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N O T E T O T H E  READER 

This study was performed under the direction of the National Institute of Environmental Health Sci- 
ences as a function of the National Toxicology Program. The studies described in this Technical Re- 
port have been conducted in compliance with NTP chemical health and safety requirements and must 
meet or exceed all applicable Federal, state, and local health and safety regulations. Animal care and 
use were in accordance with the U.S. Public Health Service Policy on Humane Care and Use of Ani- 
mals. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being pre- 
sented for public peer review. 

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

These NTP Technical Reports are  available for sale from the National Technical Information Service, 
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single 
copies of this Technical Report are  available without charge (and while supplies last) from the NTP 
Public Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, 
NC 27709. 
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H2C - 
\ 0 iHZ 

ETHYLENE OXIDE 

CAS NO. 75-21-8 

C2H40 Molecular weight 44.05 

Synonyms: oxirane; EO; ETO; dihydrooxirene; dimethyle ne oxide; 1,2-epoxyethane; oxane; 
a$-oxidoethane 

ABSTRACT 

Ethylene oxide is a major industrial chemical used primarily 1s an  intermediate in the manufacture 
of other chemicals; e.g., ethylene glycol, a major component of automotive and other antifreeze prod- 
ucts. Exposure to ethylene oxide is greatest in the health care industry, where an  estimated 75,000 
workers are  potentially exposed. Ethylene oxide was nomimted for toxicology and carcinogenesis 
studies in B6C3F1 mice because of its extensive production; the potential for human exposure in the 
workplace, from medical devices, or from food; the positive results of genetic toxicology assays; and 
the previous use of only F344/N rats in inhalation carcinogenicity studies. 

Two inhalation studies reported in 1984 by Snellings et  al. and by Lynch et  al. demonstrated car- 
cinogenic responses in F344 rats. Results were similar in both studies and consisted of increased inci- 
dences of mononuclear cell leukemia, peritoneal mesotheliomas, and primary brain tumors. 

Experimental Design: Toxicology and carcinogenesis studies of ethylene oxide (greater than 99% 
pure) were conducted by exposing groups of 50 B6C3F1 mice of'each sex to a i r  containing 0,50, or 100 
ppm ethylene oxide, 6 hours per day, 5 days per week for 102 weeks. These doses were selected be- 
cause, in 14-week studies, all mice exposed a t  600 ppm died within l week, and all mice exposed at 
400 ppm died by week 4. Rhinitis was observed in both sexes e vposed a t  200,400, and 600 ppm as was 
renal tubular degeneration in both sexes a t  100,200, and 400 ppm. The latter effects observed at 100 
ppm were slight and deemed not to be life threatening in 2-yeais studies. 

Two-year Studies: Survival of exposed and control mice was comparable in the 2-year studies (male: 
control, 28/50; low dose, 31/50; high dose, 34/50; female: 25/50; 24/50; 31/50). Final mean body 
weights in exposed mice were 95%-102% of those of the controls. No compound-related clinical signs 
were observed. 

Those neoplastic lesions that occurred a t  elevated incidences in mice exposed to ethylene oxide are  re- 
ported in the following table. In male mice, alveolarhronchiolar carcinomas, alveolarhronchiolar 
adenomas, and papillary cystadenomas of the harderian gland occurred with positive trends. In fe- 
male mice, alveolarhronchiolar adenomas, alveolarhronchiol u carcinomas, papillary cystadenomas 
of the harderian gland, malignant lymphomas, and uterine adenocarcinomas occurred with positive 
trends. Mammary gland tumors also were increased in exposed female mice. 

Data Audit: An audit of the experimental data was conducted %r the 2-year studies of ethylene oxide. 
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" for B6C3F1 mice as indicated by dose-related increased incidences of benign or 
malignant neoplasms of the lung and benign neoplasms of the harderian gland in both male and fe- 
male B6C3F1 mice following exposure to ethylene oxide vapors a t  50 and 100 ppm. In female mice, 
ethylene oxide caused additional malignant neoplasms of the uterus, mammary gland, and hemato- 
poietic system (lymphoma). 

NEOPLASTIC LESIONS RELATED TO ETHYLENE OXIDE EXPOSURE IN B6C3F1 MICE 

Chamber Control 50 ppm 100 ppm 

MALE 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Harderian gland papillary cystadenoma 
Harderian gland papillary cystadenocarcinoma 

FEMALE 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Harderian gland papillary cystadenoma 
Harderian gland papillary cystadenocarcinoma 
Malignant lymphoma 
Uterine adenocarcinoma 
Mammary gland adenocarcinoma or adenosquamous carcinoma 

5/50 (10%) 
6/50 (12%) 
1/43 (2%) 
0/43 (0%) 

2/49 (4%) 
0149 (0%) 
1/46 (2%) 
0/46 (0%) 
9/49 (18%) 
0/49 (0%) 
1/49 (2%) 

11/50 (22%) 
10/50 (20%) 
9/44 (20%) 
0144 (0%) 

4/48 (8%) 
1/48 (2%) 
6/46 (13%) 
1/46 (2%) 
6/48 (13%) 
1/47 (2%) 
8/48 (17%) 

11/50 (22%) 
16/50 (32%) 
8/42 (19%) 
1/42 (2%) 

17/49 (35%) 
7/49 (14%) 
8/47 (17%) 
0/47 (0%) 
22/49 (45%) 
5/49 (10%) 
6/49 (12%) 

SUMMARY O F  THE TWO-YEAR INHALATION STUDIES O F  ETHYLENE OXIDE 

Male B6C3F1 Mice Female B6C3F1 Mice 

Exposure concentrations 
0,50, or 100 ppm ethylene oxide 

Survival rates 
28/50; 31/50; 34/50 

Nonneoplastic effects 
None 

Neoplastic effects 
Neoplasms of the lung and 
harderian gland 

Level of evidence of carcinogenic activity 
Clear evidence 

0,50, or 100 ppm ethylene oxide 

25/50; 24/50; 31/50 

None 

Neoplasms of the lung and 
harderian gland 

Clear evidence 

*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 page 9. 
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EXPLANATION OF LEVELS OF EVIDENCE 0 F CARCINOGENIC ACTIVITY 
These studies are designed and conducted to characterize and evaluate the toxicolsigic potential, including carcinogenic activity, of selected 
chemicals in laboratory animals (usually two species, rats and mice), Chemicals sdected for NTP toxicology and carcinogenesis studies are 
chosen primarily on the bases of human exposure, level of production, and cheniical 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 iieoplasia 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 is carcinogenic for laboratory animals under the conditio:is 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 experimenls 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 evidmce including: animal studies such as  those conducted by 
the NTP, epidemiologic studies, and estimates of exposure, Thus, the actual detcrmination of risk to humans from chemicals found to be 
carcinogenic in laboratory animals requires a wider analysis that  extends beyond 1.he purview of these studies. 

Five categories of evidence of carcinogenic activity are used in the Technical ReFort series to summarize the strength of the evidence ob- 
served in each experiment: two categories for positive results (“Clear Evidence” and “Some Evidence”h one category for uncertain findings 
(“Equivocal Evidence”); one category for no observable effects (“No Evidence”); ant1 one category for experiments that  because ofmajor flaws 
cannot be evaluated (“Inadequate Study”). These categories of interpretative cont:lusions were first adopted in June 1983 and then revised 
in March 1986 for use in the Technical Reports series to incorporate more specifically the concept of actual weight of evidence of 
carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice), one of the following quintet is selected 
to describe the findings, These categories refer to  the strength ofthe experimental evidence and not to either potency or mechanism. 

Clear Evidence of Carcinogenic Activity is demonstrated by studies t . iat  are interpreted as  showing a dose-related (i) increase 
of malignant neoplasms, ( i i )  increase of a combination of malignant and tienign neoplasms, or (iii) marked increase of benign neo- 
plasms if there is an indication from this or other studies ofthe 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, consideratim 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 of the experimental design and conduct; 
Occurrence of common versus uncommon neoplasia; 
Progression (or lack thereof) from benign to malignant neoplasia as  well ail from preneoplastic lesions; 
Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible 
to identify the difference. Therefore, where 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 r ?present stages of progression in the same organ or tissue; 
Latency in tumor induction; 
Multiplicity in site-specific neoplasia; 
Metastases; 

0 Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in 
another sex or species); 
The presence or absence ofdose relationships; 
The statistical significance of the observed tumor increase; 
The concurrent control tumor incidence as well as the historical control ra1.e and variability for a specific neoplasm; 
Survival-adjusted analyses and false positive or false negative concerns; 

0 Structure-activity correlations; and 
0 In some cases,genetictoxicology. 

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 CARCINOGI3NESIS STUDIES OF 

ETHYLENE OXIDE 

On August 19, 1986, the draft Technical Report on the toxicology and carcinogenesis studies of 
ethylene oxide 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. Trent R. Lewis, NIOSH/NTP, introduced the studies by reviewing the experimental design, 
results, and proposed conclusions (clear evidence of carcinogenx activity). 

Dr. Mirer, a principal reviewer, agreed with the conclusions as  written. He felt that higher doses 
could have been used, since there were no declines in weight gain, increases in mortality, or increases 
in nontumor pathology; thus, there may have been a reduction in sensitivity for detecting tumor-in- 
duction potential a t  other organ sites. Dr. Lewis said that ethy .ene oxide has a moderately steep dose- 
response curve so that increasing the top dose might have resulted in inadequate survival. 

As a second principal reviewer, Dr. Capen agreed with the conclusions as  written. 

As a third principal reviewer, Dr. Hooper also agreed with the conclusions. He asked that more ex- 
posure information and dose levels from various studies be cit .d, including a number of genetic toxi- 
cology studies. This would allow the reader to compare exposure levels with those in the current 
study as well as  with allowable workplace exposure concentrations. Dr. Lewis replied that such de- 
tailed information could be included, although since so much has been reported previously, perhaps 
inclusion of references to pertinent review articles would be apxopriate.  

In other discussion, Dr. Purchase commented on the metabolic conversion of ethylene to ethylene 
oxide in mammals and the fact that ethylene oxide can be detected in exhaled air  in untreated mam- 
mals. Dr. Scala said that since lesions were observed in several organs in the short-term studies, a 
simple statement should be made that these lesions were not seen in the 2-year studies. 

Dr. Mirer moved that the Technical Report on ethylene oxide be accepted with the conclusions a s  
written for male and female mice, clear evidence of carcinogenic activity. Dr. Capen seconded the 
motion, and it was approved by 10 affirmative votes with 1 absf#ention (Dr. Purchase). 
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I. INTRODUCTION 

H2C - 
\ 
0 

ETHYLENE OXIDE 

CAS NO. 75-21-8 

C2H40 Molecular weight 44.05 

Synonyms: oxirane; EO; ETO; dihydrooxirene; dimethylene oxide; 1,2-epoxyethane; oxane; 
a$-oxidoethane 

Chemical Identification 

At room temperature, ethylene oxide is a flam- 
mable and reactive gas; the flash point is 18" C 
(open cup), and the upper and lower explosive 
limits are  100% and 3% by volume in air. The 
saturated vapor pressure a t  20" C is 1,095 torr. 
Ethylene oxide is miscible with water and most 
organic solvents. Its odor, which has been de- 

plants and in hospitals than in the chemical 
process industry, although such exposure is usu- 
ally short term and intermittent (Glaser, 1979). 
An estimated 75,000 health care workers in the 
United States are  potentially exposed to ethyl- 
ene oxide (NIOSH, 1981). 

Regulation 

scribed as etherlike, is detectable a t  about 700 
ppm or higher (NIOSH, 1981). Over the past decade, the toxicity of ethylene ox- 

ide has been investigated extensively, and sev- 
Production and Use 

Ethylene oxide is produced chiefly by the oxida- 
tion of ethylene in the presence of a silver oxide 
catalyst (WHO, 1985). Because of its reactivity 
and use in the synthesis of many organic com- 
pounds, in particular ethylene glycol, ethylene 
oxide is a major industrial chemical. It is among 
the 25 chemical compounds with the greatest  
annual production (approximately 6 billion 
pounds--2.7 billion kg) in the United States. I t  is 
used primarily as a chemical intermediate in the 
manufacture of antifreeze, polyester resins, non- 
ionic su r fac t an t s ,  a n d  spec ia l ty  so lven t s  
(NIOSH, 1981). Most ethylene oxide is con- 
sumed in the chemical plants where it is pro- 
duced. Approximately 0.24% of the ethylene 
oxide produced annually in the United States 
(approximately 7 million kg) is used in the man- 
ufacture of medical products, and about 0.02% 
(540,000 kg) is used as a gaseous steri lant in 
hospitals (Glaser, 1979). Less than 1% is used as 
a n  insecticidal fumigant (USEPA, 1985). As a 
sterilant, it is usually diluted about 90% with an  
inert gas to reduce explosion hazards. Occupa- 
tional exposure to ethylene oxide tends to be 
greater in health instrument manufacturing 
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- 
era1 reviews on the chemical have been pub- 
lished (ECETOC, 1982, 1984; USEPA, 1985; 
IARC, 1985; WHO, 1985; Kolman et  al., 1986). 
Taking into account the available toxicologic 
and epidemiologic data, both the International 
Agency for Research on Cancer (IARC) and the 
World Health Organization (WHO) have taken 
the position that ethylene oxide should be con- 
sidered a probable human carcinogen, and that 
its level in the environment should be kept as 
low as possible. Until 1984, the permissible ex- 
posure limit for ethylene oxide enforced by the 
Occupational Safety and Health Administration 
(OSHA) was 50 ppm. Based on reports of muta- 
genic, reproductive, and tumorigenic effects, the 
standard was lowered to 1 ppm (1.8 mg/m3); no 
short-term exposure limit was adopted (USCFR, 
1984). The threshold limit value (TLV) sug- 
gested by the American Conference of Govern- 
mental Industrial Hygienists (ACGIH) is the 
same as the OSHA standard except that  the ex- 
cursion limit for short-term exposures is three 
times the TLV-time-weighted average (TWA) 
for no more than a total of 30 minutes during the 
workday. Under no circumstances should expo- 
sure exceed five times the TLV-TWA (ACGIH, 
1985-1986). 
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I. INTRODUCTION 

Toxicity 

The effects of ethylene oxide exposure in hu- 
mans and animals vary with vapor concentra- 
tions and duration of exposure; i.e., with total 
body dose and peak blood levels. Ethylene oxide 
is an  irritant and a systemic poison; a t  concen- 
trations higher than 1,000 ppm, it produces cen- 
tral  nervous system depression (USCFR, 1984). 
The most commonly observed effects in humans 
have been headache, nausea, vomiting, dyspnea, 
and respiratory irritation (Thiess, 1963). Ethyl- 
ene oxide is moderately toxic for animals; e.g., 
the rat  oral LD50 value is 330 mg/kg body weight 
(Smyth et al., 1941); the male rat  4-hour LC50 
value is 1,460 ppm, and the female mouse 4-hour 
LC50 value is 835 ppm (Jacobson et  al., 1956). 
Death of laboratory animals exposed to ethylene 
oxide at  high concentrations is usually due to 
pulmonary edema or secondary lung infections; 
clinical signs include convulsions and paralysis 
(Jacobson et al., 1956; Waite et al., 1930). 

Aqueous solutions of ethylene oxide can be ex- 
tremely irritating to the skin of both laboratory 
animals and humans, with erythema, edema, 
and vesiculation occasionally accompanied by 
bleb formation appearing 1-5 hours after expo- 
sure (Sexton and Henson, 1950). Evaporation of 
liquid ethylene oxide from the skin may cause 
sufficient cooling to produce a lesion similar to  
that  caused by frostbite (Hine and Rowe, 1981). 
Ethylene oxide vapors a t  high concentrations 
a re  irritating to the eyes of humans and ani-  
mals; ocular contact with liquid ethylene oxide 
can cause corneal injury (McLaughlin, 1946; 
Thiess, 1963; McDonald et al., 1973). 

