . . .  

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  

Lym hnodes . . . . . . . . . . . . . . . . . . . . . . . . .  


Mayipant lymphoma, NOS X 
Thymus - - + - + - + + - + - - - - - + - + + - + - - + +  

Heart . . . . . . . . . . . . . . . . . . . . . . . . .  


Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N N  
Odontoma, NOS 

Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Liver . . . . . . . . . . . . . . . . . . . . . . . . .I x


Hepatocellular adenoma x 
Hepatocellular carcinoma x x x x  X 

Bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  

Gallbladder k common bile duct + + + + + + + + N + N + N + + N + + + + + + N N f  
Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  


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

: t % r  . . . . . . . . . . . . . . . . . . . . . . . . .  


Squamous cell papilloma X 
Small intestine . . . . . . . . . . . . . . . . . . . . . . . . .  

Large intestine . . . . . . . . . . . . . . . . . . . . . . . . .  


Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  

Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  


~ ~~ 

Pituitary . . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal . . . . . . . . . . . . . . . . . . . . . . . . .  


Cortical carcinoma 
Thyroid . . . . . . . . . . . . . . . . . . . . . . . . .  

Parathyroid - - - - - + + + + + - + - - - + + - - + + - t + -

Mammary gland N N N N N N N N N N N + N N N + N N N N N N N N N  

Testis . . . . . . . . . . . . . . . . . . . . . . . . . 

Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  


Brain . . . . . . . . . . . . . . . . . . . . . . . . .  

A N S  


Harderian gland N N N N N N N N N N N N N N N N N N N N N N N N N  
Papillary adenoma x

Ear N N N N N N N N N N N N N N N N N N N N N N N N N  

Sarcoma, NOS 

Multiple organs NOS N N N N N N N N N N N N N N N N N N N N N N N N N  
Malignant lym'phoma, histiocytic type x 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 

A m i A L  
NUMBER 

WEEKS ON 
STUDY 

Subcutaneous tissue 
Hemangiosarcoma 

K F S P ~ T O ~ M
Lungs and bronchi 

Hepatocellular carcinoma, metastatic 
Alveolarbronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Trachea 
Nasal cavity

Squamous cell papilloma 

Bone marrow 
Spleen
Lym hnodes 

Mafignant lymphoma, NOS 
Thymus 

Heart 

Oral cavity 
Odontoma, NOS 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Bile duct 
Gallbladder Et common bile duct 
Pancreas 

%lr 
Squamous cell papilloma 

Small intestine 
Large intestine 

Kidney
Urinary bladder 

Pituitary
Adrenal 

Cortical carcinoma 
Thyroid
Parathyroid 

Mammary gland 
Testis 
Prostate 

Brain 

ANS 

Hardenan gland 

Papillary adenoma 

Ear 


Sarcoma,NOS 


Multiple organs NOS 
Malignant lygphoma. histiocytic type 

* Animals necropiied 

(Continued) 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

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

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


'OTAL: 
t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  ISSUES 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 UMORS 
L 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

~ ~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  '50

X 	 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2


R X  X 	 3

X X X 	 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  *50


X 	 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

1
- + + - + + - + + + - - + + + - + + - + - + + + - 27 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


N 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 
1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50


X X X X X X 	 7 

6 
. . . . . . . . . . . . . . . . . . . . . . . . .  50


N + N + N + + + + + + + + + + + + + + + + + + + +  '50 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  46 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 
. . . . . . . . . . . . . . . . . . . . . . . . .  so

X 	 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49
- + - - + - - - + + - + + - + - + - - - - - - + - 21 


N + N N N N + N N N N N N N + N N + N + N + + N N  '50 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  50 


N 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 2 


N N N N N N N c N N N N N N N N N N N N N N N N N  *50

X 	 1 


'50 
1 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF l$-EPOXYBUTANE 

Lung: AlveolarlSronc 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) 

Lung: AlveolarlSronc hiolar Carcinoma 
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) 

Chamber Control 

7/49 (14%) 
17.1% 
7/41 (17%) 
104 
P =0.149N 
P =0.149N 
P=0.094N 

5/49 (10%) 
11.3% 
3/41 (7%) 
85 
P=0.555N 
P=0.375N 
P=0.422N 

Lung: AlveolarlSronchiolar 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) 


11/49 (22%) 
25.3% 
9/41 (22%) 
85 
P =  0.215N 
P=0.121N 
P=O.l08N 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 7.3% 
Terminal Rates (c) 3/41 (7%) 
Week of First Observation 104 
Life Table Testa (d) P =0.075N 
Incidental Tumor Testa (d) P=0.075N 
Cochran-Armitage Trend Test (d) P=0.059N 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
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) 


5/49 (10%) 
11.9% 
4/41 (10%) 
99 
P=0.217N 
P =  0.109N 
P =  0.152N 

Circulatory System: Hemangioma or Hemangiosarcoma 
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) 


1/49 (2%) 
2.4% 
1/41 (2%)
104 
P =0.548 
P=0.597N 
P=0.602N 

50 Ppm 

2/49 (4%) 
4.4% 
2/45 (4%) 
104 
P =0.061N 
P=0.061N 

P=0.080N 

7/49 (14%) 
15.6% 
7/45 (16%) 
104 
P =0.440 
P =0.396 

P=0.380 

9/49(18%)
20.0% 
9/45 (20%) 
104 
P =0.322N 
P=0.355N 

P =  0.401N 

1/49(2%)
2.2% 
1/45 (2%) 
104 
P =0.273N 
P=0.273N 

P=0.309N 

3/49 (6%) 
6.5% 
2/45 (4%) 
100 
P =  0.31 1N 
P =  0.409N 

P=0.357N 

3/49 (6%) 
6.5% 
2/45 (4%) 
93 
P=0.336 
P=0.270 

P=0.309 

100 Ppm 

3/50 (6%)
9.1% 
3/33 (9%) 
104 
P=0,257N 
P=0.257N 

P=0.151N 

4/50 (8%)
11.5% 
3/33 (9%) 
98 
P=0.598N 
P=0.375N 

P=0.487N 

6/50 (12%) 
17.4% 
5/33 (15%) 
98 
P=0.262N 
P=0.137N 

P=0.133N 

0150 (0%)
0.0% 
0133 (0%) 

P =  0.162N 
P =0.162N 

P =0.117N 

2/50 (4%)
5.3% 
1/33 (3%) 
95 
P=0.301N 
P =0.186N 

P=0.210N 

1/50(2%) 
3.0% 
1/33 (3%) 
104 
P=0.713 
P=0.713 

P=0.747N 
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TABLE C3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF &!&EPOXYBUTANE (Continued) 

Chamber Control 

Liver: Hepatocellular Adenoma 
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c) 
Week ofFirst 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 ofFirst Observation 
Life Table Testa (d) 
Incidental Tumor Tests (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 ofFirst Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d)
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Harderian Gland: Papillary Adenoma 
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) 

4/49 (8%)
9.8% 
4/41 (10%) 
104 
P-0.115 
P=0.115 
P=0.238 

11/49 (22%) 
24.3% 
7/41 (17%) 
85 
P=0.191N 
P=O.Ol IN 
P =0.102N 

14/49 (29%) 
31.0% 
10141 (24%) 
85 
P=0.525 
P=0.178N 
P=0.344N 

1148 (2%)
2.5% 
1/40 (3%) 
104 
P =0.433N 
P=0.433N 
P=0.372N 

1/49(2%)
2.4% 
1/41(2%) 
104 
P=0.316 
P=0.316 
P =0.407 

Harderian Gland: Adenoma or  Papillary Adenoma 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 7.3% 
Terminal Rates (c) 3/41 (7%) 
Week ofFirst Observation 104 
Life Table Testa (d) P =0.507N 
Incidental Tumor Tests (d) P =0.507N 
Cochran-Armitage Trend Test (d) P =0.403N 
Fisher Exact Test (d) 

30 Ppm 

8/49 (16%) 

17.8% 

8/45 (18%)

104 

P=0.225 

P =0.225 


P=0.178 


7/49 (14%) 

15.2% 

6/45 (13%) 

100 

P =  0.176N 

P =  0.269N 


P=0.217N 


13/49 (27%) 

28.3% 

12/45 (27%) 

100 

P=0.401N 

P=0.528N 


P=0.500N 


3/48 (6%) 

6.8% 

3/44 (7%) 

104 

P=0.340 

P=0.340 


P=0.308 


3/49 (6%) 

6.7% 

3/45 (7%)

104 

P=0.339 

P =0.339 


P=0.309 


3/49 (6%) 

6.7% 

3/45 (7%) 

104 

P=0.619N 

P=0.619N 


P=0.661 


100 ppm 

7/50 (14%) 
21.2% 
7/33 (21%)
104 
P =0.149 
P=0.149 

P=0.274 

6/50 (12%) 
14.6% 
1/33 (3%) 
87 
P=0,245N 
P=O.OlON 

P =0.133N 

12/50 (24%) 
30.6% 
7/33 (21%) 
87 
P =0.568 
P =  0.184N 

P =0.387N 

0149 (0%)
0.0% 
0133 (0%) 

P =0.538N 
P =  0.538N 

P=0.495N 

2/50 (4%) 
6.1% 
2/33 (6%) 
104 
P=0.424 
P =0.424 

P=0.508 

2/50 (4%)
6.1% 
2/33 (6%) 
104 
P=0.599N 
P =0.599N 

P =0.490N 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF 12-EPOXYBUTANE (Continued) 

(a)Number oftumor-bearing animals/number of animals examined a t  the site 
(b)Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence at terminal kill 
(d) Beneath the 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 tests compare directly the overall incidence rates. A 
negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l$-EPOXYBUTANE 

Chamber Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
49 
49 

50 
49 
49 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin (49) (49) (50)

Epidermal inclusion cyst 1 (2%)
Inflammation, chronic 1 (2%)
Atrophy, NOS 11 (22%) 12 (24%) 6 (12%)

*Subcutaneous tissue (49) (49) (50)
Inflammation, chronic 2 (4%) 1 (2%) 

RESPIRATORY SYSTEM 
*Nasal cavity (49) (49) (50)

Empyema 32 (65%) 40 (80%)
Inflammation, chronic 33 (67%) 40 (80%)
Granulation tissue 1 (2%)
Erosion 7 (14%) 17 (34%)
Multinucleate giant cell 1 (2%)
Hyperplasia, epithelial 32 (65%) 45 (90%)
Metaplasia, squamous 1 (2%) 24 (49%) 41 (82%)
Regeneration, NOS 15 (31%) 17 (34%)

*Nasal gland (49) (49) (50)
Cyst, NOS 1 (2%) 6 (12%)
Hyperplasia, NOS 10 (20%) 24 (48%) 

*Larynx (49) (49) (50)
Inflammation, NOS 1 (2%)
Hyperplasia, epithelial 3 (6%) 

*Laryngeal submucosa (49) (49) (50)
Cyst,NOS 1 (2%) 4 (8%) 2 (4%)
Inflammation, NOS 3 (6%) 2 (4%)
Hyperplasia, NOS 1 (2%)

#Trachea (49) (49) (50)
Hyperplasia, epithelial 1 (2%) 3 (6%) 
Metaplasia, squamous 1 (2%)

#Tracheal submucosa (49) (49) (50)
Cyst, NOS 29 (59%) 36 (73%) 33 (66%) 
Inflammation, focal 1 (2%)

#Bronchial submucosa (49) (49) (50)
Cyst, NOS 11 (22%) 17 (35%) 8 (16%)

PLunghronchiole (49) (49) (50)
Inflammation, chronic 1 (2%)

#Lung (49) (49) (50)
Mineralization 1 (2%)
Emphysema, NOS 6 (12%) 2 (4%)
Congestion, acute passive 2 (4%) 4 (8%) 
Inflammation. necrotizing 3 (6%) 
Inflammation, acute diffuse 1 (2%)
Inflammation, chronic 6 (12%) 8 (16%) 4 (8%)
Histiocytosis 1 (2%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
#Bone marrow (50)

Hyperplasia, NOS 1 (2%)
#Spleen (50)

Congestion, acute passive 1 (2%)
Hematopoiesis 8 (16%)

#Splenic follicles (50)
Atrophy, NOS 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l$-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Lymph node 