Pharmacokinetics 

Information on the pharmacokinetics, tissue dis- 
tribution, and elimination of ethylene oxide is 
scant. Data on the distribution and retention of 
radiolabeled ethylene oxide have been derived 
from three studies. In the first, Ehrenberg et al. 
(1974) found that five male CBA mice exposed to 
static atmospheres of tritiated ethylene oxide in 
sealed glass vessels excreted an  average of 78% 
of the estimated dose within 48 hours. Two mice 
were exposed for 75 minutes to an atmosphere 
containing 1.15 ppm, two mice for 60 minutes to 
an atmosphere containing 7.4 ppm, and one 
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mouse for 75 minutes to an  atmosphere contain- 
ing 33 p 3m. The biologic half-life of ethylene ox- 
ide in mice was 0.15 hours as compared with a 
half-life in water of 76 hours a t  37" C and 6 
months at 4" C. In the second study, Appelgren 
et al. (1977) injected mice with [14Clethylene 
oxide (dose not reported) and used whole-body 
radiography to follow the distribution. Ethylene 
oxide was rapidly distributed to all parts of the 
body during the 4 hours after injection. Twenty- 
four hours after injection, radioactivity re- 
mained in the liver, intestinal mucosa, epi-  
didymis, cerebellum, bronchi, and bone marrow. 
Tyler arid McKelvey (1983) exposed groups of 
four male F344 ra t s  to 14C-labeled ethylene 
oxide a t  10, 100, or 1,000 ppm for one 6-hour 
exposure. Rats exposed a t  1,000 ppm excreted 
proportionately less urinary radioactivity and 
e x h a l e d  more  [14Clcarbon d i o x i d e  a n d  
[14C]eth,ylene oxide than did the other groups. 
These data suggest that  metabolism and excre- 
tion of ethylene oxide in rats involve saturable 
processe 5. 

Metabo1,ism 

No data on the metabolism of ethylene oxide in 
humans have been reported in the l i terature.  
Limited data from animal studies indicate two 
possible pathways for the metabolism of ethyl- 
ene oxide: hydrolysis and glutathione conjuga- 
tion. The hydrolytic product, l ,2-ethanediol 
(ethylene glycol), has been identified in the plas- 
ma and urine of four male beagle dogs 1 hour 
after intravenous injections of 25 or 75 mg ethyl- 
ene oxiddkg body weight (Martis et al., 1982). 
Ethylenc' glycol was the major metabolite of 
ethylene oxide in the dogs; between 7% and 24% 
of the administered dose was eliminated in the 
urine within 24 hours. No other compound- 
related metabolites were identified. Jones and 
Wells (1981) demonstrated involvement of glu- 
tathione in the detoxification of ethylene oxide. 
Sprague Dawley rats  were given a single intra- 
peritoneal injection of radiolabeled ethylene 
oxide at 2 mg/kg body weight. Urinary metab- 
olites identified were S-(2-hydroxyethyl)cys- 
teine (9% of the administered radioactivity) and 
N-acetyl-S-(2-hydroxyethyl)cysteine (33% of the 
administered radioactivity). Approximately 
43% of the administered radioactive dose w a s  
excreted .in the urine within 50 hours of dosing. 
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In rabbits, no effect on glutathione levels in liver 
or blood was noted after 12 weeks of exposure to 
ethylene oxide a t  0, 10, 50, or 250 ppm for 6 
hours per day, 5 days per week (Yager and Benz,' 
1982). 

Genotoxicity 

There is substantial evidence from studies on 
prokaryotic and  eukaryot ic  organisms t h a t  
ethylene oxide is both a point mutagen and a 
clastogen. Ethylene oxide alkylates DNA and 
RNA in vitro. Sites of the in vitro reactions in- 
clude the N7 position of guanine (Brookes and 
Lawley, 1961), the N1 position of adenosine 
(Windmueller and Kaplan, 1962), and the N3 po- 
sition of uridine (Ukita e t  al., 1963). To date, 
N7-(2-hydroxyethyl)guanine is the only DNA al- 
kylation product found in vivo (Ehrenberg e t  al., 
1974; Segerback, 1983). Ethylene oxide also in- 
teracts with nucleophilic centers in proteins 
(Ehrenberget al., 1974; Segerback, 1983). 

E thylene  oxide  i s  m u t a g e n i c  to  p l a n t s ,  
micro-organisms, insects, and mammals. Muta- 
genic responses were observed in barley (Ehren- 
berg et al., 19591, wheat (Mac Key, 19681, rice 
(Jana and Roy, 1975), and Tradescantia palu- 
dosa (Smith and Lotfy, 1954) after exposure to 
ethylene oxide. I t  is a direct-acting mutagen 
causing base-pair substitution in Salmonella 
(Embree and Hine, 1975; Pfeiffer and Dunkel- 
berg, 1980) and is mutagenic to Neurospora 
(Kilbey and Kolmark, 1968; Kolmark and Giles, 
1955) and to Drosophila (Bird, 1952; Fahmy and 
Fahmy, 1956). Test results for ethylene oxide 
were negative after a single intravenous injec- 
tion of up to 50 mg/kg in a dominant lethal study 
in mice (Appelgren et al., 19771, but results were 
positive after intraperitoneal administration of 
60 mg/kg per day, 5 days per week for 5 weeks 
(Generoso et  al., 1980). In addition, inhalation 
of ethylene oxide a t  225 ppm for 2 or 11 weeks, 6 
hours per day, 5 days per week, resulted in a sig- 
nificant dose-related increase in dominant lethal 
mutations in male mice (Generoso et al., 1983). 

Generoso et al. (1986) compared the effects of dif- 
ferent dose rates (contributions of different con- 
centrations and durations of exposure, with con- 
stant total exposure [concentration X time]) on 
the dominant-lethal response in male (C3H X 
101)Fl mice. The dose-response curve was 

nonlinear; the highest airborne concentration 
(1,200 ppm for 1.5 hours) resulted in the greatest 
embryonic mortality (64%). The 600-ppm con- 
centration (3 hours) produced 32% embryonic 
mortality, and the lowest airborne concentration 
(300 ppm for 6 hours) produced 11% embryonic 
mortality. 

Induction of heritable translocations in male 
mice also was reported after a single intraperi- 
toneal injection of 150 mg/kg ethylene oxide 
(Generoso et al., 1980). Intravenous injection of 
ethylene oxide induced a dose-dependent in- 
crease in the number of micronuclei in the bone 
marrow of mice (Appelgren et  al., 1978). Micro- 
nuclei in the erythroblasts and polychromatic 
erythrocytes were elevated in workers exposed 
to ethylene oxide vapor (Hogstedt et al., 1983). 
Sister chromatid exchanges (SCEs) were in- 
creased in  per ipheral  lymphocytes of r a t s  
(Kligerman e t  al., 19831, rabbits (Yager and 
Benz, 1982), monkeys (Lynch et al., 1984a), and 
humans (Ehrenberg and Hallstrom, 1967; Garry 
et  al., 1979; Abrahams, 1980; Laurent e t  al., 
1984) exposed to a i r  containing ethylene oxide. 

Stolley et  al. (1984) found a significant increase 
in the number of SCEs in  per ipheral  blood 
lymphocytes from workers exposed to relatively 
high atmospheric levels of ethylene oxide (5-20 
to 50-200 ppm, 8-hour TWA). The SCE rates in 
workers exposed to ethylene oxide at more mod- 
erate levels (5-10 ppm, 8-hour TWA) were also 
significantly increased over those in nonexposed 
controls. These elevated SCE rates persisted 
through a 24-month followup period dur ing  
which no exposure occurred. Workers at an  oc- 
cupational site tha t  had low levels of atmos- 
pheric ethylene oxide (0.5 ppm, 8-hour TWA) 
showed no significant elevation in SCE rates. 

Sarto et al. (1984) also investigated cytogenic 
damage in hospital workers exposed to atmos- 
pheric ethylene oxide and found that a t  doses as 
low as 0.35 ppm, SCEs in per ipheral  blood 
lymphocytes were significantly increased; these 
effects persisted through an  18-month followup 
period. 

Inhalation of ethylene oxide increased the inci- 
dence of chromosomal aberrations in bone mar- 
row cells of rats (Fomenko and Strekalova, 1973; 
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Strekalova et  al., 1975; Embree et  a l . ,  1977). 
The incidence of chromosomal aberrations was 
increased in circulating lymphocytes of monkeys 
(Lynch et  al., 1984a) and of workers exposed to 
air  containing ethylene oxide (Hogstedt e t  al . ,  
1983; Sarto et  al., 1984). 

Teratogenicity and Reproductive Toxicity 

Groups of 22 female F344 rats were exposed to 
ethylene oxide a t  0, 10, 33, or 100 ppm on days 
6-15 of gestation. No maternal toxicity was ob- 
served, and a 5%-8% decrease in fetal weight 
was observed only in the rats  exposed a t  100 
ppm (Snellings et al., 1982a). In a second in- 
halation study of teratologic effects, groups of 
32-45 female Sprague Dawley rats were exposed 
to ethylene oxide a t  0 or 150 ppm on days 7-16 of 
gestation (group 11, on days 1-16 of gestation 
(group 21, or during 3 weeks before mating and 
on days 1-16 of gestation (group 3) (Hackett et  
al., 1982). No dams died, but body weights were 
decreased in group 3. Significant increases in 
resorptions per litter and in resorptions per im- 
plantation site were observed in group 3. In all 
exposed groups, weights and lengths of the fe- 
tuses were decreased, and reduced ossification of 
the sternebra and primary skull was observed. 

Groups of 24-37 female CD-1 mice were adminis- 
tered intravenous doses of 0,75, or 150 mg ethyl- 
ene oxidetkg body weight in an aqueous dextrose 
solution on days 4-6, 6-8, 8-10, or 10-12 of gesta- 
tion (LaBorde and Kimmel, 1980). Signs of ma- 
ternal toxicity (weakness, labored breathing, 
tremors, and death) were observed in mice in- 
jected with 150 mg/kg ethylene oxide on days 4- 
6,8-10, or 10-12 of gestation. Fetotoxicity in the 
form of a 20% reduction in mean fetal weight 
was observed in mice administered the highest 
dose. Fetal malformations, consisting primarily 
of fused cervical arches, were found in 19% of fe- 
tuses in exposed litters as  compared with 2% of 
fetuses in control groups. 

In a second intravenous study, New Zealand 
White rabbits were injected with 0, 9, 18, or 36 
mg/kg ethylene oxide on days 6-14 of gestation 
or with 0, 18, or 36 mg/kg on days 6-9 of gesta- 
tion (Jones-Price et al., 1982). Significant de- 
creases in maternal weight gain were observed 
a t  the 18 and 36 mg/kg doses. No embryotoxic 
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effects wire observed in the groups exposed on 
Jays 6-9: however, significant dose-related 
trends for decreased numbers of live fetuses per 
litter and increased resorptions per litter were 
observed ..n groups exposed on days 6-14. 

Groups of 30 male and female F344 rats were ex- 
posed to ethylene oxide a t  concentrations of 0, 
10, 33, or 100 ppm, 6 hours per day, 5 days per 
week for :L2 weeks, in a one-generation study of 
reproduction (Snellings et  al., 198213). The male 
and female rats were housed together for up to 2 
weeks; pregnant rats were exposed for 6 hours 
per day, 7 days per week from day 1 through day 
19 of gest.ition. The pregnant females were al- 
lowed to deliver and 5 days after parturition 
were exposed again to ethylene oxide for 6 hours 
per day, 7 days per week until day 21 post par- 
tum. Significantly more females in the 100-ppm 
group had lengthened gestation periods com- 
pared with the other groups of rats. The number 
of pups per litter as  well as the number of im- 
plantation sites per female were decreased a t  the 
100-ppm concentration. There were no effects on 
survival 01- parturition. There were no effects on 
body weights  or  o r g a n s  i n  t h e  p a r e n t a l  
,generatior, 

Hollingsworth et  al. (1956) reported degenera- 
tion of testicular tubules in guinea pigs exposed 
to ethylene! oxide a t  356 ppm for 7 hours per day, 
5 days per week for up to 32 weeks. Sperm mo- 
tility and sperm counts were decreased in male 
Cynomolgus monkeys exposed to ethylene oxide 
a t  50 or 100 ppm for 7 hours per day, 5 days per 
week for 2 years (Lynch et  al.,  1983). The mag- 
nitude of the decreases was similar a t  both con- 
centration:;. The incidence of abnormal sperm 
heads did not change. 

One epidemiologic study suggested that ethyl- 
ene oxide exposure may be associated with spon- 
taneous abortions in female workers who used 
ethylene oxide and other chemicals to sterilize 
instruments (Hemminki et  al.,  1982). 

Neurotoxi'city 

Exposure of humans and animals to ethylene 
oxide vapor a t  concentrations in excess of 200 
ppm impairs sensory and motor functions and 
results in peripheral neuropathy and muscle 
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atrophy (Hollingsworth et al., 1956; Jacobson et 
al., 1956; Gross et al., 1979; Finelli e t  al., 1983). 
Kuzuhara et al. (1983) reported axonal degener- 
ation and typical denervation atrophy of muscle 
in two workers exposed to ethylene oxide at more 
than 700 ppm for several months. Male Wistar 
rats exposed to ethylene oxide a t  500 ppm for 6 
hours per day, 3 days per week for 13 weeks, de- 
veloped hindleg ataxia (Ohnishi e t  a l . ,  1985). 
Axonal degeneration of the myelinated fibers in 
the hindleg nerves was also observed. Axonal 
dystrophy of the nucleus gracilis and demyelin- 
ation of the terminal axons of the fasciculus 
gracilis were observed in the medulla oblongata 
of monkeys after intermittent exposure a t  50 or 
100 ppm for 2 years (Sprinz et  al., 1982). 

Carcinogenicity 

Ethylene oxide has been evaluated for carcino- 
genicity in animals when administered by the 
dermal, intragastric, subcutaneous, or inhala- 
tion routes of exposure. No skin tumors were ob- 
served in thirty 8-week-old female ICWHa Swiss 
mice painted on the clipped dorsal skin three 
times weekly for life with 0.1 ml of a 10% solu- 
tion of ethylene oxide in acetone (Van Duuren et  
al., 1965). The median survival time for the 
dosed mice was 493 days, and no tumor inci- 
dences a t  other sites were reported. 

Dunkelberg (1982) administered ethylene oxide 
by gavage at doses of 0, 7.5, or 30 mg/kg body 
weight to groups of 50 female Sprague Dawley 
rats. Fasted rats were dosed twice weekly for 
107 weeks, and the experiment was terminated 
after 150 weeks. “Salad oil” was used as the ve- 
hicle. A positive control group received &pro- 
piolactone. At the 7.5 mg/kg dose, 8/50 (16%) of 
the animals developed tumors, and a t  30 mg/kg, 
31/50 (62%) developed tumors; the first tumors 
appeared after 79 weeks. These local tumors 
were primarily squamous cell carcinomas of the 
forestomach. Carcinomas in situ, papillomas, 
and reactive changes of the squamous epithe- 
lium of the forestomach were observed in other 
animals administered ethylene oxide. No tu- 
mors of the stomach were reported in the con- 
trols. The incidences of tumors in other organs 
were similar in dosed and control rats. 
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The carcinogenic potential of ethylene oxide in 
mice was also evaluated by the subcutaneous 
route of administration (Dunkelberg, 1981).  
Groups of 100 female NMRI mice were injected 
subcutaneously once per week for a maximum of 
95 weeks with 0.1 ml tricaprylin containing 0, 
0.1, 0.3, or 1.0 mg ethylene oxide. A control 
group of 200 mice was included, and the experi- 
ment was terminated after 106 weeks. The 
groups of mice receiving total ethylene oxide 
doses of 9.1, 27.3, or 91.0 mg had 5, 8, or 11 local 
sarcomas, respectively. The group administered 
tricaprylin alone had four sarcomas. No in- 
creased incidences of tumors a t  remote sites 
were reported. In a second subcutaneous injec- 
tion study, Walpole (1958) injected 12 rats (sex 
and strain unspecified) with a total ethylene ox- 
ide dose o€ 1 g/kg body weight. Ethylene oxide 
was dissolved in arachis oil and administered 
over 94 days (dosing schedule not specified). 
Rats were observed for their lifetimes following 
dosing, and no tumors were observed. Since im- 
portant details of the study were not specified 
and small numbers of animals were used, it is 
difficult to evaluate this negative result. 