Hyperplasia, NOS 
P1asmacytosis 

#Mandibular lymph node 
Cyst, NOS 
Edema, NOS 
Inflammation, suppurative 
Hemosiderosis 

(49) 

(49) 

(49) 

Hyperplasia, NOS 
Histiocytosis
Plasmacytosis

#Bronchial lymph node 
Abscess, NOS 
Hemosiderosis 
Hyperplasia, NOS 
Histiocytosis 

#Mediastinal lymph node 
Histiocytosis 

#Mesenteric lymph node 
Edema, NOS 
Hemorrhage
Hyperplasia, NOS 
Histiocytosis
Hematopoiesis

#Renal lymph node 
Histiocytosis 

#Lung
Hyperplasia, lymphoid 

#Liver 
Hematopoiesis 

Hematopoiesis 

Atrophy, NOS 

#Kidney 

#Thymus 

CIRCULATORY SYSTEM 
#Brain 

Periarteritis 
*Larynx 

Perivasculitis 
#Lung

Thrombosis, NOS 
Perivasculitis 

#Heart 
Thrombosis, NOS 
Abscess, NOS 
Inflammation, chronic 
Perivasculitis 

BHeartlatrium 
Thrombosis, NOS 

#Cardiac valve 
Degeneration, mucoid 
Endocardiosis 
Hemosiderosis 

*Aorta 
Inflammation, chronic 

*Coronary artery 
Periarteritis 
Hyperplasia, NOS 

(49) 

1,2-Epoxybutane,NTP TR 329 128 



TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l.!bEPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

CIRCULATORY SYSTEM (Continued) 
*Cerebral artery 

*Renal artery 

Necrosis, fibrinoid 
Hyperplasia, NOS 

Inflammation, NOS 

(49) 

(49) 

1 (2%) 
1 (2%) 

(49) 

(49) 
1 (2%) 

(50) 

(50) 

DIGESTIVE SYSTEM 
*Tooth 

Deformity, NOS 
Inflammation, NOS 
Dysplasia, NOS 

Inflammation, suppurative 
Abscess, NOS 
Inflammation, chronic 

*Pulp of tooth 

Necrosis, NOS 
*Periodontal tissues 

Inflammation, suppurative 
Inflammation, chronic 

Lymphocytic inflammatory infiltrate 
#Salivary gland 

#Liver 
Mineralization 
Multiple cysts 
Congestion, acute passive 
Lymphocytic inflammatory infiltrate 
Abscess, NOS 
Inflammation, chronic focal 
Necrosis, NOS 
Focal cellular change 
Eosinophilic cyto change 
Angiectasis

#Bile duct 
Hyperplasia, NOS 

#Pancreas 
Inflammation, suppurative 
Inflammation, chronic focal 

#Pancreatic duct 
Mineralization 

#Glandular stomach 
Cyst, NOS 
Metaplasia, squamous 

#Gastric submucosa 
Inflammation, chronic 

#Forestomach 
Hyperplasia, epithelial 
Hyperkeratosis 

Hyperplasia, NOS
#Peyer's patch 

#Ileum 
Inflammation, chronic focal 
Fibrosis 

#Colon 
Parasitism 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l,%EPOXYBUTANE (Continued) 

URINARY SYSTEM 
#Kidney

Ectopia
Hydronephrosis
Congestion, acute passive 
Hemorrhage 
Pyelonephritis, NOS 
Lymphocytic idammatory infiltrate 
Fibrosis, multifocal 
Nephrosis, NOS 
Hyperplasia, tubular cell 

#Kidneyltubule

Dilatation, NOS 

Degeneration, hydropic 

Crystals, NOS 

Cytoplasmic vacuolization 


XKidneylpelvis

Inflammation, suppurative 


+Ureter 

Inflammation, chronic 


#Urinary bladder 
Calculus, unknown grossor microscopic
Inflammation, NOS 
Erosion 
Hyperplasia, epithelial 

ENDOCRINE SYSTEM 
#Pituitary


Cyst, NOS 

Congestion, acute passive 

Cytoplasmic vacuolization 


XAdrenallcapsule

Hyperplasia, NOS 


#Adrenal cortex 

Cyst, NOS 

Degeneration, NOS 

Hyperplasia, focal 


#Adrenal medulla 

Congestion, acute passive 


#Thyroid 

Cyst, NOS 
Hyperplasia, follicular cell 

REPRODUCTIVE SYSTEM 
+Mammary gland 

Dilatatiodducts 
"Prepuce


Ulcer, NOS 

Inflammation, acute focal 

Abscess, NOS 

Inflammation, chronic 


*Preputial gland 

Cyst, NOS 

Inflammation, suppurative 

Abscess, NOS 


#Prostate 

Inflammation, suppurative 


+Seminal vesicle 

Mineralization 

Dilatation, NOS 


Chamber Control Low Dose 

(49) (49) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%)

6 (12%) 8 (16%) 


6 (12%) 2 (4%) 

1 (2%) 1 (2%) 


(49) (49) 

1 (2%) 

(46) (46) 

1 (2%) 

(49) 

26 (53%) 


(49) 

4 (8%) 

4 (8%) 


(49) 

1 (2%) 


(48) 

High Dose 

(50) 
1 (2%) 

(47) 
2 (4%) 

1 (2%) 
(50)

26 (52%) 
(50) 

6 (12%) 
(50) 

(49) 

4 (8%) 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l&EPOXYBUTANE (Continued) 

Chamber Control Low Dose 

REPRODUCTIVE SYSTEM 
*Seminal vesicle (Continued) 

Inflammation, suppurative 
Inflammation, necrotizing 

#Testis 
Inflammation, necrotizing 
Fibrosis, focal 
Atrophy, NOS 
Hyperplasia, interstitial cell 

+Scrotum 
Abscess, NOS 

NERVOUS SYSTEM 
#Braidmeninges 

Inflammation, acute 
#Leptomeninges 

Perivascular cuffing 
#Lateral ventricle 

Inflammation, suppurative 
*Choroid plexus 

Inflammation, acute 
#Brain 

Congestion, acute passive 
#Braidthalamus 

Mineralization 
*Olfactory sensory epithelium 

Atrophy, NOS 

SPECIAL SENSE ORGANS 

Inflammation, chronic 

Metaplasia, squamous 

Lymphocytic inflammatory infiltrate 

Inflammation, suppurative 
Inflammation, chronic 
Erosion 
Hyperplasia, epithelial 

*E y e/scle ra 

*Eye/cornea 

*Eyeflacrimal gland 

*Nasolacrimal duct (49) (49)
6 (12%) 
3 (6%)
1 (2%)

12 (24%) 

MUSCULOSKELETAL SYSTEM 
+Maxilla 

Deformity, NOS 
(49) 

BODY CAVITIES 
*Mediastinum 

Inflammation, chronic 
*Peritoneum 

Hematoma, NOS 
Inflammation, suppurative 
Inflammation, chronic focal 

Inflammation, suppurative 

Inflammation, suppurative 

*Epicardium 

*Tunica vaginalis 

(49) 

(49) 

(49) 

(49) 

High Dose 

(50) 


(50) 

(50) 

1 (2%)

(50) 

2 (4%) 

4 (8%)

2 (4%)


21 (42%) 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF 1J-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

ALL OTHER SYSTEMS 
*Multiple organs 

Angiectasis 
(50) 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 
Animal missexedho necropsy 
Autolysidno necropsy 1 

1 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microsccpically. 
# Number of animals examined microscopically a t  this site 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF l&EPOXYBUTANE 

Chamber Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
49 

50 
48 
48 

INTEGUMENTARY SYSTEM 
None 

RESPIRATORY SYSTEM 
#Lung 

Squamous cell carcinoma 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

(50) 

2 (4%) 
2 (4%) 

(49) 
1 (2%) 

2 (4%) 
1 (2%) 

(48) 

1 
1 
2 

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

HEMATOPOIETIC SYSTEM 
+Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, und8er  type 
Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 

Malignant lymphoma, undiffer type 
Malignant lymphoma, mixed type 

Malignant lymphoma, histiocytic type 

Malignant lymphoma, lymphocytic type 

Malignant lymphoma, histiocytic type 

#Spleen 

#Liver 

#Kidney 

#Uterus 

(50)
7 (14%) 

2 (4%) 
4 (8%)

(50) 

(50) 

(50) 

(50) 

(50)
4 (8%) 

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

1 (2%) 

(49) 

(49) 

(49) 

(49) 

(48)
2 
1 

1 

1 

1 

1 

1 

(48) 

(48) 

(48) 

(48) 

(4%) 
(2%) 

(2%) 

(2%) 

(2%) 

(2%) 

(2%) 

CIRCULATORY SYSTEM 
+Multiple organs 

#Spleen 

+Muscle hip/thigh 

#Uterus 

#Ovary 

Hemangiosarcoma 

Hemangiosarcoma 

Hemangiosarcoma 

Hemangiosarcoma 

Hemangioma 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Acinar cell carcinoma 

Squamous cell papilloma 

#Pancreas 

#Forestomach 

URINARY SYSTEM 
#Kidney (50) (49) (48)

Sarcoma, NOS, metastatic 1 (2%) 
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TABLE D1. SUMMARY O F  THE INCIDENCE O F  NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF l$-EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#Pituitary 

#Adrenal 

Carcinoma, NOS 
Adenoma, NOS 

Adenoma, NOS 
Cortical adenoma 

(47) 

(49) 

3 (6%) 
19 (40%) 

1 (2%) 

#Adrenal medulla 
Pheochromocytoma

#Thyroid
Follicular cell adenoma 

(49) 

(48) 
1 (2%) 

REPRODUCTIVE SYSTEM 

Adenocarcinoma, NOS 
*Mammary gland 

#Uterus 
Adenocarcinoma, NOS 
Sarcoma, NOS 
Leiomyosarcoma
Endometrial stromal polyp 

Papillary cystadenoma, NOS 
Granulosa cell tumor 

#Ovary 

Mixed tumor, benign 
Teratoma, NOS 

NERVOUS SYSTEM 
#Braidthalamus 

Carcinoma, NOS, metastatic 
(48) 

SPECIAL SENSE ORGANS 
*Harderian gland 

Papillary carcinoma 
Adenoma, NOS 
Papillary adenoma 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Abdominal cavity 

Sarcoma, NOS 
(50) (50) (48) 

1 (2%) 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
50 
11 

50 
19 

50 
22 

Moribund sacrifice 9 6 18 
Terminal sacrifice 29 25 9 
Accidentally killed, nda 
Animal missexed 

1 
1 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF l,%EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

TUMOR SUMMARY 
Total animals with primary tumors** 35 29 20 


Total primary tumors 57 43 31 

Total animals with benign tumors 27 14 9 


Total benign tumors 32 18 10 

Total animals with malignant tumors 18 19 15 


Total malignant tumors 23 24 19 

Total animals with secondary tumors## 2 1 


Total secondary tumors 2 1 

Total animals with tumors uncertain- 


benign or malignant 2 1 2 

Total uncertain tumors 2 1 2 


* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
#cX Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE D% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF lJi-EPOXYBUTANE: CHAMBER CONTROL 

NUMBER 

WEEKS ON
STUDY 


M 
Lun- and bronchi 

Nveolarhronchiolar adenoma 
Nveolarhronchiolar carcinoma 

Trachea 

Bone marrow 
Spleen
L mphnodes 
Tgymus 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
He atoeellular carcinoma 

Bile Bud 
Gallbladder 6 common bile duct 
Pancreas 
Esopha a 
StomacgU

Squamous cell papilloma 
Small intestine 
Larpe inteatine 

Kidney
Sarcoma, NOS,metastatic 

Urinary bladder 

Pituitary
Carcinoma NOS 
Adenoma, NOS 

Adrenal 
Adenoma. NOS 
Phnochmmocytoma

Thyroid
Parathyroid 

Mammary gland 
Adenocarcinoma, NOS 

Utems 

%zllary cystadenoma, NOS 
Granulosa cell tumor 
Mixed tumor benign
Teratoma, N b S  
Hemangioma 

Brain 
Carcinoma, NOS,metastatic 

Harderian gland 
Adenoma, NOS 
Papillary adenoma 

ALL OTFIEKspSrehas
Multiple organs, NOS 

Hemangiosamoma

Malignant lymphoma, NOS 

Malignant lymphoma, histiocytic typs 

Malignant lymphoma, mixed type 


+: Tissue examined microscopically -. Required tissue not examinad microscopically 
Xi Tumor incidence 