Two long-term inhalation studies were con- 
ducted. Male and female F344 rats were exposed 
to ethylene oxide at concentrations of 10, 33, or 
100 ppm 6 hours per day, 5 days per week for 2 
years (Snellings et al., 1984). Two groups of rats 
served as controls. Each group consisted ini- 
tially of 120 animals of each sex. The incidence 
of mononuclear cell leukemia was significantly 
increased in a dose-related fashion in females 
killed at 24 months (control, 11/115; 10 ppm, 
11/54; 33 ppm, 14/48; 100 ppm, 15/26). A dose- 
related increase in peritoneal mesotheliomas 
was reported in male ra ts  that  died or were 
killed in a moribund condition. Dose-related in- 
creased incidences of primary brain tumors in 
rats of each sex were also found in the study by 
Snellings e t  al. (1984) and were reported by 
Garman et  al. (1985) (male:  0 ppm, 0/236 
[pooled]; 10 ppm, 11119; 33 ppm, 5/118; 100 ppm, 
71119; female: 0 ppm, 01234 [pooled]; 10 ppm, 
1/115; 33 ppm, 3/119; 100 ppm, 4/119). The pri- 
mary brain tumors included 6 granular cell tu- 
mors, 12 astrocytomas, 1 oligodendroglioma, 2 
mixed cell gliomas, and 2 malignant sarcomas. 
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The number of female rats with multiple neo- 
plasms and with a t  least  one malignant neo- 
plasm was greater in exposed groups than in the 
controls. 

Another inhalation s tudy  was conducted in  
which groups of 80 male F344 rats were exposed 
to ethylene oxide for 7 hours per day, 5 days per 
week for 2 years, at concentrations of 0 ,  50, or 
100ppm (Lynch et  al., 1983, 1984b). A signifi- 
cantly increased incidence of mononuclear cell 
leukemia occurred only in rats exposed a t  the 
50-ppm concentration (control, 24/77; 50 ppm, 
38/79; 100 ppm, 30176); the absence of a dose- 
response relationship was a t t r ibu ted  to in- 
creased mortality at the 100-ppm concentration. 
Dose-related increased incidences of peritoneal 
mesotheliomas (control, 3/78; 50 ppm, 9/79; 100 
ppm, 21/79) and mixed cell gliomas in the brain 
(0176; 2/77; 5/79) were observed in the rats. The 
increased incidences of both tumors were signifi- 
cant at the 100-ppm concentration. 

Epidemiologic studies show an  association be- 
tween ethylene oxide exposure and a n  excess 
risk ofcancer in humans. Hogstedt et  al. (1979a, 
1984) reported statistically significant inci- 
dences of leukemia and cancer of all sites and 
deaths attributed to leukemia in  workers ex- 
posed to ethylene oxide used as  a sterilant. In a 
followup cohort mortality study, Hogstedt et  al. 
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(1979b, 19'34) examined the incidence of cancer 
in production workers at an  ethylene oxide man- 
ufacturing plant. Significantly increased mor- 
tality from stomach cancer and leukemia was  
found. In 1,hese studies, the increased mortality 
and incidence of leukemia were not limited to a 
particular type of leukemia. In addition, the 
workers were reportedly exposed to other chem- 
icals. Recently, in an expanded cohort mortality 
study encompassing workers from three expo- 
sure sites, Hogstedt et  al. (1986) reported eight 
cases of leukemia vs. 0.8 cases expected and six 
cases of s,;omach cancer compared with 0.65 
cases expected. The latter publication was a fol- 
lowup of their investigation reported in 1979 
and 1984, with the addition of one case of leuke- 
mia found in  a production worker a t  a third 
worksite. In a study reported by Morgan et  al .  
(1981) as negative, there was increased mor- 
tality from pancreatic cancer and Hodgkin's 
disease which was statistically significant by the 
Poisson test (USEPA, 1985). 

Study RaiJonale 

Ethylene oxide was studied in B6C3F1 mice be- 
cause of it,s extensive production; the potential 
for human exposure in the workplace, from med- 
ical device!;, or from food; the positive results of 
genetic assays; and the previous use of only F344 
rats in inhalation studies. 
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II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
ETHYLENE OXIDE 

Ethylene oxide was obtained from Union Car- 
bide, Linde Division (Torrance, California, and 
Somerset, New Jersey), in eight different lots 
(Table 1). The liquefied ethylene oxide was 
stored a t  room temperature in its original cylin- 
der and was analyzed periodically a t  the study 
laboratory by infrared spectroscopy (Figure 1) 
and gas chromatography with a flame ionization 
detector and Porapak QS 80/100 mesh column. 
The identity and purity of the ethylene oxide 
was confirmed in all cases, and all results of bulk 
lot analyses indicated purity of greater than 
99%. No degradation of the bulk chemical was 
observed over the course of the studies. 

GENERATION AND MEASUREMENT 
OF CHAMBER CONCENTRATIONS 

Vapor  Generation System 

Liquefied ethylene oxide was dispensed through 
a n  eductor tube from the 175-pound cylinder to a 
coiled-tube hot water boiler by pressurizing the 
tankhead space with nitrogen (regulated a t  20 
psi). The vapor was generated in a stainless 
steel coiled tube boiler located in a 55" * 10" C 
water bath. From the boiler, ethylene oxide 

vapor was routed through a manifold to dual gas 
metering valves that controlled the gas flow to 
each chamber. The manifold and valves were 
heated to about 55" C with a heat tape and a 
small heater. 

After passing through the metering valves, va- 
por could be routed by means of three-way ball 
valves e i ther  to the exposure chambers  or 
through a flowmeter to the exhaust. This proce- 
dure allowed for periodic measurement of the va- 
por flow from the metering valves. Ethylene ox- 
ide vapor could not be continuously routed 
through the flowmeter because buildup of poly- 
mer would cause a slight change in calibration. 
Vapor to each chamber was routed through a 
three-way purge/expose valve into a pipe a t  the 
chamber inlet, where the gas was mixed with 
0.28 f 0.04 m3/min of d i luen t  a i r .  The  
purge/expose valves allowed the vapor genera- 
tion and distribution system to be purged with 
nitrogen after each exposure period. Liquid 
purged from the system was collected in a 500- 
ml flask in the vapor hood from which it vapor- 
ized between exposure periods (Figure 2). The 
liquid appeared to be unpolymerized and un- 
degraded ethylene oxide tha t  had condensed 
daily in the generation system; no evidence was 
found that this liquid contained degradation pro- 
ducts that  were identifiable in the chamber  
atmospheres. 

TABLE 1. IDENTITY AND SOURCE OF ETHYLENE OXIDE USED IN THE INHALATION STUDIES 

Single-Exposure Fourteen-Day Fourteen-Week 
Studies Studies Studies 

Two-year 
Studies 

Lot Numbers 
0018-1 0018-1 0018-1 0190-1,2050-1,2061-1,2131-1, 

E10-13-82, El-21-83, E3-28-83 
Date of Initial Use 
2/8/80 3/5/80 6/2/80 0190-1,8/6/81;2050-1,3/4182~ 

206 1 - 1,311 1/82; 213 1-1,9/13/82; 
E 10- 13-82,10/25/82; E 1 - 2 1 -83, 
2/16/83; E3-28-83,4/1/83 

Supplier 
Union Carbide, Inc. Same as single- Same as  single- Union Carbide Corp. 
(Torrance, CA) exposure studies exposure studies (Somerset, N J )  
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II. MAT:ERIALS AND METHODS - 

Vapor Concentration Monitoring 

Two online methods were used during the course 
of the 2-year studies to monitor the concentra- 
tion of ethylene oxide in the chambers. A schem- 
atic diagram of the monitoring system is shown 
in Figure 3. Initially, a photoionization detector 
(PID) (model  PI201,  H N U  Sys tems ,  Inc. ,  
Newton, Massachusetts) was used. After 79 ex- 
posure days, the photoionization detector was re- 
placed by a Hewlett-Packard Model 5840 gas 
chromatograph equipped with a flame ionization 
detector, a glass column packed with Porapak 
QS 80/100, and an  automatic sampling valve. A 
change in method was made to permit the use of 
one gas chromatograph to monitor the ethylene 
oxide study as well as the ongoing 1,3-butadiene 
study. All chambers and the room a i r  were 
sampled approximately twice during each expo- 
sure hour. The calibration of the monitoring 
photoionization detector and gas chromatograph 
was confirmed and corrected a t  least once every 
month with a calibration gas consisting of a 
measured volume of ethylene oxide in a known 
volume of room air. Weekly mean exposure con- 
centrations for the 2-year studies are presented 
in Figures 4 and 5. A summary of the chamber 
concentrations is presented in Table 2; Table 3 

summarizes the distribution of mean daily con- 
centrat,iom. Standard deviations for the weekly 
mean exposures were largest during the first 8 
months of the study and resulted from diffi- 
culties in regulating the flow rate of the ethyl- 
ene oxide. These variations were corrected by 
the insltallation of a new flow meter. 

When  the  e thy lene  oxide s tud ie s  b e g a n ,  
1,3-butadiene was already on study in the same 
exposure room. Both chemicals were monitored 
by the same instruments, initially the photoion- 
ization detector and la ter  the gas chromato- 
graph. The PID was zeroed with the detection 
lamp off to avoid “null out” of any chemicals de- 
tected #during the zeroing process. A 500-ppm 
propylene-in-air online standard was used to 
calibrate the gas chromatograph. The gas chro- 
matograph (or the PID) was connected to a n  
eight-port sample valve that allowed sampling 
of each station (three 1,3-butadiene chambers, 
three ethylene oxide chambers, a propylene 
standard, and room air). To prevent possible re- 
tention of a study chemical within the gas chro- 
matograph (or PID), the propylene standard was 
sampleid after the three 1,3-butadiene chambers 
and the room air  was sampled after the three 
ethylene oxide chambers. 

TABLE 2. SUMMARY OF CHAMBER CONCENTRATIONS Iri THE TWO-YEAR INHALATION 
STUDIES OF ETHYLENE OXIDE 

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

50 
100 

7,771 
7.773 

49.7 + 3.6 
99.3 f 7.8 

(a)  Mean f standard deviation 

TABLE 3. DISTRIBUTION OF MEAN DAILY CONCENTRATIONS OF ETHYLENE OXIDE DURING 
THE TWO-YEAR INHALATION STUDIES 

Range of Concentration Number of Dlays Mean Within Range 
(percent of target) 50 PPn’ 100 Ppm 

> 130 
120-130 
110-120 
100-110 
90-100 

80.90 
70-80 
< 70 

0 
2 
2 

188 
28 1 

12 
2 
0 

1 
1 
5 

182 
282 

13 
3 
0 
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II. MATERIALS AND METHODS 

There was no analytical interference between 
ethylene oxide and 1,3-butadiene. Under the 
conditions of operation of the gas chromato- 
graphic method, the specific retention t imes 
were 1.0 minute for propylene, 1.9 minutes for 
ethylene oxide, and 2.6 minutes for 1,3-buta- 
diene. 

Degradation S tudy  of Ethylene Oxide 
in Chamber  

Samples of ethylene oxide exposure chamber at- 
mospheres were examined for the occurrence of 
potential degradation products, specifically 
ethylene glycol and acetaldehyde, by a Hewlett- 
Packard Model 5830 gas chromatograph equip- 
ped with a flame ionization detector and a glass 
column packed with Porapak PS 80/100. No evi- 
dence for any degradation was detected. 

Vapor  Concentrat ion Uniformity 
in Chamber  

Uniformity of vapor concentration in each ex- 
posure chamber was  measured periodically 
throughout the studies with a portable photoion- 
ization detector. The data showed that when ex- 
pressed as percentages of the normalized aver- 
age concentration of all 12 sampling positions, 
the standard deviation did not exceed 3%. 

SINGLE-EXPOSURE STUDIES 

Male and female B6C3F1 mice were obtained 
from Charles River Breeding Laboratories and 
observed for 28 days before being placed on 
study. Groups of five mice of each sex were ex- 
posed for 4 hours to a i r  containing ethylene ox-. 
ide a t  target concentrations of 100, 200, 400, 
800, or 1,600 ppm. No controls were used. Mice 
were observed continuously during the exposure 
period and three times per day during nonexpo- 
sure periods. They were weighed only before ex- 
posure. Necropsies were not performed. Details 
of animal maintenance are  presented in Table 4. 

FOURTEEN-DAY STUDIES 

Male and female B6C3F1 mice were obtained 
from Charles River Breeding Laboratories and 
observed for 20 days before being placed on 
study. The animals were 7-9 weeks old when the 
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studies began. Groups of five mice of each sex 
were exposed to air  containing ethylene oxide a t  
target concentrations of 0, 50, 100, 200, 400, or 
800 ppm for 6 hours per day, 5 days per week for 
14 days (10 exposures). Mice were observed 
three tiines per day and were weighed on days 1 
and 8 and at necropsy. A necropsy was per- 
formed on all animals. Tissues and groups ex- 
amined are  listed in Table 4. 

FOURTEEN-WEEK STUDIES 

Fourteen-week studies were conducted to eval- 
uate the! cumulative toxic effects of repeated ex- 
posure to ethylene oxide and to determine the 
concentrations to be used in the 2-year studies. 

Five- to six-week-old male and female B6C3F1 
mice were obtained from Charles River Breeding 
Laborat'ories and held for 19 days before being 
placed on study. Groups of 10 mice of each sex 
were exposed to air  containing ethylene oxide a t  
target concentrations of 0, 50, 100, 200, 400, or 
600 ppm., 6 hours per day, 5 days per week for 14 
weeks (65  exposures). 

Animals were observed two times per day; mori- 
bund animals were killed. Individual animal 
weights were recorded weekly. At the end of the 
14-week studies, survivors were killed. A ne- 
cropsy was performed on all animals except 
those excessively autolyzed or cannibalized. 
Further experimental details are presented in 
Table 4. 

TWO-YIEAR STUDIES 

Study Design 

Two-year studies were conducted a t  Rattelle Pa- 
cific Northwest Laboratories. Groups of 50 mice 
of each sex were exposed to air  containing ethyl- 
ene oxide a t  target concentrations of 0 (chamber 
control), 50, or 100 ppm, 6 hours per day, 5 days 
per week for 102 weeks. Actual concentrations 
are summarized in Table 3. 

Source  a n d  Specifications of Animals  

The male and female B6C3F1 (C57BL/6N, fe- 
male X C3H/HeNMTV-, male) mice used in 

Ethylene Oxide, NTP TR 326 



TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE INHALATION STUDIES 
O F  ETHYLENE OXIDE 

Single-Exposure Fourteen-Day Fourteen-W eek  Two-year  
Studies Studies Studies Studies 

EXPERIMENTAL DESIGN 

Size of S tudy  Groups 
5 male and 5 female mice 5 male and 5 female mice 

Target Concentrations 
100,200,400,800, or 0,50,100,200,400, 
1,600 ppm ethylene or 800 ppm ethylene 
oxide by inhalation oxide by inhalation 

Date of Firs t  Exposure 
218180 3/5/80 

Date of Last Exposure 
N/A 3/18/80 

Duration of Exposure 
4 h  6 hid. 5 d/wk for 2 wk 

Type a n d  Frequency of Observation 
Observed continuously 
during exposure and 
3 x d during nonex- 
posure periods; weighed 
before exposure 

Necropsy a n d  Histologic Examination 
Necropsy not performed 

Observed 3 X d; weighed on 
d 1 and 8 and a t  necropsy 

Necropsy performed on all 
animals. Tissues from 8 
mice that lived to the end 
of the studies were examined 
histologically. Tissues ex- 
amined in 6 exposed mice: 
skin, mandibular lymph 
nodes, salivary glands, 
larvnx. trachea. lunes and 

10 male and 10 female mice 

0,50,100,200, i00, or 
600 ppm ethylene oxide by 
inhalation 

6/2/80 

9/4/80 

6 hJd, 5 d/wk (except d 4) 
for 65 exposure!; 

Observed 2 X d;  weighed 
before exposure, 1 X wk 
thereafter, and a t  necropsy 

Necropsy perfoimed on all 
animals; histologic exam 
performed on all controls 
and the 2 higherit dose 
groups. Tissues examined: 
gross lesions a n i  tissue 
masses, skin, lii.er, ovaries/ 
uterus, lungs, bronchi, 
heart. thvmus. trachea. 

bronchi, heart, thyroid gland, spleen, Gdneys, adrenal 
esophagus, stomach, duo- glands, urinary bladder, 
denum, colon, liver, gall- sternebrae including mar- 
bladder, pancreas, spleen, row, and nasal cavity 
kidneys, adrenal glands, uri- 
nary bladder, seminal vesi- 
cles/prostate/testis or ovaries/ 
uterus, nasal cavity, brain, 
pituitary gland, and eyes. The 
eyes of 2 female controls were 
examined microscopically 

ANIMALS AND ANIMAL MAINTENANCE 

Strain a n d  Species 
B6C3F1 mice B6C3F1 mice B6C3F1 mice 

Animal Source 
Charles River Breeding Same as  single-exposure Same as  single-exposure 
Laboratories (Portage, MI) studies studies 
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50 male and 50 female mice 

0,50, or 100 ppm ethylene 
oxide by inhalation 

81618 1 

7/22/83 

6 hld, 5 d/wk for 102 wk 
(except 25 d)  for 487 
exposures 

Same as  13-wk studies 
except weighed 1 X 4 wk 
after week 13 

Necropsy and histologic exam 
performed on all animals. Tissues 
examined: gross lesions and 
tissue masses, mandibular lymph 
nodes, mammary gland, skin, 
salivary glands, sternebrae, 
thyroid gland, parathyroids, 
small intestine (3 sections), 
colon, liver, prostate/testis or 
ovaries/uterus, gallbladder, 
lungs, bronchi, heart, esophagus, 
stomach, brain (3  sections), 
thymus, trachea, pancreas, 
spleen, kidneys, adrenal glands, 
urinary bladder, pituitary gland, 
nasal cavity, and nasal turbinates 
(3 sections) 

B6C3F1 mice 

Frederick Cancer Research 
Center (Frederick, MD) 



TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND ME;THODS IN THE INHALATION STUDIES 
OF ETHYLENE OXIDE (Continued) 

Two-year 
Studies 

Fourteen-Day 
Studies 

Single-Exposure 
Studies 

Fourteen-Week 
Studies; 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Study Laboratory 
Battelle Pacific Northwest Battelle Pacific Northwest Battelle Pacific Northwest 
Laboratories (Richland, WA) Laboratories (Richland, WA) Laboratories (Richland, WA) 

Battelle Pacific Northwest 
Laboratories (Richland, WA) 

Method of Animal Identification 
None Ear tags 

Time Held Before Study 
28 d 20 d 

Age When Placed on Study 
8-10 wk 7-9 wk 

Ear tags Ear tags 

19 d 21 d 

8-9 wk 8 wk 

Age When Killed 
10-12 wk 9-11 wk 

Necropsy Dates 
2/21/80 3/19/80 

Method of Animal Distribution 
According to tables of 
random numbers exposure studies 

Feed 
NIH 07 Rat and Mouse Ration 
(Zeigler Bros., Gardners, exposure studies 
PA); available ad libitum 
except during exposure 

Water 
Automatic watering system 
(Edstrom Industries, Water- exposure studies 
ford, WI); available ad libitum 

Cages 
Stainless steel wire cages 
(Harford Metal, Inc., exposure studies 
Aberdeen, MD) placed 
within the exposure 
chamber 

Animals per  Cage 
1 1 

Other Chemicals on Study in the Same Room 
None None 

Same as  single- 

Same as  single- 

Same as  single- 

Same as  single- 

22-23 wk 112-113 wk 

9/5/80 8/1/83-8/3/83 

Same as  single- 
exposure studies 

Same as  single- 
exposure studies 

Same as  single- 
exposure studies 

Same as  single- 
exposure studies 

Same as  single- 
exposure studies 

Same as  single- 
exposure studies 

Same as  single- 
exposure studlies 

Same as  single- 
exposure studies 

1 1 

None 1,2-epoxybutane; 
1,3-butadiene 

Animal Room Environment 
Temp--70°-72' F during Temp-72"-78" F; 
exposure, 72"-76" F a t  other 
times; humidity--40%-60%; 
fluorescent light 12 Wd; 
10 chamber air changes/h 
during exposure, 20 air studies 
changes/h a t  all other times 

humidity--42%-63%; 
fluorescent light 12 h/d; 
chamber air changes 
same as  single-exposure 

Temp-72"-76" F during 
exposure, 73.4" k 1.6" F a t  
other times; humidity-- 
40%-60%; fluorescent 
light 12 h/d; chamber air 
changes same' as  single- 
exposure studies 

Temp--room, 72.5" k 1.7" F, 
chamber, 72'46" F; 
humidity-room, 43% f 4%; 
fluorescent light 12 h/d; 
chamber air changes same 
as  single-exposure studies 

29 Ethylene Oxide, NTP TR 326 



II. MATERIALS AND METHODS 

these studies were produced under strict barrier 
conditions at Frederick Cancer Research Center 
under a contract to the Carcinogenesis Program. 
Breeding stock for the foundation colony a t  the 
production facility originated a t  the National In- 
stitutes of Health Repository. Animals shipped 
for study were progeny of defined microflora- 
associated parents that  were transferred from 
isolators to barrier-maintained rooms. The mice 
were shipped to the study laboratory at 5 weeks 
of age, quarantined for 21 days, and then placed 
on study a t  8 weeks of age. Thereafter, a com- 
plete necropsy was performed on five animals 
per sex to assess their health status. 

Animal Maintenance 

Mice were housed continuously in the exposure 
chambers from approximately 1 week before ex- 
posure started until they were killed a t  the end 
of the studies. During nonexposure periods, the 
front doors of the exposure chambers were open 
while air  continued to be exhausted through the 
chambers. All animals were housed individu- 
ally. Feed and water were available ad libitum 
except during exposure periods, when only water 
was available. Details of animal maintenance 
are  given in Table 4. Serologic analyses were 
performed as described in Appendix C. 

Clinical Examinations and Pathology 

All animals were observed two times per day, 
and clinical signs were recorded once per week. 
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, 

Ethylene Oxide, NTP TR 326 

embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin. Tissues examined 
microscopi,:ally are listed in Table 4. 

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 a n  independent 
quality as2,essment laboratory. The individual 
animal recwds and tables were compared for ac- 
curacy, slijies and tissue counts were verified, 
and histotochnique was evaluated. All tumor 
diagnoses, all target tissues, and all tissues from 
a random1:j selected 10% of the animals were 
evaluated by a quality assessment pathologist. 
The quality assessment report and slides were 
submitted to the Pathology Working Group 
(PWG) Chsirperson, who reviewed all target tis- 
sues and those for which there was a disagree- 
ment betwoen the laboratory and quality assess- 
ment pathc'logists. 

Representative slides selected by the Chairper- 
son were rl3viewed by the PWG, which includes 
the laboratory pathologist, without knowledge of 
previously rendered diagnoses. When the con- 
sensus diagnosis of the PWG differed from that 
of the laboratory pathologist, the laboratory pa- 
thologist was asked to reconsider the original di- 
agnosis. This procedure has been described, in 
part ,  by Maronpot and Boorman (1982) and  
Boorman et  al. (1985). The final diagnoses re- 
present a consensus of contractor pathologists 
and the NTP Pathology Working Group. For 
subsequenl, analysis of pathology data, the diag- 
nosed lesions for each tissue type are  combined 
according Lo the guidelines of McConnell e t  al. 
(1986). 

Slides/tissues are generally not evaluated in a 
blind fashion (i.e., without knowledge of dose 
group) unless lesions in question are subtle or 
unless ther,e is inconsistent diagnosis of lesions 
by the laboratory pathologist. Nonneoplastic 
lesions are  not examined routinely by the qual- 
ity assessment pathologist or PWG unless they 
are considered par t  of the toxic effect of the 
chemical. 
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II. MATERIALS AND METHODS 

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 a t  the time they were found 
dead of other than natural causes or were found 
to be missing; an imals  dying from na tura l  
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 
differences were detected, additional analyses 
using these procedures were carried out to deter- 
mine the time point a t  which significant differ- 
ences in the survival curves were first detected. 
All reported P values for the survival analysis 
are  two-sided. 

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

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

For s1,udies in which compound administration 
has little effect on survival, the results of the 
three alternative analyses will generally be sim- 
ilar. ’When differing results are obtained by the 
three methods, the final interpretation of the da- 
ta will depend on the extent to which the tumor 
under consideration is  regarded as being the 
cause of death. Continuity-corrected tests a r e  
used in the analysis of tumor incidence, and re- 
ported P values are one-sided. 

Life Table Analysis--The first method of analy- 
sis assumed that  all tumors of a given type 
observed 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 a t  each point in time a t  
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 le- 
thal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

Incidental Tumor 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 chamber control groups were 
compared in each of five time intervals. weeks 
0-52, weeks 53-78, weeks 79-92, week 93 to the 
week blefore 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 individual time interval comparisons were 
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II. MATERIALS AND METHODS 

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 a re  based on the 

overall proportion of tumor-bearing animals and 
do not adjust for survival differences. 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropria1,e control group used for evaluation, 
there are certain instances in which historical 
control da ;a can be helpful in the overall assess- 
ment of tumor incidence. Consequently, control 
tumor incLdences from the NTP historical con- 
trol data hase (Haseman et  al., 1984, 1985) are 
included for those tumors appearing to show 
compound related effects. 
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III. RESULTS 

SINGLE-EXPOSURE STUDIES 

All mice exposed a t  1,600 ppm and 515 males and 
415 females exposed a t  800 ppm died before the 
end of the studies (Table 5 ) .  At 800 ppm, lacri- 
mation was observed after 3 hours; dyspnea was 
observed after 4 hours. At 1,600 ppm, dyspnea, 
lacrimation, and incoordination were observed 
after 3 hours; semiconsciousness, severe dysp- 
nea, and diarrhea were observed after 3.5 hours. 

FOURTEEN-DAY STUDIES 

All mice exposed a t  800 ppm died before the end 
of the studies (Table 6). Other deaths were not 

clearly compound related. Final mean body 
weights of dosed and control mice showed no con- 
sistent do ;e-related changes. Mice exposed a t  
800 ppm were hunched and listless during and 
immediately after exposure. 

FOURTEEN-WEEK STUDIES 

All mice exposed a t  400 or 600 ppm died before 
the end of the studies (Table 7) .  Final mean 
body weights of dosed and control mice were 
comparable. All mice exposed a t  600 ppm had 
anorexia, dyspnea, and decreased activity and 
were bloated and listless. 

TABLE 5. SURVIVAL OF MICE IN THE SINGLE-EXPOSUFLE INHALATION STUDIES OF 
ETHYLENE OXIDE 

Target Measured 
Concentration (ppm) Concentration (ppm) Survival (a) 

MALE 

100 
200 
400 
800 

1,600 

FEMALE (d) 

100 
200 
400 
800 

1,600 

96 
20 1 
409 
816 

1,542 

96 
20 1 
409 
816 

1,542 

515 
515 
515 

(b) 015 
(c) 015 

515 
515 
515 

(e)  1/5 
(c) 015 

(a) Number surviving/number initially in group 
tb) Day of death: 2,2,2,2,6 
(c) All deaths occurred within 4 hours of the end of exposure. 
(d) L& value by the Spearman-Karber method: 660 ppm with a 95% confidence interval of 509-856 ppm 
(e) Day of death: 1,2,2,3 

Ethylene Oxide, NTP TR 326 34 



TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ][N THE FOURTEEN-DAY 
INHALATION STUDIES OF ETHYLENE OXIDE 

Mean Body Weights ( Final Weight Relative 
to Controls 

(percent) 
Concentration Survival (a) Initial (b) Final 

(ppm) 

MALE 

0 
50 

100 
200 
400 
800 

FEMALE 

0 
50 

100 
200 
400 
800 

515 
515 
515 
515 
515 

(d) 015 

515 
515 
515 

(D 315 
515 

(d) 015 

29.0 f 0.8 
26.6 f 0.5 
25.0 f 1.1 
26.6 f 1.2 
26.8 4 0.4 
27.2 f 0.9 

22.0 f 0.5 
20.6 f 1.4 
22.0 f 0.3 
19.2 f 1.0 
21.6 f 0.2 
21.2 f 0.2 

30.2 f 0.8 
28.4 f 0.5 
27.6 k 1.4 
27.6 k 0.8 
29.4 f 0.5 

(e) 

24.8 _+ 0.4 
21.8 k 1.4 
24.0 f 0.7 
21.0 f 1.7 
24.0 f 0.6 

(e) 

+1.2 f 1.0 
+ 1.8 f 0.6 
+2.6 f 0.9 
+1.0 f 0.5 
+2.6 f 0.7 

(e) 

+2.8 f 0.5 + 1.2 f 0.2 
+2.0 f 0.6 
+2.3 f 2.2 
+2.4 f 0.6 

(e) 

_ _  
94.0 
91.4 
91.4 
97.4 

(e) 

_ _  
87.9 

84.7 
96.8 

96.8 
( e )  

___ ~~ ~ _ _ _ _ ~  ~~ _ _ _ _ _ ~  ~~ 

(a) Number survivinglnumber initially in group 
tb) 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 f standard error of the mean 
(d) Day ofdeath: 1,1,1,1,2 
(e) No data are reported due to 100% mortality in this group. 
(0 Day of death: 7 , l l  

TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-WEEK 
INHALATION STUDIES OF ETHYLENE OXIDE 

Final Weight Relative 
to Controls 

(percent) 

Mean Body Weights (g 
Concentration Survival (a) Initial (b) Final 

(Ppm) 

MALE 

0 1011 0 23.7 f 0.4 30.5 f 1.1 + 6.8 f 1.3 _ _  
50 (d) 9/10 23.9 f 0.5 31.0 f 0.8 + 7.3 f 1.1 101.6 

100 (e) 9110 24.4 f 0.4 32.4 f 0.7 + 8.0 f 0.8 106.2 
200 (0 9/10 25.6 f 0.6 31.0 f 0.7 + 5.2 f 0.4 101.6 
400 (g) 0110 24.7 f 0.5 (h)  (h) (h) 
600 (D 0110 25.3 f 0.5 (h) (h) (h)  

FEMALE 

0 10/10 20.8 f 0.5 27.1 f 0.6 + 6.3 f 0.7 _ _  
50 10110 20.8 f 0.2 26.9 f 0.8 + 6.1 f 0.9 99.3 

100 10110 21.5 f 0.3 27.2 f 0.6 + 5.7 f 0.7 100.4 
200 10110 20.5 f 0.5 26.4 f 0.5 + 5.9 f 0.7 97.4 
400 (i) 0110 21.1 f 0.5 (h)  (h)  (h) 
600 (D 0110 20.1 f 0.5 (h) (h)  (h)  

(a) Number survivinglnumber initially in group 
(b) Initial mean group body weight f standard error ofthe mean. Subsequent calculations are based on those animals 
survivin to the end of the stud , 
(c) Meantody weight change ofYthe survivors f standard error of the mean 
(d) Week of death: 5 
(e) Week of death: 3 
(D Week of death: all 1 
(g) Week ofdeath: 1,1,1,1,2,2,2,2,3,4 
(h) No data are reported due to 100% mortality in this group. 
( i)  Weekofdeath: 2,2,2,2,2,2,2,2,2,3 
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III. RESULTS 

Thymic lymphocytic necrosis was observed in 
males and females a t  600 ppm; lymphocytic 
necrosis of the spleen was found in males a t  600 
ppm; renal tubular necrosis was seen in males 
and females at 600 ppm; renal  tubular  de- 
generation was observed in males and females a t  
100, 200, and 400 ppm; and rhinitis of the nasal 
cavity was observed in males and females a t  200, 
400, and 600 ppm (Table 8). Loss of polarity of 
olfactory and resp i ra tory  ep i the l ia l  cel ls ,  
necrosis of ep i the l ium,  loss of c i l i a ,  and  

t ransmigrat ion of inflammatory cells with 
accumulatjon of purulent exudate in some mice 
were the most frequent alterations found in the 
nasal port:.on of the respiratory tract. These 
dose-related lesions appeared most pronounced 
in the dorsiil turbinate areas. 