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

b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1  

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

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

X 


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


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

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

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

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


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

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


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

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


~~ ~~~ ~~ ~ 

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

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


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

+ + 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 N  


X X 


X 


: No tissue information submitted 
C Necropsy. no histology due to protocol 
A: Autolysis

N Necropsy, no autolysis, no microscopic examination M: Animal missing 
S: Animal missexed B: No necropsy performed 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE:
(Continued)

CHAMBER CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

KESP'IRATURY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

U1KCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Sarcoma, NOS, metastatic
Urinary bladder

ENUUURlNfe SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Adenoma, NOS
Pheochromocytoma

Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenocarcmoma, NOS
Uterus
Ovary

Papillary cystadenoma, NOS
Granulosa cell tumor
Mixed tumor, benign
Teratoma, NOS
Hemangioma

NERVOUS SYSTEM
Brain

Carcinoma, NOS, metastatic

SPECIAL SENSE ORGANS
Hardenan gland

Adenoma, NOS
Papillary adenoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Hemangiosarcoma
Malignant lymphoma, NOS
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

01 0| 0 0| 01 Ol 01 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6
1 1 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4 5
0| 1| 2 4| 5| 7\ 6\ 3| 4| 5 7J 9| 1 2| 4| 5 6| 9| o| l| 2| 3| 6| 7 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4| 4| 4| 4| 4 4| 4 4| 4\ 4 4\ 4 4| 4| 4 4| 4| 4 4 4J 4| 4 4| *| 4

X
X X

+ + + + + + + + + + + 4. + + + + + + + + + + + + +

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

+ + + + + + + + + + + + + + + + + + + + + + + + +
N N - t - + + + + + +NN + +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

N 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

TOTAL:
TISSUES
TUMORS

50
2
2

50

50
50
48
41

49

50
50
2
2

50
•50
50
47
50
1

50
SO

50
1

48

47
3

19
49
1
1

48
19

•50
2

50
49
1
1
2
1
1

50
1

•50
1
1

•50
1
7
2
4

* Animals necropsied
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
INHALATION STUDY OF 1,2-EPOXYBUTANE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Squamous cell carcinoma
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPO1ETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, mixed type
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

UlUfcSTTVE SYSTEM
Salivary gland
Liver

Hepatooallnlar adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas

Acinar cell carcinoma
Esophagus
Stomach
Small intestine
Large intestine

UHNARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma

Thyroid
Folhcular cell adenoma

Parathyroid

REPRODUCTIVE1 SYSTEM
Mammary gland

Adenocarcinoma, NOS
Uterus

Adenocarcinoma, NOS
Sarcoma, NOS
Leiomyosarcoma
Endometnal stromal polyp

Ovary
Teratoma, NOS

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Papillary adenoma

MUSCULOSKELETAL SYSTEM
Muscle

Hemangiosarcoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Malignant lymphoma, lymphocytic type
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

§1 a 3 §1 a 21 9 a 9 3 a a a !| 3 a a a
0| B\ 2| e| 3| 3\ 4\ l| 9| 5| 2| 4| 7| e| 7| 6| 0| 6\

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0| 01 0
1 51 7 7 7 7 7 8 8 8 8 9 9 9 9 9 9 9
3| 5| l| 1| 4| 8| 8\ 0\ S\ 9\ 9\ 0| l| l| S\ 7| 7| 7

X

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

A-- + + - + + - + - + + + - + + +

0 01 01 01 01 01 0
2 0 2 0 3 0 0
8 7| 0| 3| l[ 2| 4

01 01 01 11 11 11 1
9 9 9 0 0 0 0
8| 9| 9\ 2| 2| 3| 3

+ + + + + + +

: - : - + + :

A + + + + + + + + + + + H + + + + +
A + + + + + + + + + + + + + + + + +

X
X

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

X

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

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

A + + + 4  + + +  + + + + + + + + +

A - - - - - - - - - - - + - + - + -

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

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

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

X

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

+ + + + + + +

+ + + + t + +

X
X

+ + + + +  +

+ +

+ + + + + + +
X

X

N N N N N N N
X

+ N N N N N N
X

N N N N N N N
X
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Squamous cell carcinoma
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HJSMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, mixed type
Lymph nodes
ThymuB

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas

Aeinar cell carcinoma
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Cortical adenoma

Thyroid
Follicular cell adenoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenocarcinoma, NOS
Uterus

Adenocarcinoma, NOS
Sarcoma, NOS
Leiomyosarcoma
Endometnal stromal polyp

Ovary
Teratoma, NOS

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Papillary adenoma

MUSCULOSKELETAL SYSTEM
Muscle

Hemangiosarcoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Malignant lymphoma, lymphocytic type
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

Ol ol Ol Ol 61 61 Ol 6
0 0 0 1 1 1 2 2
l| 5| 8| 6| S\ 9\ l| 2

4J 4\ t\ 4 4| 4| 4 4

61 ol ol ol 61 61 01 ol 61 ol 01 ol ol ol 6 6 o
2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4
4| S| 6| 7| 9| 0| 2| 3| 4| 5| 9| 0| l| 3| s| 7 9

0 0 0 0 0 0 ol ol 0] 0 0 ol 0  0 0  0 0
4 4| 4| 4| 4| 4| 4| 4| 4| 4 4 4| 4| 4| 4 4| 4

+ + + + + + + H

X
X

X

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

+ + + + + + + H

+ + + + + + + +

X

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

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

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

+ + + + + -I  + 4

+ + + + 4 +
X

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

X
 + +  +

+ + + + + + + 4

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

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

X

 + + - - T  +  +  +

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

X

X

X
X

TOTAL:
TISSUES
TUMORS

49
1
2
1

49

49
49
1

48
37

49

49
49
2
1

49
•50
49
1

49
49
48
49

49
49

46
5
7

47
1

47
1

14

•50
1

49
2
1
1
2

47
1

49

•50
3

•50
1

•50
4
1
1
2

* Animals necropsied
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF 13-EPOXYBUTANE: 

NUMBER 

WEEKS ON
STUDY 


Lung8 and bronchi 
Hepatocellular carcinoma metastatic 

Alvaolarlbronchiolar addoma  

Alvaolarlbronchiolar carcinoma 


Trachea 

Bone marrow 

S%2angiosarcoma
Malignant lymphoma, undifferentiated type 

L mphnodes
Tgymus 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
He atocellular carcinoma 
Malignant lymphoma, histiocytic type

Bile duct 
Gallbladder k common bile duct 
Pancreas

%%Y 

Small inteatine 
Large intestine 

Kidney
Malignant I mphoma, lymphocytic type 

Urinary b1ad;l'er 

EM 
Pituitary

Adenoma. NOS 
Adrenal 
Thyroid
Parathyroid 

Mammary gland 
Adenocarcinoma, NOS 

Utems 
Hemangiosarcoma
Malignant lymphoma, histiocytic type 

Ovary
Granulosa cell tumor 

Breiu 

GANS 
Harderian gland 

Papillary carcinoma 
Papillary adenoma 

Peritoneum 
Sarcoma, NOS 

Multiple organs, NOS 
Malignant lymphoma, NOS 
Malignant lymphoma undifferentiated type 
Malignant lymphoma: mixed type 

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

0 0 0 0 0 0 0 0 0 0 0 0 0 
0 5 5 5 5 6 6 8 8 6 7 7 7 
3 5 6 9 9 9 3 6 9 9 0 3 3 

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

0 0 0 0 0 0 0 0 0 0 0 0 
7 7 7 7 7 7 8 8 8 6 8 8 
4 5 5 6 8 8 0 2 4 5 6 7 

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

X 


X 

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


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


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

X 


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

A S  - - + + + + + + + - - - - - - + - - - - - + -

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


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


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

X 


X 


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

A S N + + + + + + + + + + N + + N N + N N + + + +  

A S + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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


A S . . . . . . . . . . . . . . . . . . . . . . .  


I A S  . . . . . . . . . . . . . . . . . . . . . . . . 

l A S  . . . . . . . . . . . . . . . . . . . . . . . . 


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


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

A S + + - - - + - + - - - - +  + - - - - - + - - -

A S N + + N + N N N + + + N + + + + + N + + + + N  

X 


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


X 

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


X 


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


A S N N N N N N N N N N N N N N N N N N N N ~ N N  

A S N N N N N N N N N N N N N N N N N N N N N N N  

A S N N N N N N N N N N N N N N N N N N N N N N ~  
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

NUMBER 

WEEKS ON 
STUDY 

L u n p  and bronchi 
Hepatocellular carcinoma metastatic 

Alveolar/bronchiolar adeloma X 1 

Alveolar/bronchiolar carcinoma X 2 


Trachea . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Bone m a m w  . . . . . . . . . . . . . . . . . . . . . . . . .  46 

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Hemangiosarcoma X 2 

Malignant lymphoma, undiffer type X 1 


L m p h n d e s  . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Thymus + + + + + - + - - - + + + - + - + + + + + + + + - 27 


Heart . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Salivary gland . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Liver . . . . . . . . . . . . . . . . . . . . . . . . .  48 


Hepatocellular adenoma x x  3

He atocellular carcinoma X 2 

Ma%gnnsnt lymphoma, histiocytic type X 1 


Bile duct . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Gallbladder b common bile duct . . . . . . . . . . . . . . . . . . . . . . . . . '48 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  45
:tY::r . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Small intestine . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Large intestine . . . . . . . . . . . . . . . . . . . . . . . . .  47 


Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Malignant 1 mphoma, lymphocytic type X 1 


Urinary bladier . . . . . . . . . . . . . . . . . . . . . . . . .  45 


Pituitary . . . . . . . . . . . . . . . . . . . . . . . . .  46 

Adenoma, NOS X X x x X S 


Adrenal . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Thyroid . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Parathyroid + + + - + - - - - - - + + + + - + - + + - - - - + 19 


Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  '48 

Adenocarcinoma, NOS X 2 


Utems . . . . . . . . . . . . . . . . . . . . . . . . .  48 

Hemangiosarcoma X 1 

Malignant lymphoma, histiocytic t y p  1 
. . . . . . . . . . . . . . . . . . . . . . . . .  45 


2 Z u l o s a  cell tumor X 2 


Brain . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 


A N S  
Halderian gland N N N N N N N N N N N N N N N N N N N N N N N N N  '48 


Papillary carcinoma X 1 

Papillary adenoma X 1 


Peritoneum N N N N N N N N N N N N N N N N N N N N N N N N N  
Sarcoma, NOS X 


S 

Multiple organs NOS N N N N N N N N N N N N N N N N N N N N N N N N N  '48 

Malignant lydphoma. NOS X X 2

Malignant lymphoma undiffer type X 1 

Malignant lymphoma: mixed type X 1 
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF 19-EPOXYBUTANE 

Chamber Control 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 4/50 (8%)
Adjusted Rates (b) 13.3% 
Terminal Rates (c) 3/29 (10%) 
Week of First Observation 103 
Life Table Testa (d) P=0.303 
Incidental Tumor Testa (d) P=0.579N 
Cochran-Armitage Trend Test (d) P=0.442N 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
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) 


4/50 (8%)
11.9% 
2/29 (7%) 
78 
P=0.438N 
P=0.234N 
P=0.143N 

Hematopoietic System: Lymphoma, All Malignant 
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: Hemangiosarcoma 
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) 

13/50 (26%) 
33.4% 
5/29 (17%) 
71 
P =0.304 
P =0.206N 
P=0.152N 

1/50 (2%)
3.4% 
1/29 (3%) 
104 
P=0.047 
P=0.157 
P=0.190 

Circulatory System: Hemangioma or Hemangiosarcoma 
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 
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) 