The relative liver weight of female mice exposed 
a t  50 ppm was significantly lower than that of 
the control; (Table 9). 

TABLE 8. INCIDENCES AND SEVERITY O F  LESIONS IN MICE I N  THE FOURTEEN-WEEK 
INHALATION STUDIES O F  ETHYLENE OXIDE (a) 

SiteLesion Chamber Control 100 ppm 200 ppm 400 ppm 600 ppm 

MALE 

Thymus 
Necrosis, lymphocytic 
Hypoplasia, lymphocytic 

Necrosis, lymphocytic 

Necrosis, tubular 
Degeneration, tubular 
Glomerulopathy, fibroid 
Congestion 

Nasal cavity 
Rhinitis 

Spleen 

Kidney 

FEMALE 

Thymus 
Necrosis, lymphocytic 
Hypoplasia, lymphocytic 

Necrosis, lymphocytic 

Necrosis, tubular 
Degeneration, tubular 

Nasal cavity 
Rhinitis 

Spleen 

Kidney 

0/10 
0/10 

0110 

0/10 
0110 
0110 
0110 

0110 

019 
1/9 (0.1) 

011 

1/10 (0.2) 
5/10 (0.7) 
0/10 
0/10 

0/10 

0/10 0/10 
0/10 0110 

0/10 _ _  
0/10 0/10 
2/10 (0.2) 0/10 

0/9 019 

1/10 (0.2) 
3/10 (0.4) 

019 

1/10 (0.1) 
6/10 (0.7) 
0/10 
0/10 

4/10 (0.4) 

014 
3/4 (2.8) 

0/10 

5/10 (1.4) 
4/10 (1.5) 
0/10 
0/10 

10/10 (2.8) 

0/10 0/5 
1/10 (0.1) 515 (3.6) 

0/10 0/10 

0/10 5/10 (1.8) 
8/10 (1.0) 6/10 (2.3) 

8/10 (1.2) 919 (2.8) 

10/10 (3.8) 
0/1 0 

UlO(1.4) 

8/10 (2.3) 
0110 
1/10 (0.4) 
1/10 (0.2) 

10/10 (3.3) 

6/10 (2.4) 
4/10 (1.4) 

1/10 (0.3) 

5/10 (1.6) 
4/10 (1.1) 

10/10 (3.4) 

(a) Number of observationdnumber examined. Severity ranked on a subjective scale offrom 0 (normal) to 4 (most severe); 
values in parentheses are mean severity values. 
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TABLE 9. ANALYSIS OF LIVER WEIGHT TO BODY WEIGHT RATIOS FOR MICE IN THE 
FOURTEEN-WEEK INHALATION STUDIES C)F ETHYLENE OXIDE (a) 

Concentration No. Final Body Weight Liver Weight Liver WeightlBody 
(ppm) Examined (grams) (mi;) Weight (mg/g) 

MALE 

0 10 30.5 f 3.63 1,911 f 353 62.4 f 6.05 
50 9 31.0 f 2.45 1,794 f 271 57.8 f 6.28 

100 9 32.4 f 2.24 . 1,996 k 253 61.5 f 5.73 
200 9 31.0 -i 2.06 1,858 f 256 59.8 f 5.14 

FEMALE 

0 10 27.1 f 1.79 1,653 f 144 61.1 f 4.35 
50 10 26.9 f 2.51 1,508 k 220 (b)56.0 k 5.66 

100 10 27.2 f 1.75 1,614 f 121 59.4 f 4.16 
200 10 26.4 f 1.51 1,735 k 174 65.6 f 3.79 

(a )  Mean f standard deviation 
tb) P<0.05 vs the controls by Dunnett's test (Dunnett, 1955) 

Dose Selection Rationale: Histopathologic ex- TWO-YEAR STUDIES 
aminations of mice in the 14-week studies re- 

Body Weights and Clinical Signs vealed a dose-related incidence and severity of 
nasal, thymic, and renal lesions in the exposed 
animals. Because only minimal renal tubular 
degeneration was found in male mice exposed a t  
100 ppm ethylene oxide, concentrations of 50 
and 100 ppm were selected for the 2-year  
studies. clinical signs were observed. 

Mean hody weights of dosed mice were not ad- 
versely affected by exposure to ethylene oxide 
(Table 10 and Figure 6). No compound-related 
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TABLE 10. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN Tl iE TWO-YEAR INHALATION 
STUDIES OF ETHYLENE OXIDE 

Weeks Chamber Control 50 m m  100 ppm 
on Av. Wt. No. of Av. Wt. Wt. (percent No. of Av. Wt. Wt. (percent No. of 

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

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
18 
22 
26 
30 
35 
39 
45 
49 
53 
58 
63 
67 
72 
76 
8 1  
86 
90 
94 
99 

103 

FEMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
18 
22 
26 
30 
35 
39 
45 
49 
53 
58 
63 
67 
72 
76 
8 1  
86 
90 
94 
99 

103 

23.6 
25.6 
26.9 
27.8 
28.5 
28.8 
29.2 
30.1 
30.1 
31 0 
31.5 
31.0 
31 7 
32.0 
32.6 
32.4 
33.5 
34.3 
35.0 
36.8 
36.9 
37.4 
38.7 
39.0 
40.2 
41.8 
40.1 
39.9 
40.3 
40.4 
40.3 
39.4 
38.0 
37.4 

19.7 
21.4 
22.4 
22.6 
22.5 
23.7 
24.6 
24.9 
24.4 
25.0 
25.9 
26.4 
27.4 
27.1 
27.2 
27.5 
29.0 
29.7 
30.1 
31.3 
32.5 
31.9 
33.2 
34.2 
35.2 
36.0 
35.3 
35.2 
34.9 
35.7 
35.5 
34.7 
33.1 
33.7 

50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
46 
46 
45 
42 
42 
41  
37 
34 
30 
29 

50 

50 
50 
48 
48 
47 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
45 
45 
45 
45 
45 
45 
45 
45 
44 
44 
44 
43 
41 
41 
37 
36 
35 
28 
27 

24.5 
25.6 
27.3 
28.0 
28.3 
29.0 

29.5 
30.6 
91.0 
31,8 
31.9 
32.4 
32.3 
31.2 
33.8 
35.2 
35.0 
36.3 
37.0 
40.3 
39.9 
39.8 
40.6 
42.8 
41.8 
41.2 
39.0 
41.0 
40.0 
38.9 
38.9 
38.8 
36.2 

30.0 

19.6 
20.6 
22.3 
23.4 
24.4 
24.3 
24.6 
24.9 
24.4 
26.2 
25.7 
26.4 
27.1 
27.2 
26.4 
27.2 
29.0 
28.2 
29.4 
30.2 
31.9 
32.3 
32.6 
33.4 
33.9 
33.9 
34.9 
34.1 
33.6 
32.9 
31.8 
31.8 
31.9 
32.1 

104 
100 
101 
101 
99 

101 
103 
98 

102 
100 
101 
103 
102 
101 
96 

104 
105 
102 
104 
101 
109 
107 
103 
104 
106 
100 
103 
98 

102 
99 
97 
99 

102 
97 

99 
96 

100 
104 
108 
103 
100 
100 
100 
105 
99 

100 
99 

100 
97 
99 

100 
95 
98 
96 
98 

101 
98 
98 
96 
94 
99 
97 
96 
92 
90 
92 
96 
95 

50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
47 
47 
47 
45 
42 
41  
39 
35 
33 
3 1  

50 
50 
49 
48 
48 
48 
48 
48 
48 
48 
47 
47 
47 
46 
45 
45 
45 
45 
45 
45 
45 
44 
44 
43 
43 
43 
42 
42 
36 
32 
30 
29 
25 
24 

24.8 
26.2 
27.0 
28.4 
28.4 
29.3 
30.2 
30.0 
30.4 
31 5 
31.8 
31.9 
32.6 
32.7 
32.4 
33.2 
35.1 
35.4 
36.6 
37.9 
39.3 
39.1 
39.6 
41.0 
42.1 
41.7 
42.5 
42.3 
40.8 
40.9 
38.2 
39.5 
37.8 
38.3 

20.2 
20.5 
21.6 
22.3 
22.9 
23.2 
24.8 
24.3 
25.1 
25.8 
25.5 
26.9 
26.0 
25.7 
26.9 
27.4 
28.5 
28.2 
28.2 
30.7 
30.8 
33.3 
31.7 
33.3 
32.9 
34.3 
34.7 
36.1 
32.9 
34.3 
34.0 
33.0 
33.8 
33.3 

105 
102 
100 
102 
100 
102 
103 
100 
101 
102 
101 
103 
103 
102 
99 

102 
105 
103 
105 
103 
107 
105 
102 
105 
105 
100 
106 
106 
101 
101 
95 

100 
99 

102 

103 
96 
96 
99 

102 
98 

101 
98 

103 
103 
98 

102 
95 
95 
99 

100 
98 
95 
94 
98 
95 

104 
95 
97 
93 
95 
98 

103 
94 
96 
96 
95 

102 
99 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
47 
45 
45 
43 
43 
41  
39 
39 
38 
34 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
48 
48 
47 
44 
41 
37 
32 
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III. RESULTS 

Survival 

Estimates of the probabilities of survival for 
male and female mice exposed to ethylene oxide 
a t  the concentrations used in these studies and 

for controls are shown in Table 11 and in the 
Kaplan and Meier curves in Figure 7. No signif- 
icant differcnces in survival were observed be- 
tween any groups of either sex. 

TABLE 11. SURVIVAL O F  MICE IN THE TWO-YEAR INHALATION STUDIES OF ETHYLENE OXIDE 

Chamber Control 50 Ppm 100 ppm 

MALE (a) 

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

FEMALE (a) 

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

50 
22 
0 
27 
1 
0.264 

50 
23 
1 
0 
1 
25 
0 
0.197 

50 
18 
1 
31 
0 
0.562 

50 
22 
3 
1 
0 
24 
0 
0.985 

50 
16 
0 
34 
0 
0.308 

50 
18 
0 
0 
1 
30 
1 
0.232 

(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 chamber control column, and the results of the life table pairwise 
comparisons with the chamber controls are in the dosed columns. 
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III. RESULTS 

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 lung, 
harderian gland, hematopoietic system, uterus, 
mammary gland, and liver. 

Lesions in male mice are summarized in Appen- 
dix A. Histopathologic findings on neoplasms 
are  summarized in Table Al .  Table A2 gives the 
survival and tumor status for individual male 
mice. Table A3 contains the statistical analyses 
of those primary tumors that occurred with an  
incidence of a t  least 5% in one of the three 
groups. The statistical analyses used are  dis- 
cussed in Chapter II (Statistical Methods) and 
Table A3 (footnotes). Historical incidences of tu- 
mors in control male mice are  listed in Table A4. 
Findings on nonneoplastic lesions are  summar- 
ized in Table A5. 

Lesions in female mice are  summarized in Ap- 
pendix B. Histopathologic findings on neo- 
plasms are summarized in Table B1. Table B2 
gives the survival and tumor status for individ- 
ual female mice. Table B3 contains the statisti- 
cal analyses of those primary tumors that  oc- 
curred with a n  incidence of at least 5% in one of 
the three groups. The statistical analyses used 
a re  discussed in Chapter II (Statistical Methods) 
and Table B3 (footnotes). Historical incidences 
of tumors in control female mice are  listed in 
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Table B4. Findings on nonneoplastic lesions are 
summarized in Table B5. 

Lung: Alveolar/bronchiolar carcinomas in male 
and female mice and alveolarhronchiolar adeno- 
mas in f e r  ale mice occurred with significant 
positive trends (Table 12). The combined inci- 
dences of the benign and malignant lung tumors 
occurred W: th positive trends in both male and 
female mic? (male: control, 11/50; low dose, 
19/50; high dose, 26/50; female: 2/49; 5/48; 
22/49). The combined incidences in the 100-ppm 
exposure groups were significantly greater than 
those in the controls. The incidences of adeno- 
mas and carcinomas in the high dose groups, ex- 
cept for admomas in male mice, were signifi- 
cantly great er than those in the controls. 

Harderian Gland: Papillary cystadenomas in 
dosed male and female mice occurred with sig- 
nificant positive trends, and the incidences in 
dosed males and dosed females were significant- 
ly greater than those in the controls (Table 13). 
In addition, one papillary cystadenocarcinoma 
was observed in a high dose male mouse and one 
in a low dose female mouse. 

Hematopoie tic System: Malignant lymphomas 
occurred with a positive trend in female mice, 
and the inc.dence in the high dose group was 
greater than that in the controls (Table 14). The 
incidence ir  the low dose group was slightly 
lower than that in the controls. 