2/50 (4%) 
6.9% 
2/29 (7%) 
104 
P20.125 
P =0.297 
P =0.383 

2/50 (4%) 
6.9% 
2/29 (7%) 
104 
P=0.117 
P=0.229 
P=0.389 

50 Ppm 

3/49 (6%) 
10.4% 
2/25 (8%) 
91 
P=0.557N 
P=0.495N 

P=0.511N 

3/50 (6%) 
12.0% 
3/25 (12%) 
104 
P=0.547N 
P =0.497N 

P =0.500N 

9/50 (18%)
31.9% 
7/25 (28%)
55 
P=0.301N 
P=0.233N 

P=0.235N 

1/50 (2%)
3.1% 
OB5(0%)
98 
P=0.748 
P=0.676N 

P=0.753 

1/50 (2%) 
3.1% 
0/25 (0%)
98 
P =0.531N 
P =0.424N 

P =0.500N 

2/49 (4%) 
6.1% 
1/25 (4%) 
74 
P =0.652 
P=0.639 

P=0.684 

100 Ppm 

3/48 (6%)
17.5% 
1/9(11%)
75 
P=0.327 
P=0.643 

P =0.523N 

1/48 (2%)
9.1% 
om (0%)
98 
P=O.520N 
P=0.187N 

P=0.194N 

8/48 (17%) 
53.1% 
3/9 (33%) 
75 
P=0.285 
P =  0.150N 

P=0.190N 

3/48 (6%) 
19.8% 
1/9(1 1%) 
75 
P =0.076 
P =0.211 

P =0.293 

3/48 (6%)
19.8% 
1/9(11%)
75 
P =0.142 
P =0.312 

P=0.480 

3/48 (6%) 
24.5% 
2/9 (22%) 
76 
P=O.l18 
P =0.183 

P=0.480 
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF l&EPOXYBUTANE (Continued) 

Chamber Control 

Liver: Hepatocellular Adenoma or Carcinoma 
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) 


Pituitary Gland: Adenoma 
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) 


Pituitary Gland: Carcinoma 
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) 


Pituitary Gland: Adenoma or Carcinoma 
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) 


Harderian Gland: Papillary Adenoma 
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) 


4/50 (8%)
13.3% 
3/29 (10%) 
103 
P=O.101 
P =0.378 
P =0.403 

19/47 (40%) 
65.4% 
18/28 (64%) 
94 
P=0.102N 
P=0.052N 
P<O.OOlN 

3/47 (6%) 
9.7% 
1/28(4%)
96 
P =0.491N 
P=0.265N 
P=0.138N 

22/47 (47%) 
70.8% 
19/28 (68%) 
94 
P =  0.088N 
P=O.O18N 
P <0.001N 

1/50(2%)
3.4% 
1/29(3%)
104 
P =0.310 
P =0.596 
P=0.596 

Harderian Gland: Adenoma or Papillary Adenoma 
Overall Rates (a) 2/50(4%)
Adjusted Rates (b) 6.9% 
Terminal Rates (c) 2/29 (7%) 
Week of First Observation 104 
Life Table Tests (d) P =0.474 
Incidental Tumor Tests (d) P =0.484N 
Cochran-Armitage Trend Test (d) P =  0.415N 
Fisher Exact Test (d) 

50 ppm 

3/49 (6%) 
8.0% 
1/25 (4%) 
71 
P=0.555N 
P=0.497N 

P=0.511N 

7/46 (15%) 
28.4% 
6/23 (26%) 
98 
P=0.012N 
P=0.006N 

P=0.006N 

5/46 (11%) 
20.2% 
4/23 (17%)
102 
P=0.289 
P=0.486 

P=0.345 

12/46 (26%) 
47.1% 
10123 (43%) 
98 
P =0.071N 
P =0.015N 

P =  0.031N 

3/50 (6%)
9.1% 
1/25 (4%) 
74 
P=O.280 
P =0.347 

P=0.309 

3/50 (6%) 
9.1% 
1/25 (4%) 
74 
P=0.458 
P =  0.531 

P=0.500 

100 ppm 

5/48 (10%) 
30.5% 
2/9 (22%)
76 
P=0.076 
P=0.301 

P =0.474 

5/46 (11%)
49.1% 
4i9 (44%)
97 
P=0.384N 
P=0.235N 

P =0.001N 

0146 (0%)
0.0% 
019 (0%) 

P=0.363N 
P =0.114N 

P =  0.125N 

5/46 (11%) 
49.1% 
4/9 (44%) 
97 
P =0.223N 
P=0.049N 

P <0.001N 

1/48 (2%) 
10.0% 
019 (0%)
99 
P =0.487 
P =0.698 

P =0.742 

(e) 1/48(2%)
10.0% 
019 (0%)
99 
P=0.617 
P=0.710N 

P =0.515N 
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF l$-EPOXYBUTANE (Continued) 

(a)Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence at terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the 
Pvalues corresponding to painvise 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)A papillary carcinoma was also observed in this animal. 
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TABLE D4. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE B6C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Study Adenoma (b) Carcinoma (c) Adenoma or Carcinoma (b,c) 

Historical Incidence at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD(d) 

Range (e) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (d) 

Range (e) 
High 
LOW 

8/46 
12/49 
13/41 
4/46 
2/45 

391227 (17.2%) 
11.16% 

1314 1 
2/45 

17711,815 (9.8%) 
9.39% 

12/40 
0148 

1/46 
0149 
014 1 
0146 
5/45 

61227 (2.6%) 
4.82% 

5/45 
0149 

1311,815 (0.7%) 
1.44% 

3/50 
0149 

(a)Data as of August 30,1985, for studiesof at least 104 weeks 
(b)Includes adenoma, NOS,and chromophobe adenoma 
(c)Includes carcinoma, NOS,adenocarcinoma, and chromophobe carcinoma 
(d)Standard deviation 
(e)Range and SD are presented for groups of 35 or more animals. 

9/46 
12/49 
13/41 
4/46 
7/45 

451227 (19.8%) 
8.73% 

13/41 
4/46 

190/1,815(10.5%) 
9.61% 

16/50 
0148 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l$-EPOXYBUTANE 

Chamber Control 

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

INTEGUMENTARY SYSTEM 
*Skin 

Inflammation, NOS 
"Subcutaneous tissue 


Inflammation, suppurative 

Inflammation, chronic 


RESPIRATORY SYSTEM 
*Nasal cavity 


Edema, NOS 

Empyema

Inflammation, chronic 

Erosion 

Hyperplasia, epithelial 

Metaplasia, squamous 

Regeneration, NOS 


*Nasal gland 

Cyst, NOS 

Inflammation, chronic 

Atrophy, NOS 

Hyperplasia, NOS 


*Larynx

Hyperplasia, epithelial 


"Laryngeal submucosa 

Cyst, NOS 

Inflammation, chronic focal 


#Trachea 

Cyst, NOS 

Inflammation, acute 

Hyperplasia, epithelial 

Metaplasia, squamous 


#Bronchial submucosa 

Cyst, NOS 


XLunghronchiole

Hyperplasia, epithelial 


#Lung

Mineralization 
Emphysema, alveolar 
Congestion, acute passive 
Hemorrhage
Lymphocytic inflammatory infiltrate 
Inflammation, Suppurative 
Inflammation, acute 
Inflammation, chronic 
Hyperplasia, alveolar epithelium 
Bronchiolization 
Histiocytosis 

HEMATOPOIETIC SYSTEM 
*Multiple organs 


Hyperplasia, lymphoid 

Hematopoiesis 


(50) 

1 (2%) 

(50) 

(50)
19 (38%) 

(50) 

Low Dose High Dose 

50 50 
50 48 
49 48 

(50) 

33 (66%) 
39 (78%) 
16 (32%) 
34 (68%) 
34 (68%) 
14 (28%) 

(50)
9 (18%) 

1 (2%)
23 (46%) 

(50) 
2 (4%) 

(50)
2 (4%) 

(49)
23 (47%) 

(49)
5 (10%) 

(49) 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%)

15 (31%) 
1 (2%) 
1 (2%) 
1 (2%) 

(48)
1 (2%) 

40 (83%) 
44 (92%) 
24 (50%) 
35 (73%) 
41 (85%) 
15 (31%) 

(48)
7 (15%) 
1 (2%) 

29 (60%) 
(48) 

1 (2%) 
(48) 

1 (2%) 
1 (2%) 

(48) 
25 (52%) 
1 (2%) 
4 (8%)
2 (4%) 

(48) 
4 (8%) 

(48) 
2 (4%) 

(48) 

4 (8%)
2 (4%) 

1 (2%) 
4 (8%)
6 (13%) 
8 (17%) 
1 (2%) 

1 (2%) 
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TABLE DQ. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF 19-EPOXYBUTANE (Continued) 

~~ ~ ~ ~ ~ ~~~ ~ ~ ~~~ 

Chamber Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Ca intinued)
#Bone marrow 

Hemorrhage 
Hyperplasia, NOS 
Granulocytic hyperplasia 

#Spleen
Accessory structure 
Congestion, NOS 
Necrosis, focal 
Hyperplasia, lymphoid 
Hematopoiesis

#Splenic capsule 
Inflammation, suppurative 
Inflammation, chronic 

#Lymph node 
Hyperplasia, NOS 

#Mandibular lymph node 
Cyst, NOS 
Hemorrhage 
Inflammation, acute focal 
Inflammation, chronic 
Necrosis, focal 
Hyperplasia, NOS 
Plasmacytosis
Mastocytosis
Hematopoiesis

#Bronchial lymph node 
Inflammation, suppurative 
Abscess, NOS 
Necrosis, focal 
Hyperplasia, NOS 
Hematopoiesis

#Mediastinal lymph node 
Inflammation, acute 
Abscess, NOS 
Necrosis, focal 
Histiocytosis
Plasmacytosis

#Mesenteric lymph node 
Hemorrhage
Inflammation, suppurative 
Hyperplasia,NOS 
Hematopoiesis

#Renal lymph node 
Inflammation, chronic 
Necrosis, focal 
Hyperplasia, NOS 

#Lung
Hyperplasia, lymphoid 

#Salivary gland 
Hematopoiesis

#Liver 
Leukemoid reaction 
Hematopoiesis

#Kidney 
Hematopoiesis

#Urinary bladder/muscularis 
Hyperplasia, lymphoid 

#Ovary
Hematopoiesis 

(50) 

1 (2%) 

10 (20%) 
(50) 

(48)
1 (2%) 

1 (2%) 

(48)
1 (2%) 

(48) 

1 (2%) 
(50)

15 (30%) 
(50) 

(50) 


6 (12%) 
(50) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l,!d-EPOXYBUTANE (Continued) 

HEMATOPOIETIC SYSTEM (Continued) 
#Adrenal 

Hematopoiesis 
#Thymus


Cyst, NOS 

Inflammation, suppurative 

Abscess, NOS 

Necrosis, focal 

Hyperplasia, NOS 


CIRCULATORY SYSTEM 
*Mediastinum 

Periarteritis 
*Skin 

Periarteritis 
#Lung

Perivasculitis 
#Heart 


Mineralization 

Thrombosis, NOS 

Inflammation, multifocal 

Inflammation, suppurative 

Inflammation, chronic 

Periarteritis 

Degeneration, NOS 


#Cardiac valve 

Mineralization 

Sc1erosis 

Degeneration, mucoid 

Hemosiderosis 


*Aorta 

Periarteritis 


*Aortic tunica intima 

Inflammation, suppurative 


*Coronary artery 

Periarteritis 


*Pulmonary artery 

Periarteritis 


*Pulmonary trunk 

Inflammation, acute diffuse 


"Renal artery 

Necrosis, fibrinoid 


#Salivary gland 

Perivasculitis 


#Pancreas 

Perivasculitis 


#Kidney

Perivasculitis 


DIGESTIVE SYSTEM 
*Tooth 


Deformity, NOS 

Inflammation, NOS 

Dysplasia, NOS 


*Root of tooth 

Abscess, NOS 

Necrosis, focal 


*Periodontal tissues 

Cyst, NOS 

Abscess,NOS 

Inflammation, chronic 


Chamber Control Low Dose High Dose 

(49) 

(50) 

(50) 

(50) 
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TABLE D5. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l,!&EPOXYBUTANE (Continued) 

Chamber Control Low Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Salivary gland 

Cystic ducts 
Lymphocytic inflammatory infiltrate 
Inflammation, suppurative 

#Liver 
Cyst, NOS 
Hemorrhagic cyst 
Inflammation, NOS 
Inflammation, acute diffuse 
Necrosis, NOS 
Hemosiderosis 
Cytoplasmic vacuolization 
Focal cellular change 
Histiocytosis