TABLE 12. ANALYSIS OF LUNG LESIONS IN MICE IN THE TWO.YEAR INHALATION STUDIES OF 
ETHYLENE OXIDE (a) 

Chamber Control 50 Ppm 100 ppm 

MALE 

Alveolar Epithelial Hyperplasia 
Overall Rates 

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

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

3/50 (6%) 

5/50 (10%) 
16.5% 
4/28 (14%) 
88 
P=0.155 
P=O.110 

6/50 (12%) 
18.3% 
3/28 (1 1%) 
87 
P=0.032 
P=0.017 

Alveolar/Bronchiolar Adenoma or Carcinoma (b) 
Overall Rates 11/50 (22%) 
Adjusted Rates 33.2% 
Terminal Rates 7/28 (25%) 
Week of First Observation 87 
Life Table Tests P=O.OlO 
Incidental Tumor Tests P=0.002 

FEMALE 

Alveolar Epithelial Hyperplasia 
Overall Rates 

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

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

2/49 (4%) 

2/49 (4%) 
1.7% 
1/25 (4%) 
103 
P < 0.00 1 
P < 0.00 1 

0149 (0%) 
0.0% 
0125 (0%) 

P=0.005 
P = 0.005 

AlveolarlBronchiolar Adenoma or Carcinoma (c) 
Overall Rates 2/49 (4%) 
Adjusted Rates 7.7% 
Terminal Rates 1/25 (4%) 
Week of First Observation 103 
Life Table Tests P< 0.00 1 
Incidental Tumor Tests P<O.OOl 

6/50 (12%) 

11/50 (22%) 
3 1.6% 
8/31 (26%) 
60 
P = 0.122 
P = 0.095 

10150 (20%) 
32.3% 
10131 (32%) 
104 
P = 0.267 
P=0.230 

19/50 (38%) 
55.4% 
16/31 (52%) 
60 
P=O.109 
P = 0.070 

0/48 (0%) 

4/48 (8%) 
16.7% 
4/24(17%) 
104 
P = 0.3 14 
P=0.277 

1/48 (2%) 
4.2% 
1/24 (4%) 
104 
P=0.492 
P=0.492 

5/48(10%) 
20.8% 
5/24(21%) 
104 
P=0.196 
P=0.168 

8/50 (16%) 

11/50 (22%) 
3 1.3% 
10/34 (29%) 
99 
P = 0.164 
P=0.127 

16/50 (32%) 
43.0% 
13/34 (38%) 
76 
P = 0.048 
P=O.O19 

26/50 (52%) 
68.3% 
22/34 (65%) 
76 
P=0.014 
P = 0.003 

3/49 (6%) 

17/49 (35%) 
46.2% 
12/31 (39%) 
87 
P=O.OOl 
P < 0.00 1 

7/49 (14%) 
21.5% 
6/31 (19%) 
95 
P=O.O19 
P = 0.017 

22/49 (45%) 
58.6% 
16/31 (52%) 
87 
P<O.OOl 
P< 0.00 1 

( a )  The statistical analyses used are discussed in Cha ter II (Statistical Methods) and Appendix A, Table A3 (footnotes). 
(b)  Historical incidence in chamber controls a t  study Lboratory (mean f SD): M249 (21% f 10%); historical incidence in 
untreatedcontrols in NTP studies: 351/2,080 (17% f 8%) 
(c) Historical incidence in chamber controls at study laboratory (mean _+ SD): 2 1/247 (9% f 4%); historical incidence in 
untreated controls in NTP studies: 135/2,076 (7% f 4%) 
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TABLE 13. ANALYSIS OF HARDERIAN GLAND LESIONS IN MICI: IN THE TWO-YEAR INHALATION 
STUDIES OF ETHYLENE OXIIIE 

MALE 

Focal Hyperplasia 
Overall Rates 

Papillary Cystadenoma (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

FEMALE 

Focal Hyperplasia 
Overall Rates 

Papillary Cystadenoma (c) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

2/43 (5%) 

1/43 (2%) 
4.0% 
1/25 (4%) 
104 
P = 0.026 
P = 0.024 

3/46 (7%) 

1/46 (2%) 
4.3% 
1123 (4%) 
104 
P = 0.037 
P = 0.034 

3/44 (7%) 

13/44 (20%) 
,30.7% 
3/28 (29%) 
‘37 
J = 0.014 
J =  0.012 

:II46 (7%) 

(b) ($146 (13%) 
:!6.1% 
lY23 (26%) 

04 
1’=0.052 
1’= 0.052 

0142 (0%) 

(b) 8/42 (19%) 
27.6% 
7/27(26% ) 
73 
P=0.021 
P=0.021 

4/47 (9%) 

8/47 (17%) 
24.8% 
6/29 (21%) 
94 
P=0.039 
P=0.033 

(a )  Historical incidence in chamber controls of adenomas a t  study laboratory (mt an  f SD): 71249 (3% f 4%); historical 
incidence in untreated controls in NTP studies: 6312,091 (3% f 3%) 
(b)  A papillary cystadenocarcinoma was also present in an  animal with a papillary cystadenoma. 
(c) Historical incidence in chamber controls of adenomas at study laboratory (mean f SD): 1/249 (0.4% f 1%); historical 
incidence in untreated controls in NTP studies: 35/2,090 (2% f 2%) 

TABLE 14. ANALYSIS OF MALIGNANT LYMPHOMAS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLENE OXIDE (a) 

Chamber Control 50 ppm 100 ppm 

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

9/49 (18%) 6/48 (13%) 22/49 (45%) 
26.4% 19.0% 48.3% 
3/25 (12%) 2/24 (8%) 813 1 (26%) 
82 66 64 
P=0.023 €‘=0.343N P=0.049 
P=0.002 E’= 0.334N P=0.005 

(a)  Historical incidence in chamber controls at study laboratory (mean f SD): 511249 (20% f 7%); historical incidence in 
untreated controls in NTP studies: 59512,090 (28% f 12%) 
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Uterus: Adenocarcinomas occurred in female 
mice with a positive trend, and the incidence in 
high dose female mice was marginally increased 
compared with that in the controls (Table 15). 

Mammary Gland: The incidences of adenocarci- 
nomas and adenocarcinomas or adenosquamous 
carcinomas (combined) in low dose female mice 
were greater than those in the controls (Ta- 
ble 16). 

Liver: The incidence of hepatocellular adenomas 
in low dosc female mice was greater than that in 
the controls (control, 1/49; low dose, 8/48; high 
dose, 3/49; P= 0.021). Hepatocellular carcino- 
mas occurred with a negative trend (5149; 1/48; 
0149; P<CI.Ol). The incidence of adenomas or 
carcinomas (combined) in dosed female mice was 
not significantly different from that in the con- 
trols (6149, 9/48; 3/49). 

TABLE 15. ANALYSIS OF UTERINE TUMORS IN FEMALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF ETHYLENE OXIIIE 

Chamber Control 50 Ppm 100 ppm 

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

Adenoma 
Overall Rates 

0149 (0%) 1/47 (2%) 5/49 (10%) 
0.0% 3.6% 14.3% 
0125 (0%) 0124 (0%) 3/31 (10%) 

P=0.024 P = 0.507 P = 0.058 
P=O.O19 P = 0.383 P = 0.05 1 

98 91 

0149 (0%) 1/47 (2%) OJ49 (0%) 

Adenoma or Adenocarcinoma (a) 
Overall Rates 0149 (0%) 2/47 (4%) 5/49 (10%) 
Adjusted Rates 0.0% 7.6% 14.3% 
Terminal Rates 0/25 (0%) 1/24 (4%) 3/31 (10%) 
Week of First Observation 98 91 
Life Table Tests P=0.036 P = 0.239 P = 0.058 
Incidental Tumor Tests P=0.028 P = 0.173 P=0.051 

(a) Historical incidence of uterine glandular tumors in chamber controls at study laboratory (mean): 41236 (2%); historical 
incidence in untreated controls in NTP studies: 812,055 (0.4%) 
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TABLE 16. ANALYSIS OF MAMMARY GLAND TUMORS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLE:YE OXIDE 

Chamber Control 50 Ppm 100 ppm 

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

Adenosquamous Carcinoma 
Overall Rates 

1149 (2%) 6/48 (13%) 4/49 (8%) 

0125 (0%) 2/24 (a%) 3/31 (10%) 
94 76 92 
P = 0.265 P=0.061 P=0.247 
P= 0.179 P=0.033 P=0.234 

2.9% 18.9% i i  .a% 

0149 (0%) 2/48 (4%) 2/49 (4%) 

Adenocarcinoma o r  Adenosquamous Carcinoma (a) 
Overall Rates 1/49 (2%) 8/48 (17%) 6/49 (12%) 
Adjusted Rates 2.9% 24.8% 17.1% 
Terminal Rates 0125 (0%) 3/24(13%) 4/31 (13%) 
Week of First Observation 94 76 92 
Life Table Tests P = 0.139 P = 0.020 P=O.lOO 
Incidental Tumor Tests P = 0.082 P=0.012 P=0.087 

(a)  Historical incidence in chamber controls a t  study laboratory (mean): 6/24E (2%); historical incidence in untreated controls 
in NTP studies: 51/2,090 (2%) 
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Short-Term Studies 

A series of short-term inhalation toxicity studies 
(Chour, 14-day, and 14-week) were conducted to 
assess the toxicity of ethylene oxide in B6C3F1 
mice. Histopathologic examinations in the 14- 
week studies revealed dose-related increases in 
incidence and severity of nasal, thymic, and re- 
nal lesions in the exposed mice. One hundred- 
percent mortality and severe clinical signs oc- 
curred in mice of each sex exposed at 400 or 600 
ppm. Final mean body weights of 50-, loo-, and 
200-ppm and control groups were comparable. 
Based on the deaths and lesions observed in the 
14-week studies, the concentrations of ethylene 
oxide selected for the 2-year studies were 0, 50, 
and 100 ppm. 

Survival and Body Weight in the 
Two-year Studies 

Survival rates of exposed and control male and 
female mice were comparable (see Table 11). 
Mean body weights were not adversely affected 
by exposure to ethylene oxide (see Table 10 and 
Figure 6). Haseman et  al. (1985) reported that 
in recent 2-year NTP carcinogenesis studies, the 
overall survival rates were 74% and 73%, respec- 
tively, for untreated male and female B6C3F1 
mice and 67% and 61% for corn oil gavage con- 
trol male and female B6C3F1 mice. Historical 
survival rates of control B6C3F1 mice based on 
five previously completed NTP inhalation stud- 
ies were 86% (215/250) and 64% (159/250), re- 
spectively, for chamber-housed untreated male 
and female mice. In the present studies, the sur- 
vival rates of chamber control male and female 
mice were 56% and 50%, respectively. Since the 
occurrence of nonaccidental deaths before termi- 
nation of the studies was greatest in both male 
and female control mice, the slightly lower sur- 
vival among all groups in the present studies 
may be attributed to the general health status of 
the mice. One health problem was the presence 
of infections of the urogenital tract. Klebsiella 
was cultured from ovarian abscesses at week 93; 
in males, ulcerative skin lesions on and around 
the prepuce were observed and attributed to a 
variety of bacterial strains. Serologic analyses 
for murine viruses and Mycoplasma p u l m o n i s  
showed no positive titers in the serum of mice 
collected before the start of the studies, after 
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17-19 months, or after 24 months (Appendix Cl. 
Most of the deaths occurred during the last 30 
weeks of the studies (see Table 10 and Figure 7). 
Survival of both sexes of mice in all dose groups 
was adequate and did not affect the sensitivity of 
the study to determine the carcinogenic poten- 
tial of eth,qlene oxide. 

On three occasions, high dose mice were exposed 
to ethylene oxide at concentrations of 200, 245, 
and 289 ppm for less than 1 hour; low dose mice 
were exposed a t  concentrations of 81, 82, and 
100 ppm ibr less than 1 hour. These deviations 
occurred carly in the exposure phase (five of the 
six in the first 5 months of the studies); survival 
was 90%-100% at this time and was similar in 
the exposcd and control mice. Thus, these devia- 
tions did not increase mortality or influence the 
findings i:i these studies. 

Pathologic Findings in the 
Two-year Studies 

In the 2-year studies, only 1/50 male B6C3F1 
mice exposed a t  100 ppm exhibited renal tubular 
degenerai,ion; no other males or females were di- 
agnosed as having this lesion. In contrast, renal 
tubular degeneration was observed in  5/10 
males exr'osed at 100 ppm for 14 weeks. The dis- 
parity be,;ween the incidences of this lesion in  
male mice in the 14-week and 2-year studies 
may lie with the confounding influence of subtle 
lesions detected in the presence of age-related 
changes in B6C3F1 mice. Thymic, splenic, and 
nasal lesions observed in the 14-week studies 
were not seen in the 2-year studies. These le- 
sions were observed in the 14-week studies a t  
higher exposure concentrations of ethylene ox- 
ide than were employed in the 2-year studies 
and therefore are  attributed to the difference in 
exposure levels. 

Inhalation of ethylene oxide produced increased 
incidence j of alveolarhronchiolar adenomas and 
alveolarhronchiolar carcinomas in both male 
and fema.e B6C3F1 mice (see Table 12). Alveo- 
lar/bronchiolar adenomas and carcinomas de- 
velop spoi~taneously in male and female B6C3F1 
mice (Wa*d e t  al.,  1979); however, the incidences 
of the combined lung tumors in males a t  both ex- 
posure concentrations and in females a t  100 ppm 
exceed the upper ranges for historical controls 
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(Appendix A, Table A4a; Appendix B, Table 
B4a). No other studies of ethylene oxide either 
in other species or by other routes of exposure 
have reported an  increased incidence of lung tu- 
mors. Incidences of alveolarhronchiolar adeno- 
mas and carcinomas in the two rat inhalation 
studies (Snellings e t  al . ,  1984; Lynch e t  a l . ,  
1984b) were 2% or lower and did not differ be- 
tween control and exposed F344 rats. 

Positive trends in the incidences of papillary 
cystadenomas of the harderian gland were also 
observed in male and female mice (see Table 13); 
the incidences in exposed males and females 
were significantly greater than those in the con- 
trols. The incidence of this tumor in the present 
studies was 2% in both the male and female 
chamber controls, similar to the historical inci- 
dences at the study laboratory and in untreated 
controls in NTP studies overall (Tables A4b and 
B4c). The incidences in the four exposed groups 
ranged from 13% to 20%, each being slightly 
greater than the reported historical upper range. 
This increase in papillary cystadenomas in both 
sexes at both exposure concentrations is consid- 
ered biologically significant, since the results of 
the trend tests were significant and the inci- 
dences in dosed males and females were greater 
than those in the controls. There was no evi- 
dence of an  increased incidence of tumors of the 
harderian gland in F344 rats exposed by inhala- 
tion to ethylene oxide. 

Malignant lymphomas occurred at an  increased 
incidence in the high dose female group (control, 
9/49; low dose, 6/48; high dose, 22/49; PC0.05). 
The incidences of malignant lymphomas in male 
mice were dose related but not significantly in- 
creased. Increased incidences of lymphomas 
were not observed in the rat inhalation studies 
(Snellings et  al., 1984; Lynch et al., 1984b). 

Uterine glandular tumors were increased in the 
high dose females (see Table 15). The incidence 
of 5/49 (10%) exceeded the overall mean his- 
torical incidence in  untreated control female 
B6C3F1 mice (812,055; 0.4%) and the historical 
incidence at the study laboratory (41236; 1.7%). 
Due to the low historical incidence of uterine 
glandular tumors and  the  absence of these 
tumors in the control group, the  increased 
incidence in the 100-ppm group was considered 

to be due to exposure to ethylene oxide. N o  com- 
pound-related uterine glandular tumors have 
been observed in previous carcinogenesis studies 
of ethylene oxide. 

The incidences of adenocarcinomas and adeno- 
carcinoma j or adenosquamous carcinomas (com- 
bined) of the mammary gland were increased in 
exposed fe-nales compared with those in controls 
(see Table 16). The combined incidences of 8/48 
and 6/49 for the 50- and 100-ppm groups exceed 
the historizal incidences of 2% for the NTP stud- 
ies and thcse of the study laboratory (Table B4f). 
Statistical significance for differences in the in- 
cidences (if mammary gland tumors was ob- 
served only between controls and the low dose 
group. Th? sixfold to eightfold increases in inci- 
dences of mammary gland tumors in exposed fe- 
male B6C3F1 mice were considered to be due to 
exposure t 3 ethylene oxide. 

One feature of inhalation exposure of animals to 
ethylene oxide is the absence of neoplasms of the 
nasal cavity. Although ethylene oxide is a po- 
tent direct-acting alkylating agent for DNA 
throughout the various body tissues of an  orga- 
nism (Ehrenberg et  al., 1974; Segerback, 1983; 
Brookes and Lawley, 19611, the tissue that came 
into initial direct contact with the chemical did 
not exhibit an  increase in neoplasms. In some 
cases, nasiil tumors in animals and humans may 
be dependent on chronic irritation induced by 
the chemical as well as by the ability of the 
chemical YO react with DNA. Suggestive evi- 
dence for this hypothesis are  the nasal tumors in 
animals induced by formaldehyde (Swenberg et  
al., 1980) and the low incidence of nasal tumors 
induced in rats and mice exposed to propylene 
oxide at 300-400 ppm in air  but not at lower con- 
centrations (NTP, 1985a; Lynch et  al., 1984b). 