#Hepatic capsule 
Inflammation, NOS 

*Gallbladder 
Inflammation, NOS 
Necrosis, NOS 

*Gallbladder/serosa
Inflammation, NOS 

#Pancreas 
Inflammation, NOS 
Focal cellular change 
Atrophy, NOS 
Hyperplasia, diffwe 

#Pancreatic duct 
Inflammation, chronic 

#Glandular stomach 
Cyst, NOS 
Necrosis, focal 
Atrophy, NOS 
Hyperplasia, focal 
Metaplasia, squamous 

#Gastric submucosa 
Inflammation, NOS 

#Forestomach 
Hyperplasia, epithelial 
Hyperkeratosis 

Hyperplasia, NOS
XPeyer’s patch 

#Ileum 
Inflammation, suppurative 
Inflammation, chronic 

Inflammation, acute diffuse 
#Large intestine 

#Colon 
Fibrosis 

URINARY SYSTEM 
#Kidney 

Hemorrhage
Pyelonephritis, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, active chronic 
Nephrosis, NOS 
Necrosis, NOS 

#Kidney/capsule
Inflammation, suppurative 

#Renal papilla 
Necrosis,NOS 

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

14 (28%) 

2 (4%) 

(50) 

(50) 
1 (2%) 

(49)
3 
1 
9 
1 
2 

(49) 

(49) 

(6%) 
(2%)
(18%) 
(2%) 
(4%) 

(48) 
5 (10%) 

14 (29%) 

6 (13%) 
1 (2%) 

2 (4%)
(48) 

(48) 
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TABLE DS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l$-EPOXYBUTANE (Continued) 

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

Chamber Control Low Dose High Dose 

URINARY SYSTEM (Continued) 
#Kidneyftubule

Cytoplasmic aggregate, NOS 
#Urinary bladder 

Degeneration, NOS 
#Urinary bladder/submucosa 

Inflammation, chronic 

(50) 

(48) 

(48) 

2 (4%) 

15 (31%) 

(49) 

(49) 

(49) 
9 (18%) 

(48) 

(45) 

(45) 

1 (2%) 

1 (2%) 

5 (11%) 

ENDOCRINE SYSTEM 

Cyst, NOS 
Congestion, acute passive 
Hyperplasia, NOS 

#AdrenaUcapsule
Inflammation, NOS 
Inflammation, suppurative 
Degeneration, NOS 
Hyperplasia, NOS 

#Adrenal cortex 
Cyst, NOS 
Hemorrhage
Inflammation, acute 
Fibrosis 
Degeneration, NOS 
Amyloidosis
Atrophy, NOS 
Hyperplasia, focal 

#Adrenal medulla 
Cyst, NOS 
Hemorrhage 

Cyst, NOS 
Cystic follicles 
Degeneration, NOS 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

#Parathyroid
Cyst, NOS 

#Pituitary 

#Thyroid 

(47) 

1 (2%)
6 (13%) 

1 (2%) 
(49) 

47 (96%) 

1 (2%) 
(49) 

29 (59%) 
31 (63%) 

1 (2%) 
(49) 

(48)
1 (2%) 

5 (10%) 
(19) 

5 (11%) 

1 (2%) 
1 (2%) 

41 (87%) 

(47) 

(47) 

25 (53%) 
29 (62%) 

(47) 

(47) 
1 (2%) 

3 (6%) 
1 (2%) 

(46) 
1 (2%) 

6 (13%) 

3 (6%) 

1 (2%)
47 (100%) 

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

19 (40%)
19 (40%) 
1 (2%) 
1 (2%) 

1 (2%) 

(47) 

(47) 

(47) 

(47) 

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

(19) 

REPRODUCTIVE SYSTEM 

Dilatatiodducts 
Inflammation, chronic diffuse 
Hyperplasia, NOS 

*Clitoral gland 
Cyst, NOS 
Inflammation, necrotizing 

Inflammation, suppurative 
Inflammation, chronic diffuse 

#Uterine serosa 
Inflammation, chronic dif€use 

XUterudendometrium 
Inflammation, acute 
Hyperplasia, NOS 
Hyperplasia, cystic 
Metaplasia, squamous 

#Uterudmyometrium
Fibrosis 

*Mammary gland 

#Uterus 

(50) 
7 (14%) 

(50) 

1 (2%)
32 (64%) 

(50) 

(50) 
2 (4%) 

(50) 

(49) 
1 (2%) 

27 (55%) 
1 (2%) 

1 (2%) 
(49) 

(48) 
3 (6%)
1 (2%) 
1 (2%) 

1 (2%) 
(48) 

(48)
7 (15%) 

(48) 

(48) 
1 (2%) 

1 (2%)
21 (44%) 

(48) 
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TABLE DS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF 13-EPOXYBUTANE (Continued) 

Chamber Control Low Dose 

REPRODUCTIVE SYSTEM (Continued) 
#Ovary (49) (47)


Mineralization 

Cyst, NOS 13 (27%) 12 (26%) 

Hemorrhagic cyst 1 (2%)

Inflammation, suppurative 7 (14%) 20 (43%) 

Inflammation, chronic 3 (6%) 1 (2%)

Hyperplasia, stromal 1 (2%)


#Mesovarium (49) (47)

Inflammation, suppurative 

Inflammation, chronic 6 (13%) 


NERVOUS SYSTEM 
#Braidmeninges (50) (49)


Inflammation, suppurative 

Perivascular cuffing 1 (2%) 


#Cerebrum (49)

Perivascular cuffing 


#Brain (49)

Congestion, acute passive 1 (2%)

Perivascular cuffing 3 (6%)


#Braidthalamus (49)

Mineralization 2 (4%)

Deformity, NOS 2 (4%)

Inflammation, suppurative 


+Olfactory sensory epithelium (50)

Atrophy, NOS 25 (50%) 


SPECIAL SENSE ORGANS 
+Eye

Microphthalmia 
*Eye/cornea

Hyperplasia, epithelial 
*Nasolacrimal duct 


Cyst, NOS 

Inflammation, suppurative 3 (6%)

Empyema 2 (4%)

Inflammation, chronic 5 (10%)

Erosion 

Hyperplasia, epithelial 18 (36%) 

Hyperkeratosis 1 (2%) 


MUSCULOSKELETAL SYSTEM 
+Skull 

Hyperostosis
+Maxilla 

Necrosis, focal 
+Sternum 

Abscess, NOS 
+Rib 

Chondrodystrophy
+Skeletal muscle 

Inflammation, acute 
"Intercostal muscle 

Inflammation, suppurative 

High Dose 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF l,!&EPOXYBUTANE (Continued) 

~ 	 ~ ~~~ ~ ~ 

Chamber Control Low Dose 

BODY CAVITIES 
*Mediastinum (50) (50)

Inflammation, suppurative 2 (4%) 4 (8%) 
Inflammation, necrotizing 
Inflammation, chronic 2 (4%) 1 (2%) 

*Peritoneum (50) (50)

Inflammation, NOS 5 (10%) 14 (28%) 

Abscess, NOS 

Granulation tissue 


*Pleura (50) (50)

Inflammation, suppurative 2 (4%) 2 (4%)


*Epicardium (50) (50) 

Inflammation, suppurative 


*Mesentery (50) (50)

Inflammation, NOS 


ALL OTHER SYSTEMS 
None 

SPECIAL MORPHOLOGY SUMMARY 
Animal missexed/no necropsy 
Autolnecropsylno histo 1 
Autolysidno necropsy 

~ ~~~~ 

High Dose 

(48)
4 (8%) 
1 (2%) 

(48)
11 	 (23%) 
2 (4%)
1 (2%) 

(48) 
6 (13%) 

(48) 
2 (4%)

(48)
5 (10%) 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE El .  MUTAGENICITY OF 1.2-EPOXYBUTANE IN SALMONELLA TYPHlMURlUM (a) 

Revertantshlate (b)

Strain Dose -s9 tS9(hamster) tS9 (rat)


(pglplatd Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 


TAlOO 0 137 f 5.9 100 f 6.7 127 f 6.6 94 f 4.2 122 f 5.8 118 f 6.7 

100 164 f 6.1 106 f 9.1 132 f 10.1 121 k 9.3 141 f 4.5 123 f 3.7 

333 191 f 27.2 123 f 4.2 146 f 12.9 123 f 7.2 125 f 13.7 130 f 9.0 


1,000 349 f 12.9 178 f 4.9 176 f 1.0 198 f 13.6 200 f 6.7 230 f 27.0 
3,333 721 f 9.4 346 f 46.6 353 f 15.1 420 f 55.4 427 f 15.1 353 f 6.0 

10,000 1,228 f 23.1 976 f 43.3 650 f 63.5 717 f 123.2 809 f 100.8 811 f 18.9 

Summary Positive Positive Positive Positive Positive Positive 
Positive 
control (c) 540 f 17.5 630 f 160.3 2,374 f 52.6 2,176 f 25.0 1,565 f 145.8 697 f 67.4 

TA1535 0 23 f 3.5 20 f 1.2 9 f 1.7 10 f 1.5 12 f 2.0 58 f 44.3 

100 27 f 3.7 19 f 0.7 8 f 2.5 13 f 2.6 12 f 3.4 12 & 2.4 

333 40 f 2.0 25 f 2.8 8 f 0.7 16 f 2.3 19 f 3.7 15 f 1.8 


1,000 62 f 8.5 39 f 6.1 32 f 4.4 26 f 0.9 32 f 1.0 37 f 2.0 
3,333 130 f 8.7 89 f 5.0 77 f 9.2 89 f 2.3 87 f 7.2 93 f 7.7 

10,000 273 f 25.5 189 f 23.8 213 f 24.1 220 f 9.9 397 f 99.9 162 f 41.8 

Summary Positive Positive Positive Positive Positive Positive 
Positive 
control (c) 550 f 11.3 714 f 141.8 574 f 24.2 585 f 24.7 104 f 9.2 387 f 22.4 

TA1537 0 6 f 0.3 10 f 2.7 7 f 0.3 
100 10 f 2.4 8 f 0.3 11 f 1.8 
333 12 f 1.9 10 f 3.3 10 f 2.7 

1.000 10 f 1.3 6 f 0.9 7 f 0.6 
3,333 11 f 2.2 6 f 0.0 6 f 1.5 

10,000 13 f 5.5 6 f 0.9 9 f 1.5 

Summary Negative Negative Negative

Positive 

control (c) 373 f 48.8 435 f 24.6 40 f 0.3 


TA98 0 29 f 4.6 55 f 6.4 40 f 1.3 
100 25 f 2.1 52 f 6.1 45 f 4.7 
333 26 f 6.2 42 f 1.7 39 f 3.8 

1,000 23 f 2.9 44 f 4.4 38 f 4.0 
3,333 26 f 3.3 47 f 3.3 48 f 2.5 

10,000 23 f 3.7 34 f 5.5 42 f 3.5 

Summary Negative Negative Negative

Positive 

control (c) 900 f 17.3 2,081 f 34.5 1,192 f 104.2 


(a) Study performed a t  SRI International. The detailed protocol is presented in Haworth et  al. (1983). Cells and study 
compound or solvent (dimethyl sulfoxide) were incubated in the absence of exogenous metabolic activation (-S9) or with 
Aroclor 1254-induced S9 from male Syrian hamster liver or male Sprague Dawley rat liver. High dose was iimited by toxicity 
or solubility but did not exceed 10 mg/plate; 0 &plate dose is the solvent control. 
(b)Revertants are presented as mean f standard error from three plates. 
(c)Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 
4-nitro-o-phenylenediamine was used with TA98, sodium azide was used with TAlOO and TA1535, and 9-aminoacridine was 
used with TA1537. 
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TABLE E% MUTAGENICITY OF lf-EPOXYBUTANE IN MOUSE L5178Y LYMPHOMA CELLS (qb) 

Cloning
Compound Concentration EMciency 

(pg/ml) (percent) 

Inveresk Research International Study 

-59 

Trial 1 

Distilled water 75.5 4 3.9 

1,2-Epoxybutane 50 73.0 f 13.0 
100 72.0 f 13.0 
200 86.0 f 1.0 
400 51.5 f 30.5 
800 28 