Mutagenkity 

The avail ible data demonstrate tha t  ethylene 
oxide is a direct-acting mutagen and clastogen 
with activity noted both in vivo and in vitro in 
biologic sJrstems varying from micro-organisms 
to higher plants and animals, including humans. 
Exposure of mice to ethylene oxide results in  
increased frequencies of inherited dominant  
visible mutations and gene mutations detected 
by changes in  e lectrophoret ic  mobil i ty  of 
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proteins (Lewis e t  al., 1986) as well as inherited 
translocations and dominant lethality (Generoso 
et  a l . ,  1980, 1986). Although Russell e t  al. 
(1984) reported no increase in mutation rates at 
morphologic specific loci in male (101 X C3H)Fl 
mice after total accumulated inhalation expo- 
sure to ethylene oxide of 101,000 or 150,000 
ppm.hours over a 16-23 week period, positive 
results in dominant lethal and translocation 
tests indicate that exposure to ethylene oxide 
represents a potential reproductive hazard.  
Dose-rate studies have demonstrated that ,  al- 
though overall long-term cumulative exposure is 
an  important parameter for risk assessment, ex- 
posure to short bursts of ethylene oxide a t  rela- 
tively high concentrations, such as occurs fre- 
quently in the workplace, may represent an  even 
greater risk in te rms  of germ cell damage 
(Generoso et al., 1986). 

Carcinogenicity 

There was prior strong evidence that ethylene 
oxide is a carcinogen in animals and suggestive 
evidence in humans. Exposure to ethylene oxide 
produced peritoneal mesotheliomas in  male 
F344 rats and mononuclear cell leukemia in fe- 
male F344 rats after inhalation exposure a t  con- 
centrations up to 100 ppm for 2 years (Snellings 
et al., 1984). Increased incidences of primary 
brain tumors in rats of each sex were also ob- 
served (Snellings et al., 1984; Garman e t  al., 
1985). In a second inhalation study, male F344 
rats exposed to ethylene oxide a t  concentrations 
up to 100 ppm developed mononuclear cell leu- 
kemia, peritoneal mesotheliomas, and mixed 
cell brain gliomas (Lynch et  al., 1984b). Gavage 
administration of ethylene oxide to female 
Sprague Dawley rats produced squamous cell 
carcinomas of the forestomach (Dunkelberg,  
1982). Sarcomas were produced in female NMRI 
mice that received subcutaneous injections of 
ethylene oxide once weekly for 90 weeks (Dunk- 
elberg, 1981). Thus, ethylene oxide induces tu- 
mors both a t  the site of administration and 
distally. 

The results of three epidemiologic studies in hu- 
mans have suggested an  association between 
exposure to ethylene oxide and a higher inci- 
dence of cancer. The incidences of leukemia and 

cancer of all sites and deaths attributed to leu- 
kemia were increased in workers exposed to 
ethylene o vide used as a sterilant (Hogstedt e t  
al., 1979a, 1984). Increased mortality from 
stomach cancer and leukemia was reported by 
these sami? investigators in a cohort mortality 
study of ethylene oxide production workers 
(Hogstedt et al., 1979b, 1984). The U.S. En- 
vironmental Protection Agency reanalyzed data 
reported as, negative by Morgan et  al. (1981) and 
stated that there was increased mortality from 
pancrea t ic  cancer  and  Hodgkin's d i sease  
(USEPA, 1985). In the three studies, the higher 
mortality rates and incidence of cancer were not 
limited to a particular type of malignancy, and 
the workers in the cohort study were exposed to 
other chemicals in addition to ethylene oxide. 

Compound 3 structurally related to ethylene ox- 
ide have bcen tested for carcinogenicity, but re- 
sults indicate a lower tumorigenic activity. Pro- 
pylene oxide, a homolog of ethylene oxide, was 
studied by both Lynch e t  al .  (1984b) and the 
NTP (198Ea). In the former study, adenomas 
were detec ;ed in the nasal passages of 2/50 F344 
male rats exposed a t  300 ppm propylene oxide. 
Propylene oxide was found to produce papillary 
adenomas of the nasal turbinates in F344/N rats 
and hemangiomas or hemangiosarcomas (com- 
bined) of the same tissue site in mice exposed a t  
400 ppm ir the NTP study. Thus, propylene ox- 
ide produccs tumors in the nasal cavity, whereas 
ethylene ovide produces tumors at si tes other 
than the nasal cavity. The role of differing air  
concentrat ions in  tes ts  for tumorigenic re- 
sponses cannot be discounted. 

Ethylene, which is reported to be metabolized to 
ethylene cxide (Segerback, 1983; Fi lser  and 
Bolt, 19831, has also been tested for carcino- 
genicity. Yo carcinogenic responses were re- 
ported in male and female F344 rats  exposed by 
inhalation to ethylene a t  concentrations up to 
3,000 ppm for 24 months (Hamm et al., 1984). 
Similarly, i o  evidence of carcinogenicity was re- 
ported in F'344/N rats or B6C3F1 mice of either 
sex exposed to propylene a t  concentrations up to 
10,000 ppni for 2 years (NTP, 198513). Ethylene 
and propylene do not appear to pose the same 
degree of carcinogenic hazard to humans as do 
their respe :tive monoepoxides. 
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Data Audit 

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

Conclusions 

Under the conditions of these 2-year inhalation 
studies, there was clear evidence of carcinogenic 
activity* for B6C3F1 mice as  indicated by dose- 
related increased incidences of benign or malig- 
nant neoplasms of the lung and benign neo- 
plasms of the harderian gland in both male and 
female B6C3F1 mice following exposure to ethyl- 
ene oxide vapors a t  50 and 100 ppm. In female 
mice, ethylene oxide caused additional malig- 
nant neoplasms of the uterus, mammary gland, 
and hematopoietic system (lymphoma). 

*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 page 9. 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLENE OXIDE 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
None 

RESPIRATORY SYSTEM 
#Lung ( 5 0 )  (50) (50 )  

Squamous cell carcinoma, metastatic 1 (2%) 
Hepatocellular carcinoma, metastatic 4 (8%) 3 (6%) 4 (8%) 
Alveolar/bronchiolar adenoma 5 (10%) 1 1  (22%) 1 1  (22%) 
Alveolar/bronchiolar carcinoma 6 (12%) 10 (20%) 16 (32%) 
Cortical carcinoma, metastatic 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 

Malignant lymphoma, mixed type 

Squamous cell carcinoma, metastatic 

Squamous cell carcinoma, metastatic 

Malignant lymphoma, NOS 

#Spleen 

#Mandibular lymph node 

#Bronchial lymph node 

#Ileum 

( 5 0 )  (50) 
1 (2%) 1 ( 2 % )  

(48) 

(21) 

(21) 

(45) 

1 (2%) 

1 (5%) 

1 (5%) 

1 (2%) 

CIRCULATORY SYSTEM 
+Subcutaneous tissue 

Hemangioma 
#Myocardium 

Cortical carcinoma, metastatic 
#Liver 

Hemangiosarcoma 

DIGESTIVE SYSTEM 
#Liver (49) (50) (50) 

8 (16%) 11 (22%) 
Hepatocellular carcinoma 9 (18%) 9 (18%) 11  (22%) 

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

Carcinoma, NOS 1 (2%) 

Hepatocellular adenoma 6 (12%) 

#Forestomach (47) (48) (48) 

#Duodenum (45 ) (45) (46) 

URINARY SYSTEM 
#Kidney 

Tubular cell adenoma 
Cortical carcinoma, metastatic 

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

1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary 

#Adrenal 
Carcinoma, NOS 

Cortical adenoma 

(44) (43 ) 

(49) (50) 
1 ( 2 % )  

1 (2%) 

(48) 

(48) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Adrenal (Continued) 

Cortical carcinoma 
#Adrenal/capsule 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma 
#Thyroid 

Follicular cell adenoma 

REPRODUCTIVE SYSTEM 

Interstitial cell tumor 
#Testis (50) (50) (50) 

1 (2%) 1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
#Harderian gland (43) (44) (42) 

Papillary cystadenoma, NOS 1 (2%) 9 (20%) 8 (19%) 
Papillary cystadenocarcinoma NOS 1 (2%) 

Squamous cell carcinoma 1 (2%) 
*Ear (50) (50) (50) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Mediastinum (50) 

Alveolar/bronchiolar carcinoma, metastatic 
(50) (50) 

1 (2%) 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Accidentally killed, nda 

50 
12 
11 
27 

50 
8 

10 
31 

1 

50 
10 
6 

34 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

29 
35 
15 
17 
18 
18 
4 
4 

38 
61 
26 
35 
22 
26 
5 
9 

41 
73 
27 
41 
26 
32 

5 
5 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 

63 Ethylene Oxide, NTP TR 326 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR
INHALATION STUDY OF ETHYLENE OXIDE: 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
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma
Hemangiosarcoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine

Carcinoma, NOS
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Adrenal

Adenoma, NOS
Cortical adenoma

Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Testis
Prostate

NERVOUS SYSTEM
Brain

SPECIAL SENSE GROANS
Hardenan gland

Papillary cystadenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS

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

0 01 0 01 01 01 0 01 0 0! 0 0 0 0 0
1 5 6 6 6 7 7 7 8 8 8 8 9 9 9
3 S\ 0 3| 7| 4| 4 5| 6 8\ 7 8 0 1 1

X X X
X

X
+ A + + + + + + + + + + + + H

+ ti + + + + + + + + + + + + j
- t - A i• + - * - - f + + + + + + + + ^
4 - A - t - — - + - - * - — — — — — — -t- — -t
- A - ^ - - - - - + - + + + + ^

+ + + + + + + + + + + + + + ^

X X X X X X X X

+ N N N N N N N ^ - + ^- + + + ^

+ A + + + + + + + + + + + + +
+ A- + + + + + + + + + + + -

-A- + + + + + + + + + + + +

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

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

+ + + + + +

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

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

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

0 0 0 0 0 0 0 0 0 0
0 3 3 0 4 2 1 0 0 0
6 5 0 3 5 6 5 1 2 4

0 01 01 01 0 0 I 1 l! 1
9 9 9 9 9 9 0 0 0 0
3 6| 7| 8| 8 9 3 4 4| 4

X
X X

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

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

— — -f _ _ _ _ _ _ ^

- + + - + -- + + + +

+ + + + + + + + + +

X X
X

+ + + N + + N + +

+ + + + + + + + —

X

+ + + + + + + + + +

+ + + + + + + + + +
+ - + + + + 4- + + +

+ + + + + + + + + +

X

+ + +

+ + N + N + N + + +

. + + + + + + + + +

N N N N N N N N N N

+ Tissue examined microscopically
— Required tissue not examined microscopically
X Tumor incidence
N Necropsy, no autolysis, no microscopic examination
S Animal missexed

No tissue information submitted
C Necropsy, no histology due to protocol
A Autolysis
M Animal missing
B No necropsy performed
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: CHAMBER CONTROL
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
AJveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma
Hemangiosarcoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine

Carcinoma, NOS
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary
Adrenal

Adenoma, NOS
Cortical adenoma

Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Testis
Prostate

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Papillary cystadenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS

0 0 0 0 01 0 0 0 0 01 01 0 0 0 0 0 0 01 01 01 0 0 0 0 0

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

1 1 l i t 1 1 1 1 1 1 11 11 1] 1 1 1 1 - 1 11 11 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 4 4J 4 4| 4 4 4 4 4 | 4 | 4 4 4 4 4 4 4 | 4 | 4 4 4 4 4 4

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

X X
X X X

^ + "*" ^ ^ +

+ + + + + + + + + . + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +
X X X X

X

N - t - + +N + + + 4 - N N + N + + + + + + 4- + + + + +

X

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

- + -H + + + + + + + + + -I- + + + - + + + + + + - +

X
X

+ + + +. + +
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

TOTAL:
TISSUES
TUMORS

50
4
5
6

49

49
49
13
29

50

50
49

6
9
1

49
'50
48
48
47

2
45
1

45

50
46

44
49
2
1

47
15

•50
50
43

50

43
1

»50
1

* Animals necropsied
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR
INHALATION STUDY OF ETHYLENE OXIDE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Squamous cell carcinoma, metastatic
Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Cortical carcinoma, metastatic

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, mixed type
Lymph nodes

Squamous cell carcinoma, metastatic
Thymus

CIRCULATORY SYSTEM
Heart

Cortical carcinoma, metastatic

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Squamous cell carcinoma

Small intestine
Malignant lymphoma, NOS

Large intestine

URINARY SYSTEM
Kidney

Cortical carcinoma, metastatic
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adrenal

Adenoma, NOS
Cortical carcinoma
Pheochromocytoma

Thyroid
Folhcular cell adenoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Papillary cystadenoma, NOS
Ear

Squamous cell carcinoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS

01 01 01 0 0 01 0 0 0 01 01 0 01 0 01 01 0 01 0 0 01 0 0 0
2 0 0 3 2 0 3 3 3 1 3 4 1 4 3 0 1 0 1 0 0 0 0 1
l| 8| 5| 6 7 7| 1 7 2 8| 8J 6 o| 4 s| 6| 4 2| 3 1 3| 4 9 1

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 11 11 11 11 11 11
0 5 6 7 7 7 7 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0 0 0

?
2

— r~
0

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 + + + 4- + - I - + 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
+ + + + + + + + + + + + + + + + + + + + + + + +

4.

+

—

N
+

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

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

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

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

+
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Ethylene Oxide, NTP TR 326 66



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

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Squamous cell carcinoma, metastatic
Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Cortical carcinoma, metastatic

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, muced type
Lymph nodes

Squamous cell carcinoma, metastatic
Thymus

CIRCULATORY SYSTEM
Heart

Cortical carcinoma, metastatic

DIUESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Squamous cell carcinoma

Small intestine
Malignant lymphoma, NOS

Large intestine

URINARY SYSTEM
Kidney

Cortical carcinoma, metastatic
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adrenal

Adenoma, NOS
Cortical carcinoma
Pheochromocvtoma

Thyroid
Folhcular cell adenoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Papillary cystadenoma, NOS
Ear

Squamous cell carcinoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS

0 0 0 0 0 0 0 0 0 01 01 0 01 01 0 01 01 0 0 01 0 0 0 0 0

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

11 1 11 1 11 11 1 11 11 1 11 11 1 1 1 1 1 1 '1 1 1 1 11 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4| 4 4| 4 4| 4| 4 4| 4| 4 4| 4| 4 4 4 4 4 4 4 4 4 4 4| 4 4

X

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

— — — 4- — — — + — — — — — — + — + + 4- — — + + - . —

x@
+ + - + + + - + + + + - + + + + + -- + + -- + +

X X X X

X X
X

X

X

X

X_ + +. + + _ + - + -- + - + + - - - - - - + + --

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

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

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

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

X X X X X X X
N N N 4 - 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

TOTAL
TISSUES
TUMORS

50
1
3

11
10
1

49

50
48
1

21
1

32

50
1

50
50
8
9

50
•50
48
45
48

2
1

45
1

47

49
1

47

43
1

50
1
1
1

47
2

20

•50
50
1

47

50

44
9

•50
1

•50
1

* Animals necropsiad
@ Multiple occurrence of morphology
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR
INHALATION STUDY OF ETHYLENE OXIDE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Hemangioma

RESPIRATORY SYSf EM
Lungs and bronchi

Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIUESTTVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma
Hemangiosarcoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Tubular cell adenoma
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Adrenal

Adenoma, NOS
Thyroid

Folhcular cell adenoma
Parathyroid

REFRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Papillary cystadenoma, NOS
Papillary cystadenocannnoma, NOS

BODY CAVITIES
Mediastinum

Alveolar/bronchiolar carcinoma, metastatic

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

01 01 01 01 0 0 0 0 0 01 0 0 01 01 0 01 0 01 01 0 0 0 0 0 0
4 4 3 5 3 3 3 0 1 2 1 2 1 3 1 3 0 0 0 0 0 0 0 0 1
7| 6| 5| fl| 6 3 9 9 5 9| 1 8 4| 7| 0 4| 1 2| 3| 4 5 6 7 8 2
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Hemangioma

RESPIRATORY SYSTEM
Lungs and bronchi

Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma
Hemanposarcoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell paptlloma
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Tubular cell adenoma
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Adrenal