Ethyl methanesulfonate 
250 66.0 f 8.0 

Trial 2 

Distilled water 60.8 f 3.9 

1,2-Epoxybutane 50 
100 

63.5 f 1.5 
52.0 f 9.0 

200 66.0 f 2.0 
400 63.5 f 5.5 
800 41.0 f 7.0 

1,600 Lethal 

Ethyl methanesulfonate 
250 51.0 f 3.0 

ts9 

Trial 1 

Distilled water 83.8 f 1.3 

1,2-Epoxybutane 50 
100 

70.5 f 9.5 
71.0 f 5.0 

200 40.0 f 14.0 
400 56.0 f 13.0 
800 20.5 f 7.5 

1,600 Lethal 

Methylcholanthrene 
2.5 41.5 f 1.5 

Trial 2 

Distilled water 99.0 f 3.1 

1,2-Epoxybutane 50 
100 

91.5 f 
81.5 f 

5.5 
5.5 

200 86.5 f 0.5 
400 76.0 f 5.0 
800 41.0 f 7.0 

1,600 Lethal 

Methylcholanthrene 
2.5 76.5 f 6.5 

Relative 
Total Growth 

(percent) 

100.0 f 9.2 

91.5 f 3.5 
81.5 f 10.5 
81.0 f 2.0 
54.0 f 26.0 
10 

60.0 f 6.0 

100.0 f 6.0 

101.0 f 4.0 
94.0 f 21.0 

104.0 f 2.0 
93.0 f 9.0 
47.5 f 1.5 

70.0 f 6.0 

100.0 f 7.2 

99.5 f 8.5 
98.5 f 4.5 
51.5 f 12.5 
58.5 f. 8.6 
14.5 f 6.5 

22.0 f 3.0 

100.0 f 6.1 

69.5 f 6.5 
75.5 f 2.5 
64.5 f 6.5 
47.0 f 1.0 

9.0 f 1.0 

49.5 f 11.5 

Mutant 

Count 


67.3 f 7.5 

81.5 f 1.5 
76.0 f 1.0 

105.0 f 15.0 
174.5 f 92.5 
455 

341.5 f 24.5 

124.0 f 15.3 

123.5 f 11.5 
96.5 f 6.5 

163.5 f 7.5 
209.0 f 21.0 
614.0 k161.0 

470.0 f 27.0 

86.5 f 12.3 

45.5 f 13.5 
78.5 f 18.5 
67.0 f 19.0 

102.6 f 4.5 
176.5 f 16.5 

455.0 f 13.0 

200.3 f 11.0 

134.0 f 27.0 
133.0 f 4.0 
205.0 f 0.0 
365.5 f 14.5 
663.5 f 8.5 

679.5 k 95.5 

Mutant 

Fraction (c) 


30.3 f 4.8 

38.0 f 6.0 
36.0 f 7.0 
40.5 f 5.5 

(d)120.5 f 11.5 
545 

(d)173.0 f 8.0 

69.3 f 10.2 

65.5 f 4.5 
64.5 f 15.5 
83.0 f 6.0 

(d)109.5 f 1.5 
(d)492.0 f 52.0 

(d)311.0 f 38.0 

34.5 f 4.8 

21.0 f 4.0 
37.5 f 11.5 

(d)57.5 f 4.5 
(dl65.0It 18.0 

(d)347.5 f153.5 

(d)368.0 f 2.0 

68.0 f 4.8 

48.0 f 7.0 
55.0 f 2.0 
79.0 f 0.0 

(d) 161.5 f 4.5 
(d)558.5 f106.5 

303.0 f 68.0 
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TABLE E2. MUTAGENICITY OF 1.2-EPOXYBUTANE IN MOUSE L5178Y LYMPHOMA CELLS (Continued) 

Compound Concentration 
(pYrn1) 

Litton Bionetics, Inc., Study 

-s9 

Trial 1 

Distilled water 

1,2-Epoxybutane 0.0313 
0.0625 
0.125 
0.25 
0.5 

Ethyl methanesulfonate 
500 pg/ml 

Trial 2 

Distilled water 

1,2-Epoxybutane 	 0.0313 
0.0625 
0.125 
0.25 
0.5 
1 

Ethyl methanesulfonate 
500 pg/ml 

+59 

Trial 1 

Distilled water 

1,2-Epoxybutane 	 0.0156 
0.0313 
0.0625 
0.125 
0.25 
0.5 

Methylcholanthrene 
5pg/ml 

Trial 2 

Distilled water 

1,2-Epoxybutane 	 0.0313 
0.0625 
0.125 
0.25 
0.5 

Methylcholanthrene 
5 pg/ml 

Cloning
Efficiency 
(percent) 

86.3 f 3.7 

72.0 f 4.0 
89.0 f 10.0 
82.0 f 3.0 
83.0 f 5.0 
74.0 f 7.0 

42.0 f 4.0 

98.3 f 5.2 

94.5 f 0.5 
94.5 f 3.5 
90.5 f 12.5 
85.5 f 7.5 
64.0 f 8.0 

Lethal 

66.0 f 5.0 

86.5 f 1.6 

68.5 f 3.5 
83.0 f 9.0 
74.0 f 14.0 
73.5 f 12.5 
51.0 f 9.0 

Lethal 

36.5 f 2.5 

100.0 f 8.0 

105.5 f 3.5 
85.5 f 8.5 
85.0 f 1.0 
72.0 f 0.0 
33.5 f 2.5 

55.5 f 2.5 

Relative 
Total Growth 

(percent) 

100.3 f 3.5 

101.5 f 8.5 
98.0 f 6.0 
77.5 f 12.5 
74.5 f 3.5 
23.0 f 2.0 

25.0 f 2.0 

100.3 f 5.3 

98.0 f 3.0 
95.5 f 6.5 
97.0 f 3.0 
80.0 f 2.0 
22.0 f 2.0 

40.5 f 5.5 

100.0 f 8.4 

88.5 f 13.5 
86.5 f 3.5 
30.0 f 0.0 
21.5 f 0.5 
10.0 f 4.0 

11.0 f 2.0 

100.0 f 1.0 

74.5 f 2.5 
41.5 f 1.5 
33.5 f 2.5 
22.0 f 1.0 
4.0 f 0.0 

20.0 2 1.0 

Mutant 

Count 


69.3 f 6.5 

93.0 f 15.0 
103.5 f 6.5 
108.5 f 20.5 
200.0 f 8.0 
580.0 f 45.0 

981.0 f 59.0 

104.3 f 5.9 

85.5 f 1.5 
86.5 f 7.5 

156.0 f 14.0 
230.5 f 12.5 
698.0 f 63.0 

1,361.0 f 73.0 

186.0 f 9.2 

206.5 f 1.5 
315.0 f 31.0 
411.5 f 40.5 
546.5 f 39.5 
629.5 f 29.5 

637.5 f 20.5 

135.5 f 11.5 

162.5 f 2.5 
214.5 f 25.5 
240.5 f 16.5 
433.5 f 25.5 
520.0 f 65.0 

710.0 f 11.0 

Mu tan t 

Fraction (c) 


26.5 f 1.5 

(d)43.5 f 9.5 
40.0 f 7.0 

(d)45.0 f 10.0 
(d181.0 f 2.0 

(d)261.0 f 4.0 

(d)787.0 f 29.0 

35.8 f 2.8 

30.0 f 1.0 
30.5 f 3.5 

(d)58.0 f 3.0 
(d)90.5 f 3.5 

(d)366.0 f 13.0 

(d)695.0 f 86.0 

71.8 f 2.3 

101.0 f 4.0 
(d)126.5 f 0.5 
(d)189.0 f 17.0 
(d)258.0 f 61.0 
(d)421.5 f 54.5 

(d)592.5 f 58.5 

45.0 f 0.0 

51.5 f 2.5 
(d)84.0 f 2.0 
(d)95.0 f 8.0 

(d)201.0 f 11.0 
(d)518.5 f 23.5 

(d)424.5 f 13.5 
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TABLE Ea. MUTAGENICITY OF 1,2-EPOXYBUTANE I N  MOUSE L5178Y LYMPHOMA CELLS (Continued) 

Compound Concentration 
(@ml) 

Cloning
Efficiency 
(percent) 

Relative 
Total Growth 

(percent) 

Mutant 
Count 

Mutant 
Fraction (c) 

SRI International Study 

-99 

Dimethyl sulfoxide 84.0 f 1.0 100.0 f 1.o 119.0 f 30.0 47.5 f 12.5 

1.2-Epoxybutane 0.174 
0.204 
0.24 
0.283 
0.333 
0.392 
0.461 
0.542 
0.638 
0.75 

90.5 f 2.5 
86.5 f 7.5 
83.5 f 1.5 
83.0 f 1.0 
79.0 f 5.0 
64.5 f 0.5 
60.5 f 2.5 
43.0 f 2.0 
31.0 f 2.0 
21.0 f 1.0 

87.0 f 
72.0 f 
67.0 f 
62.5 f 
51.5 f 
39.0 f 
29.0 f 
15.5 f 
7.5 f 
4.0 f 

1.0 
7.0 
0.0 
2.5 
3.5 
1.o 
1.o 
0.5 
0.5 
0.0 

226.0 f 5.0 
282.0 f 6.0 
288.0 f 2.0 
361.5 f 3.5 
392.0 f 14.0 
445.0 f 9.0 
475.5 f 20.5 
464.0 f 19.0 
407.0 f 11.0 
320.5 f 10.5 

(d)83.5 f 4.5 
(d) 109.5 f 11.5 
(d) 115.5 f 3.5 
(d) 145.0 f 3.0 
(d) 166.0 f 5.0 
(d)229.5 f 6.5 
(d)262.0 f 1.0 
(d)363.0 f 31.0 
(d)441.0 f 37.0 
(d)511.0 f 6.0 

Ethyl methanesulfonate 
500 pg/ml 51.5 f 2.5 40.0 f 0.0 900.5 f 3.5 (d)584.0 f 28.0 

t59 

Trial 1 

Dimethyl sulfoxide 93.0 f 3.0 100.0 f 1.o 310.0 f 6.0 111.0 f 1.0 

1,2-Epoxybutane 0.066 
0.077 
0.091 
0.107 
0.126 
0.148 

66.0 f 0.0 
57.0 f 3.0 
43.0 f 2.0 
31.0 f 2.0 
24.5 f 1.5 
21 

40.0 f 
30.5 f 
15.5 f 
7.5 f 
4.5 f 
3 

0.0 
1.5 
0.5 
0.5 
0.5 

470.0 f 19.0 
586.5 f 25.5 
544.5 f 30.5 
489.0 f 10.0 
430.5 f 2.5 
321 

(d)237.5 f 9.5 
(d)346.5 f 32.5 
(d)424.0 f 43.0 
(d)534.5 f 25.5 
(d)579.5 f 31.5 

518 
0.174 Lethal 

Methylcholanthrene 
5 pghl  76.0 f 10.0 58.0 f 6.0 539.0 f 1.0 (d)239.0 ?I 31.0 

Trial 2 

Dimethyl sulfoxide 106.8 f 6.1 100.8 f 5.4 191.8 f 6.8 60.3 f 4.3 

1,2-Epoxybutane 0.037 
0.044 

89.0 f 5.0 
101.0 f 5.0 

77.0 f 
87.0 f 

0.0 
1.o 

262.0 f 12.0 
298.5 f 38.5 

(d)98.O f 
98.0 f 

1.0 
8.0 

0.051 
0.06 

94.0 f 0.0 
97.5 f 10.5 

79.0 f 
84.5 f 

1.0 
8.5 

298.5 f 62.5 
237.0 f 29.0 

(d) 106.0 f 22.0 
81.0 f 1.0 

0.071 
0.084 
0.098 
0.116 
0.136 
0.16 

94.5 f 1.5 
90.0 f 13.0 
82.0 f 2.0 
76.0 f 2.0 
60.0 f 5.0 
39.5 f 3.5 

68.5 f 
61.5 f 
49.0 f 
33.0 f 
15.0 f 
5.5 k 

2.5 
7.5 
0.0 
1.o 
2.0 
0.5 

336.5 f 14.5 
389.5 f 15.5 
459.0 f 9.0 
519.5 f 22.5 
638.0 f 29.0 
597.0 f 22.0 

(d) 119.0 f 7.0 
(d) 146.5 f 14.5 
(d) 186.0 f 1.0 
(d)229.0 f 4.0 
(d)356.5 f 15.5 
(d1510.0 f 25.0 

Methylcholanthrene 
5 pghl  73.0 f 2.9 39.7 f 3.9 702.7 f 11.7 (d)321.0 f 9.6 
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TABLE Ea. MUTAGENICITY OF 1,2-EPOXYBUTANE IN MOUSE L5178Y LYMPHOMA CELLS (Continued) 

(a)The experimental protocol is presented in detail by Myhr et al. (1985) and follows the basic format of Clive et  al. (1979). The 
highest dose of study compound is determined by solubility or toxicity and may not exceed 5 mg/ml. Cells (6 X lO5/ml) 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 106cells were plated in medium and soft agar supplemented with trifluorothymidine for selection of cells that were mutant 
at the thymidine kinase (TK) locus, and 600 cells were plated in nonselective medium and soft agar to determine the cloning 
efficiency.
(b)Mean ?r standard error of replicate trials for approximately 3 x 106 cells each, All data are evaluated statistically for both 
trend and peak response. Both responses must be significantly (P<0.05) positive for a chemical to be considered mutagenic. If 
only one of these responses is significant, the call is "questionable"; the absence of both trend and peak response results in a 
"negative" call. 
(c)Mutant fraction (frequency) is a ratio ofthe mutant count to the cloning efficiency, divided by 3 (to arrive a t  MF per 1 X 106 
cells treated); MF = mutant fraction. 
(d) Signifcant positive response; occurs when the relative mutant fraction (average MF of treated culture/average MF of 
solvent control) is greater than or equal to 1.6. 
(e) Tests conducted with metabolic activation were performed as described in (a) except that S9, prepared from the liver of 
Aroclor 1254-induced F344 rats, was added at the same time as the study chemical and/or solvent. 
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TABLE E3. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY 14-EPOXYBUTANE (a) 

Relative 
No. of SCEs/ Hours SCEs/cell 

Compound Dose Total Chromo- No. of Chromo- SCEs/ in BrdU (percent)
(pg/ml) Cells somes SCEs some Cell (b) 

Trial l-Summary: Positive 

Dimethyl sulfoxide 50 1,045 416 0.40 8.3 26.5 

13-Epoxybutane 1.6 50 1.041 497 0.48 9.9 26.5 119.3 
5 50 ii034 53 1 0.51 10.6 26.5 127.7 

16 50 1,035 735 0.71 14.7 26.5 177.1 
50 50 1,044 1,572 1.51 31.4 26.5 378.3 

160 0 

Mitomycin C 0.001 50 1,043 470 0.45 9.4 26.5 113.3 
0.010 50 1,046 2,571 2.46 51.4 26.5 619.3 

Trial 2-Summary: Positive 

Dimethyl sulfoxide 

50 1,047 453 0.43 9.1 26.0 


1.2-epoxy butane 
16 50 1.030 636 0.62 12.7 26.0 139.6 
50 50 1i037 1,185 1.14 23.7 26.0 260.4 

100 50 1,045 1,739 1.66 34.8 26.0 382.4 
160 50 1,033 2,460 2.38 49.2 26.0 540.7 

Mitomycin C 
0.001 50 1,040 1,208 1.16 24.2 26.0 265.9 
0.010 25 509 1,652 3.25 66.1 26.0 726.4 

+89 (d) 

Trial 1--Summary: Positive 

Dimethyl sulfoxide 
50 1,046 470 0.45 9.4 26.0 

1.2-Epoxybutane 
16 50 1,030 501 0.49 10.0 26.0 106.4 
50 50 1,043 632 0.61 12.6 26.0 134.0 

160 50 1,045 1,090 1.04 21.8 26.0 231.9 
500 50 1.049 2.151 2.05 43.0 26.0 457.4 

1,600 0 
. . ~  

Cyclophosphamide 
0.3 50 1,046 790 0.76 15.8 26.0 168.1 
2 50 1,050 2,006 1.91 40.1 26.0 426.6 

Trial 2--Summary: Positive 

Dimethyl sulfoxide 

50 1,040 46 1 0.44 9.2 26.0 


1.2-Epoxybutane 
16 50 1,046 466 0.45 9.3 26.0 101.1 
50 50 1,045 564 0.54 11.3 26.0 122.8 

160 50 1,043 775 0.74 15.5 26.0 168.5 
500 50 1,042 1,63 1 1.57 32.6 26.0 354.3 

Cyclophosphamide 
0.3 50 1,036 678 0.65 13.6 26.0 147.8 
2 10 207 430 2.08 43.0 26.0 467.4 
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TABLE E3. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY l$-EPOXYBUTANE (Continued) 

(a)Study performed a t  Environmental Health Research and Testing Laboratory. SCE = sister chromatid exchange; BrdU = 
bromodeoxyuridine; a detailed description ofthe SCE protocol is presented by Galloway et  al. (1985). Briefly, Chinese hamster 
ovary cells were incubated with study compound or solvent (dimethyl sulfoxide) as described in (c) or (d) below and cultured for 
sufficient time to reach second metaphase division. Cells were then collected by mitotic shake-off, fixed, air-dried, and stained. 
(b)SCEs/cell of culture exposed to study chemical relative to those of culture exposed to solvent 
(c)In the absence ofS9, 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 and colcemid 
was added, and incubation was continued for 2-3 hours. Cells were then collected by mitotic shake-off, fixed, dropped onto 
slides, air-dried, and stained (Galloway et al., 1986). 
(d)In the presence of S9, cells were incubated with study compound or solvent for 2 hours a t  37"C. Then cells were washed, and 
medium containing BrdU was added. Cells were incubated for a further 26 hours, with colcemid present for the final 2-3 hours. 
S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
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TABLE E4. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY l$-EPOXYBUTANE (a) 

Dose 
(pg/ml) 

Total 
Cells 

No. of 
Abs 

Absf 
Cell 

Percent  

with Abs 
Cells 

Dose 
(pg/ml) 

Total 
Cells 

No. of 
Abs 

Abs/
Cell 

Percent  

with Abs 
Cells 

~~~ 

-S9 (b) -59 (b) 

Trial 1--Harvest time: 13.0 hours Trial 2--Harvest time: 12.0 hours 

Dimethyl sulfoxide 
100 2 0.02 2 

Dimethyl sulfoxide 
100 0 0.000 0 

1,2-Epoxybutane
16 100 
50 100 

160 100 
500 56 

1,600 0 

4 
3 

13 
10 

0.04 
0.03 
0.13 
0.18 

4 
3 
7 

16 

1,2-Epoxybutane
16 100 
50 100 

160 100 
500 40 

4 
0 
1 
8 

0.04 
0.00 
0.01 
0.20 

4 
0 
1 

18 

Summary: Weakly positive Summary: Questionable 

Mitomycin C 
0.25 
1 

100 
50 

33 
18 

0.33 
0.36 

30 
26 

Mitomycin C 
0.25 100 
1 50 

24 
19 

0.24 
0.38 

21 
34 

+ s9 (c) ts9 (Cl 

Trial 1--Harvest time: 14.0 hours Trial 2--Harvest time: 12.0 hours 

Dimethyl sulfoxide 
100 3 0.03 3 

Dimethyl sulfoxide 
100 3 0.03 3 

1,2-Epoxybutane 
16 100 
50 100 

160 100 
500 100 
500 100 

4 
6 
8 
3 
9 

0.04 
0.06 
0.08 
0.03 
0.09 

4 
3 
7 
3 
9 

1,2-Epoxybutane
16 100 
50 100 

160 100 
500 100 
750 0 

5 
0 
0 
9 

0.05 
0.00 
0.00 
0.09 

Summary: Weakly positive Summary: Negative 

Cyclophosphamide
15 100 
50 50 

14 
28 

0.14 
0.56 

13 
42 

Cyclophosphamide
15 100 
50 50 

25 
27 

0.25 
0.54 

21 
40 

Trial 3-Harvest time: 12.0 hours 

Dimethyl sulfoxide 
100 1 0.01 1 

1,2-Epoxybutane 
50 100 

160 100 
500 100 
750 100 

3 
2 
2 

14 

0.03 
0.02 
0.02 
0.14 

3 
2 
2 

13 

Summary: Positive 

Cyclophosphamide
15 100 
50 50 

16 
25 

0.16 
0.50 

13 
38 
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TABLE E4. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY 1,2-EPOXYBUTANE (Continued) 

(a)Study performed a t  Environmental Health Research and Testing Laboratory. A detailed presentation of the technique for 
detecting chromosomal aberrations is found in Galloway et al. (1985). Briefly, Chinese hamster ovary cells were incubated with 
study compound or solvent as indicated in (b) or (c). Cells were arrested in first metaphase by addition of colcemid and 
harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. 
(b)In the absence ofS9, 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 was added for an additional 2-3 hours followed by harvest. 
(c)In the presence of S9, cells were incubated with study compound or solvent for 2 hours at 37' C. Cells were then washed, 
medium was added, and incubation was continued for 8-10hours. Colcemid was added for the last 2-3 hours of incubation prior 
to harvest. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
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TABLE E5. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA BY 
1,2-EPOXYBUTANE (%b) 

Route of Incidence of Incidence of No. of Lethals/No. of XChromosomes Tested Overall 
Exposure Dose Lethality Sterility Mating 1 Mating 2 Mating 3 Total 

(ppm) (percent) (percent) (b) 

Feeding 50,000 24 5 711.902 511$6 1 4/1,788 1615,310 (0.3%) 
0 212,154 1/2,113 1/2,002 4/6,269 (0.06%) 

(a)Study performed at University of Wisconsin, Madison 
6)A detailed protocol of the sex-linked recessive lethal assay is presented in Zimmering et  al. (1985). Exposure by feeding was 
done by allowing 24-hour-old Canton-S males to feed for 3 days on a solution of the study chemical dissolved in 5% sucrose. 
Exposed males were mated to three Basc females for 3 days and given fresh females at 2-day intervals to produce three broods of 
3.2, and 2 days; sample sperm from successive matings were treated as spermatozoa (mating l), spermatids (mating 2), and 
spermatocytes (mating 3). F, heterozygous females were crossed to their siblings and placed in individual vials. F, daughters
from the same parental male were kept together to identify clusters; none was found. After 17 days, presumptive lethal 
mutations were identified asvials containing nowild-type males; these were retested. Results were significant at the 5% level 
(Margolin et  al., 1983). 

TABLE EB. INDUCTION OF RECIPROCAL TRANSLOCATIONS IN DROSOPHILA BY 
l&EPOXYBUTANE (a,b) 

Transfers Total Total No. Total Trans- 
Route of Dose (translocations/totaI F1 tested) No. of of Trans- locations 
Exposure (ppm) 1 2 3 4 5 6 Tests locations (percent) 

Feeding 50,000 011,681 011,532 011,433 0/1,298 11374 01116 6,434 1 0.01 
60,000 01430 01418 1/426 01319 0/202 0/148 1,943 1 0.05 

Historical 
control 0 104,844 2 0.0019 

(a)Study performed at University of Wisconsin, Madison 
(b)A detailed protocol of the reciprocal translocation assay is presented in Zimmering et  al. (1985). Exposed males were mated 
to three bw;e females for 3days and discarded. The females were transferred to fresh medium every 3-4 days to produce a total 
of six cultures, and then they were discarded. In this manner, successive cultures sample sperm that were stored for increasing 
lengths of time. Individual F,males were backcrossed to bw;e females, and the F2were screened for pseudolinkage. This pro- 
cedure allows the recovery of translocations involving the Y,second, or third chromosomes in any combination. Presumptive 
translocations were retested. Results were significant a t  the 5% level (Kastenbaum and Bowman, 1970). 
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APPENDIX F. RESULTS OF SEROLOGIC ANALYSIS 

I. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in op- 
timally clean facilities to eliminate potential pathogens that may affect study results. 

A few F344/N rats from each exposure group were bled from the tail during months 2 and 17. Blood 
was taken from 10 B6C3F1 mice killed in a moribund state between months 20 and 22. Data from 
animals surviving 24months were collected from 5/50 randomly selected control animals of each sex 
and species. The blood from each animal was collected and clotted, and the serum separated. The 
serum was cooled on ice and shipped to Microbiological Associates’ Comprehensive Animal Diag- 
nostic Service for determination of the antibody titers. The following tests were performed: 

Hemagglutination 
Inhibition 

Complement
Fixation ELISA 

Mice PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 

M. Ad. (mouse adenovirus) 
LCM (lymphocytic hepatitis virus) 

MHV (mouse 

GDVII (Theiler’s 
encephalomyelitis virus) 

choriomeningitis virus) M . pul. (Mycoplasma 
pulmonis) (24mo) 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai 

Rats PVM 
KRV (Kilham rat  virus) 

RCV (rat coronavirus) 
(2’17 mo) 

RCV (24mo) 

H-1 (Toolan’sH-1 virus) SDAV (Sialodacryoadenitis 
Sendai virus) 

II. Results 

TABLE F1. MURINE ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
INHALATION STUDIES OF 1,2-EPOXYBUTANE (a) 

No. of Positive Serologic 
Interval (months) Animals Reaction for 

RATS 

2 None positive 
17 3/5 males,3/5 females RCV/SDAV 
24 515 males.515 females RCV/SDAV 

MICE 

20-22 None positive 
24 None positive 

~ 

(a)Samples were sent toMicrobiological Associates (Bethesda, MD) for determination of antibody titers. 
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TABLE Cl. INGREDIENTS OF NIH 

Ingredients (b) 

Ground X2 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)
Corngluten meal (60% protein) 
Soy oil 
Brewer’s dried yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

(a)NIH,1978; NCI, 1976 

07 RAT AND MOUSE RATION (a) 

Percent by Weight 

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 

(b)Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE G2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Vitamin 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
B12 

Pyridoxine 

Biotin 


Mineral 

Iron 

Manganese 

Zinc 

Copper 

Iodine 

Cobalt 


Amount 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 

10.0 g 
4,000 pg

1.7 g 
140.0 mg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4g 
0.4 g 

Source 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione activity 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a)Per ton (2,000 lb) of finished product 
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TABLE G3. NUTRIENT COMPOSITION O F  NIH 07 RAT AND MOUSE RATION (a) 

Mean f 
Nutrients Standard Deviation Range Number of Samples 

Crude protein (percent by weight) 23.6 f 0.73 22.2-24.9 25 
Crude fat (percent by weight) 4.9 f 0.54 3.3-5.7 25 
Crude fiber (percent by weight) 3.30 f 0.25 2.9-3.8 25 
Ash (percent by weight) 6.5 f 0.46 5.7-7.31 25 

Essential Amino Acid (percent of total diet) 

Arginine 1.323 f 0.830 1.21-1.39 4 
Cystine 0.310 f 0.099 0.218-0.400 4 
Glycine 1.155 f 0.069 1.06-1.21 4 
Histidine 0.572 f 0.030 0.530-0.603 4 
Isoleucine 0.910 f 0.033 0.881-0.944 4 
Leucine 1.949 f 0.065 1.85- 1.99 4 
Lysine 1.279 f 0.075 1.20- 1.37 4 
Methionine 0.422 f 0.187 0.306-0.699 4 
Phenylalanine 0.909 f 0.167 0.665-1.04 4 
Threonine 0.844 f 0.029 0.824-0.886 4 
Tryptophan 0.187 0.171-0.211 3 
Tyrosine 0.631 f 0.094 0.566-0.769 4 
Valine 1.11 f 0.050 1.05-1.17 4 

Essential Fatty Acid (percent of total diet) 

Linoleic 2.44 2.37-2.52 3 
Linolenic 0.274 0.256-0.308 3 
Arachidonic 0.008 1 

Vitamin 

Vitamin A (IUkg) 12,052 f 4,522 4,100-24,000 25 
Vitamin D (IUkg) 3,650 3,000-6,300 2 
a-Tocopherol (ppm) 41.53 f 7.52 31 J-48.9 4 
Thiamine (ppm) 16.4 f 2.17 13.0-21.O 25 
Riboflavin (ppm) 7.5 f 0.96 6.1-8.2 4 
Niacin (ppm) 85.0 f 14.2 65.0-97.0 4 
Pantothenic acid (ppm) 29.3 f 4.6 23.0-34.0 4 
Pyridoxine (ppm) 7.6 f 1.5 5.6-8.8 4 
Folic acid (ppm) 2.8 f 0.88 1.8-3.7 4 
Biotin (ppm) 0.27 f 0.05 0.21 -0.32 4 
Vitamin BIZ(ppb) 21.0 f 11.9 11.0-38.0 4 
Choline (ppm) 3,302.0 f 120.0 3,200-3,430 4 

Mineral 

Calcium (percent) 1.27 2 0.11 1.1 1-1.44 25 
Phosphorus (percent) 0.98 f 0.05 0.88-1.11 25 
Potassium (percent) 0.862 f 0.10 0.772-0.970 3 
Chloride (percent) 0.546 f 0.10 0.442-0.635 4 
Sodium (percent) 0.311 f 0.038 0.258-0.350 4 
Magnesium (percent) 0.169 f 0.133 0.151-0.181 4 
Sulfur (percent) 0.316 f 0.070 0.270-0.420 4 
Iron (ppm) 447.0 f 57.3 409-523 4 
Manganese (ppm) 90.6 f 8.20 81.7-95.5 4 
Zinc (ppm) 53.6 f 5.27 46.1 -58.6 4 
Copper(ppm) 10.77 f 3.19 8.09-15.39 4 
Iodine (ppm) 2.95 f 1.05 1.52-3.82 4 
Chromium (ppm) 1.81 f 0.28 1.44-2.09 4 
Cobalt (ppm) 0.68 f 0.14 0.49-0.80 4 

(a) One to four batches offeed analyzed for nutrients reported in this table were manufactured from 1983 through 1985. 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (a) 

Contaminant 

Arsenic (ppm) 

Cadmium (ppm) (a) 

Lead (ppm) 

Mercury (ppm) 

Selenium 


Aflatoxins (ppb) (a) 


Nitrate nitrogen (ppm) (b) 

Nitrite nitrogen (ppm) (b) 

BHA (ppm) (c) 

BHT (ppm) (c) 


Aerobic plate count (CFU/g) (d) 

Coliform (MPN/g) (e) 

Coliform (MPN/g) (D

E. coli (MPN/g) (g) 

Total nitrosamines (ppb) (h) 
N-Nitrosodimethylamine (ppb) (h) 
N-Nitrosopyrrolidine (ppb) 

Pesticide (ppm) (b) 

a-BHC (a, i) 

B-BHC (a) 

y-BHC-Lindane (a) 

S-BHC (a) 

Heptachlor (a)

Aldrin (a) 

Heptachlor epoxide (a) 

DDE (a) 

DDD (a) 

DDT (a)

HCB (a) 

Mirex (a) 

Methoxychlor c j )  

Dieldrin (a) 

Endrin (a) 

Telodrin (a) 

Chlordane (a)

Toxaphene (a)

Estimated PCBs (a)

Ronnel (a) 

Ethion (a) 

Trithion (a)

Diazinon (a)

Methyl parathion (a)

Ethyl parathion (a)

Malathion (k)

Endosulfan 10) 

Endosulfan II (1)

Endosulfan sulfate (1) 


Mean F 
Standard Deviation 

0.53 f 0.13 
co.1 

0.80 f 0.64 
C0.05 

0.29 f 0.06 

4 5  

9.2 f 4.7 
2.3 f 1.92 
5.1 f 4.9 
2.9 f 2.7 

44,180 f 35,870 
11.5 f 20.1 
32.8 f 91.7 

<3 

4.0 f 2.6 
3.1 f 2.5 

1.14 _+ 0.47 

co.01 
c0.02 
co.01 
<0.01 
co.01 
<0.01 
co.01 
co.01 
<0.01 
co.01 
co.01 
co.01 
C0.05 
co.01 
<0.01 
co.01 
C0.05 
co.1 
<0.2 
co.01 
c0.02 
C0.05 
co.1 
c0.02 
c0.02 

0.10 f 0.10 

co.01 

co.01 
C0.03 

Range 

0.27-0.77 
c0.1-0.1 
0.33-3.37 

0.14-0.38 

c 5  

co.1-22.0 
CO.1-7.2 

<2.0-17.0 
c1.0-12.0 

5,500-130,000 
<3-93 
C3-460 

0.8-9.3 
0.8-8.3 

CO.9-2.9 

0.06 (7/26/83) 

CO.05-0.45 

Number of Samples 

25 
25 
25 
25 
25 

25 

25 
25 
25 
25 

25 
24 
25 
25 

25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
23 
23 
23 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

(a)All values were less than the detection limit. The detection limit is given as the mean. 
(b)Sources of contamination: alfalfa, grains, and fish meal 
(c)Sources of contamination: soy oil and fish meal 
(d)CFU = colony forming unit 
(e)MPN = most probable number; mean, standard deviation, and range exclude one very high value of 460 MPN/g obtaiqed for 

the batch produced on 9/23/82.

(0Mean, standard deviation, and range include the high value given in footnote d. 

(g)All values were less than 3 MPN/g.
(h)All values were corrected for percent recovery. 
(i)BHC = hexachlorocyclohexane or benzene hexachloride 

c j )  There was one observation above the detection limit. The value and the date it was obtained are given under the range. 

(k)Twelve batches contained more than 0.05 ppm. 
(1) Four batches (10/26/81-11/25/81)were not analyzed for endosulfan I, endosulfan II, or endosulfan sulfate. 
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DATA AUDIT SUMMARY 


175 1,2-Epoxybutane,NTP TR 329 




APPENDIX H. DATA AUDIT SUMMARY 

The experimental data, documents, pathology materials, and draft NTP Technical Report for the 2- 
year toxicology and carcinogenesis studies of 1,2-epoxybutane in rats and mice were audited for ac- 
curacy, consistency, completeness, and compliance with Good Laboratory Practice regulations (im- 
plemented by the NTP beginning October 1, 1981). The studies were conducted for the NTP by 
Battelle Pacific Northwest Laboratories, Richland, Washington, under a subcontract with Tracor 
Jitco, Inc., until 1982 and then under contract with NIEHS. Animal exposures to 1,2-epoxybutane be- 
gan in November 1981and ended in November 1983. The retrospective audit was conducted a t  the 
NTP Archives in April and May 1986 by the following personnel from Argus Research Laboratories: 
Paul A. Wennerberg, D.V.M., M.S. (Principal Investigator); Lynn E. Blalok, M.S.;Betty L. Brandau, 
Ph.D.; and Sharon H. Srebro, BS; and the following personnel from Pathology Associates, Inc.: 
Kathleen M. Walsh, D.V.M., Diplomate A.C.V.P.; Stephanie M. Taulbee; and Trella S. Cooper, B.A. 

The audit report is on file a t  the NIEHS, Research Triangle Park, North Carolina. The audit included 
a review of the following material: 

All records concerning animal receipt, quarantine, randomization, and disposition before 

start of studies. 

Chemistry data for a random 10% of the exposure days and all other chemistry records. 

Body weights and clinical observation data from a random 10% sample of the study animals. 

All inlife records concerning environmental conditions, palpable masses, mortality, and ani- 

mal identification. 

All postmortem records for individual animals concerning identification, disposition codes, 

and condition codes and correlation between gross observations and microscopic diagnoses. 

Wet tissues from a random 10% of the study animals to verify animal identification and to ex- 

amine for untrimmed potential lesions. 


(7) 	 Slides and blocks of tissues from all control and high dose animals to examine for proper 
match and inventory. 
Tabulated pathology diagnoses for a random 10% of study animals to verify computer data 
entry. 

The audit showed that the data in the Technical Report (including inlife observations, chemistry, and 
pathology data) correspond to the data a t  the NTP Archives. Clinical observations were not always 
consistent from month to month. Some animals were able to escape from their individual cages with- 
in the exposure chamber (a total of 41 instances during the 2 years); the animals were returned to the 
appropriate cage unit according to standard operating procedures. Missing ear tags were replaced ac- 
cording to standard operating procedures, and animal identification in the wet tissue bags agreed 
with the assigned study-specific number and animal number. A few untrimmed potential lesions 
were found in the wet tissues (predominantly in the stomach and spleen), but none was found in the 
target organs associated with carcinogenic effect (i.e., nose or lungs of rats). Additional diagnoses 
were not performed, since they would not have altered the interpretations of the study. 

The NIEHS/NTP concludes that the data a t  the NTP Archives support the results presented in this 
Technical Report. 
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