Adenoma, NOS
Thyroid

Follicular cell adenoma
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Testis

Interstitial cell tumor
Prostate

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Papillary cystadenoma, NOS
Papillary cystadenocannnoma, NOS

BODY CAVITIES
Mediastinum

Alveolar/bronchiolar carcinoma, metast

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed type

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

11 11 1 11 11 11 11 11 1 11 1 11 1 1 1 1 1 1 1 1 1 1 1
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4 4 4| 4 4| 4 | 4 | 4 4 4 | 4 4| 4 4| 4 4 4 4 4 4 4 4 4 4 4
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X

TOTAL:
TISSUES
TUMORS

•50
1

50
4

11
16
49

50
48
12
34

50

50
50
11
11
1

50
*50
46
45
48
3

46
46

50
1

48

48
48
3

49
2

15

*50
50
1

46

50

42
8
1

•50
1

•50
1
1
1

* Animals necropsied
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF ETHYLENE OXIDE 

Chamber Control 50 Ppm 100 ppm 

Lung: AlveolarlBronc hiolar Adenoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 16.5% 
Terminal Rates (e) 4/28 (14%) 
Week of First Observation 88 
Life Table Tests (d) P=0.155 
Incidental Tumor Tests (d) P = 0.1 10 
Cochran-Armitage Trend Test (d) P = 0.076 
Fisher Exact Test (d) 

Lung: AlveolarlBronchiolar Carcinoma 
Overall Rates (a)  6/50 (12%) 
Adjusted Rates (b)  18.3% 
Terminal Rates ( c )  3/28 (1 1%) 
Week of First Observation 87 
Life Table Tests (d) P = 0.032 
Incidental Tumor Tests (d) P=0.017 

P = 0.010 
Fisher Exact Test (d) 
Cochran-Armitage Trend Test (d) 

Lung: Alveolar/Bronchiolar Adenoma o r  Carcinoma 
Overall Rates (a) 11/50 (22%) 
Adjusted Rates (b) 33.2% 
Terminal Rates (e) 7/28 (25%) 
Week of First Observation 87 
Life Table Tests (d) P=O.OlO 
Incidental Tumor Tests (d) P = 0.002 
Cochran-Armitage Trend Test (d) P=O.OOl 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 1/50 (2%) 

Terminal Rates (e) 0/28 (0%) 
Week of First Observation 67 
Life Table Tests (d) P = 0.305 
Incidental Tumor Tests (d) P=0.236 
Cochran-Armitage Trend Test (d) P=0.238 
Fisher Exact Test (d) 

Adjusted Rates (b) 2.2% 

Liver: Hepatocellular 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) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage 'Icend Test (d) 
Fisher Exact Test (d) 

Ethylene Oxide, NTP TR 326 

6/49 (12%) 
20.4% 
5/28 (18%) 
98 
P = 0.216 
P = 0.159 
P=0.122 

9/49 (18%) 
19.8% 
0/28 (0%) 
60 
P=0.421 
P=0.126 
P=0.370 

70 

11/50 (22%) 
3 1.6% 
8/31 (26%) 
60 
P=0.122 
P = 0.095 

P = 0.086 

10/50 (20%) 
32.3% 
10/31 (32%) 
104 
P = 0.267 
P=0.230 

P=0.207 

19/50 (38%) 
55.4% 
16/31 (52%) 
60 
P = 0.109 
P = 0.070 

P = 0.063 

3/50 (6%) 
9.7% 
3/31 (10%) 
104 
P=0.336 
P=0.320 

P = 0.309 

8/50 (16%) 
24.1% 
6/31 (19%) 
96 
P = 0.459 
P=0.391 

P=0.403 

9/50 (18%) 
19.7% 
0/31 (0%) 
60 
P = 0.575N 
P=0.591 

P = 0.584N 

11/50 (22%) 
31.3% 
10/34 (29%) 
99 
P = 0.164 
P = 0.1 27 

P=0.086 

16/50 (32%) 
43.0% 
13/34 (38%) 
76 
P=0.048 
P=O.O19 

P=0.014 

26/50 (52%) 
68.3% 
22/34 (65%) 
76 
P=0.014 
P=0.003 

P = 0.002 

3/50 (6%) 
8.1% 
1/34 (3%) 
99 
P=0.367 
P=0.249 

P = 0.309 

11/50 (22%) 
31.4% 
10/34 (29%) 
102 
P=0.260 
P=0.214 

P = 0.154 

11/50 (22%) 
25.8% 
4/34 (12%) 
73 
P=0.477 
P=0.192 

P=0.421 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR INHALATION 
STUDY OF ETHYLENE OXIDE (Continued) 

Chamber  Control 50 Ppm 100 ppm 

Liver: Hepatocellular Adenoma o r  Carcinoma 
Overall Rates (a) 15/49 (31%) 
Adjusted Rates (b) 36.2% 
Terminal Rates (c) 5/28 (18%) 
Week of First Observation 60 
Life Table Tests (d) P=0.275 
Incidental Tumor Tests (d) P = 0.065 
Cochran-Armitage Trend Test (d) P=0.140 
Fisher Exact Test (d) 

Forestomach: Squamous Cell Papilloma 
Overall Rates (a) 2/47 (4%) 
Adjusted Rates (b)  6.9% 
Terminal Rates (c) 1/27 (4%) 
Week of First Observation 99 
Life Table Tests (d) P=0.507 
Incidental Tumor Tests (d) P = 0.469 
Cochran-Armitage Trend Test (d) P=Q.415 
Fisher Exact Test (d) 

Forestomach: Squamous Cell Papilloma o r  Carcinoma 
Overall Rates (a) 2/47 (4%) 
Adjusted Rates (b) 6.9% 
Terminal Rates (c) 1/27 (4%) 
Week of First Observation 99 
Life Table Tests (d) P=0.520 
Incidental Tumor Tests (d) P = 0.485 
Cochran-Armitage Trend Test (d) P = 0.421 
Fisher Exact Test (d) 

Adrenal Gland Capsule: Adenoma 
Overall Rates (a) 2/49 (4%) 
Adjusted Rates (b) 6.4% 
Terminal Rates (c) 1/28 (4%) 
Week of First Observation 96 
Life Table Tests (d) P = 0.473 
Incidental Tumor Tests (d) P = 0.440 
Cochran-Armitage Trend Test (d) P=0.391 
Fisher Exact Test (d) 

Harder ian  Gland: Papillary Cystadenoma 
Overall Rates (a) 1/43 (2%) 
Adjusted Rates (b) 4.0% 
Terminal Rates (c) 1/25 (4%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.026 
Incidental Tumor Tests (d) P = 0.024 

P = 0.019 
Fisher Exact Test (d) 
Cochran-Armitage Trend Test (d) 

17/50 (34%) 21/50 (42%) 
39.1% 49.6% 
6/31 (19%) 13/34(38%) 
60 73 
P = 0.488 P=0.313 
P = 0.384 P = 0.099 

P = 0.442 P=0.166 

2/48 (4%) 3/48 (6%) 
6.5% 8.8% 
2/31 (6%) 3/34 (9%) 
104 104 
P=0.647N P = 0.604 
P = 0.688N P = 0.554 

P=0.684N P=0.510 

3/48 (6%) 3/48 (6%) 
9.7% 8.8% 
3/31 (10%) 3/34 (9%) 
104 104 
P = 0.559 P=0.604 
P=0.520 P = 0.554 

P = 0.510 P=0.510 

1/50 (2%) 3/48 (6%) 
3.2% 8.8% 
1/31 (3%) 3/34 (9%) 
104 104 
P=0.473N P = 0.583 
P =  0.515N P=0.540 

P = 0.492N P = 0.490 

9/44 (20%) (e) 8/42 (19%) 
30.7% 27.6% 
8/28 (29%) 7/27 (26%) 
97 73 
P = 0.014 P=0.021 
P = 0.012 P=O.O21 

P = 0.008 P=0.013 

(a) Number of tumor-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 h m o r  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) A papillary cystadenocarcinoma was also present in an  animal with a papillary cystadenoma. 
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TABLE A4a. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN MALE B6C3F!
MICE RECEIVING NO TREATMENT (a)

Incidence in Controls

Study
Adenoma Carcinoma Adenoma or

Carcinoma

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories

Propylene oxide
Methyl methacrylate
Propylene
Dichloromethane
Tetrachloroethylene

TOTAL
SD(b)

Range (c)
High
Low

14/50
10/50
7/50
3/50
3/49

37/249(14.9%)
9.42%

14/50
3/50

2/50
3/50
9/50
2/50
4/49

20/249 (8.0%)
5.83%

9/50
2/50

Overall Historical Incidence for Untreated Controls in NTP Studies

TOTAL
SD(b)

Range (c)
High
Low

255/2,080(12.3%)
6.74%

14/50
1/50

105/2,080 (5.0%)
3.95%

8/48
0/50

15/50
11/50
16/50
5/50
6/49

53/249(21.3%)
10.00%

16/50
5/50

351/2,080(16.9%)
8.07%

17/50
1/49

(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 A4b. HISTORICAL INCIDENCE OF HARDERIAN GLAND TUMORS IN MALE B6C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Study 

Incidence in Controls 
Adenoma Adenocarcinoma Adenoma or 

Adenocarcinoma 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

(b) 1/50 
4/50 

(b) 2/50 
0150 
0149 

0150 
2/50 
0150 
0150 

(c) 1/49 

71249 (2.8%) 31249 (1.2%) 
3.55% 1.79% 

4/50 
0150 

Overall Historical Incidence for Untreated Controls in NTP Studies 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

(D 6312,091 (3.0%) 
3.23% 

6/50 
0150 

2/50 
0150 

(g) 412,091 (0.2%) 
0.59% 

1/50 
0150 

(b) 1/50 
6/50 

(b) 2/50 
0150 

(c) 1/49 

101249 (4.0%) 
4.69% 

6/50 
0150 

6712,091 (3.2%) 
3.25% 

6/50 
0150 

(a) Data as  of August 30,1985, for studies of a t  least 104 weeks 
(b) Papillary cystadenoma 
(c) Papillary cystadenocarcinoma 
(d) Standard deviation 
(e) Range and SD are presented for groups of 35 or more animals. 
(D Includes 50 adenomas, NOS; 5 papillary adenomas; 5 cystadenomas; and 3 papillary cystadenomas 
(g)  Includes one adenocarcinoma, NOS, and three carcinomas, NOS 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Ulcer, NOS 
Inflammation, chronic focal 
Atrophy, NOS 
Hyperkeratosis 
Acanthosis 
Parakeratosis 

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

RESPIRATORY SYSTEM 

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

*Nasal gland 
Cyst, NOS 
Hyperplasia, focal 

*Laryngeal submucosa 
Cyst, NOS 

#Trachea 
Metaplasia, squamous 

#Tracheal submucosa 
Cyst, NOS 
Inflammation, chronic diffuse 

#Tracheal gland 
Hyperplasia, NOS 

#Lung/bronchus 
Cytoplasmic aggregate, NOS 

#Bronchial submucosa 
Cyst, NOS 

Congestion, acute passive 
Inflammation, chronic focal 
Hyperplasia, alveolar epithelium 

Inflammation, acute dfluse 
Histiocytosis 

'Nasal cavity 

#Lung 

#Lung/alveoli 

(50) 

1 (2%) 

(50) 

(50) 

(49) 

(49) 

2 (4%) 

39 (80%) 

(49) 

(50) 

(50) 

(50) 
18 (36%) 

4 (8%) 

3 (6%) 

1 (2%) 

(50) 

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

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

7 (14%) 
(50) 

(49) 

(49) 
41 (84%) 
1 (2%) 

4 (8%) 

1 (2%) 

21 (42%) 

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

1 (2%) 
2 (4%) 

(49) 

(50) 

(50) 

(50) 

(50)  

(50) 

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

(50) 

(50) 

(49) 

(49) 

(49) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

26 (53%) 

1 (2%) 

10 (20%) 

1 (2%) 
8 (16%) 

(50) 

3 (6%) 

HEMATOPOIETIC SYSTEM 

Hypoplasia, NOS 

Atrophy, NOS 
Hyperplasia, lymphoid 
Hematopoiesis 

#Bronchial lymph node 
Edema, NOS 
Hyperplasia, NOS 

#Bone marrow 

#Spleen 

(49) (50) (50) 

(49) (48) (48) 
1 (2%) 

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

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

1 (5%) 
1 (5%) 

(13) (21) (12) 
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TABLE A5. SUMMARY OF THE INCIDESCE O F  NOSNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STCDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Mesenteric lymph node (13) (21) (12) 

#Lung (50) (50) (50) 

#Peyer’s patch (45) (45) (46) 

#Duodenum (45) (45) (46) 

Hyperplasia, NOS 1 (5%) 
Hematopoiesis 1 (5%) 

Hyperplasia, lymphoid 1 (2%) 3 (6%) 

Hyperplasia, lymphoid 1 (2%) 

Hyperplasia, lymphoid 1 (2%) 

Mineralization 1 (3%) 
Cyst, NOS 2 (7%) 3 (9%) 
Necrosis, diffuse 1 (3%) 

#Thymus (29) (32) (34) 

CIRCULATORY SYSTEM 

Perivasculitis 

Mineralization 
Inflammation, suppurative 
Inflammation, chronic 
Degeneration, NOS 

Inflammation, NOS 

Inflammation, acute suppurative 
Infection, bacterial 
Degeneration, mucoid 
Hemosiderosis 

Inflammation, chronic 

Perivasculitis 

#Lung 

#Myocardium 

#Endocardium 

#Cardiac valve 

*Sup. pancreaticoduodenal artery 

#Thyroid 

27 (54%) 
4 (8%) 

1 (2%) 

1 (2%) 

(50) 

(47) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 
1 (2%) 

18 (36%) 
4 (8%) 

(50) 

(49) 

DIGESTIVE SYSTEM 
+Pulp of tooth 

Abscess, NOS 
Inflammation, chronic focal 

#Salivary gland 
Lymphocytic inflammatory infiltrate 

#Liver 
Torsion 
Necrosis, focal 
Necrosis, diffuse 
Infarct, NOS 
Focal cellular change 

#Liver/hepatocytes 
Cytoplasmic vacuolization 

#Pancreas 
Inflammation, chronic focal 
Atrophy, NOS 

Hyperplasia, epithelial 
#Esophagus 

(50) 

1 (2%) 

1 (2%) 

2 (4%) 

(50) 

(49) 

9 (18%) 
2 (4%) 
4 (8%) 

(49) 

(48) 

(48) 

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

3 (6%) 

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

3 (6%) 

(50) 

(50) 

(50) 

(48) 
1 (2%) 

(45) 

(50) 

(50) 

(50) 

1 (2%) 
4 (8%) 

3 (6%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 

(46) 

(45) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Gastric mucosa 

Dilatation, NOS 
Cyst, NOS 
Inflammation, suppurative 
Necrosis, NOS 
Atrophy, NOS 
Hyperplasia, focal 
Metaplasia, squamous 

#Gastric submucosa 
Inflammation, chronic focal 

#Forestomach 
Atypia, NOS 
Hyperplasia, epithelial 
Hyperkeratosis 

#Intestinal villus 
Atrophy, NOS 

#Peyer's patch 
Hyperplasia, NOS 

#Colon 
Parasitism 

#Colonic submucosa 
Lymphocytic inflammatory infiltrate 

*Perirectal tissue 
Inflammation, necrotizing 

"Anus 
Inflammation, chronic focal 

(47) 

2 (4%) 
(47) 

(47) 

(48) 
2 (4%) 

1 (2%) 

4 (8%) 
2 (4%) 

2 (4%) 
(48) 

(48) 

2 (4%) 
3 (6%) 

1 (2%) 
(45) 

(45) 

(47) 

(50) 

(50) 

URINARY SYSTEM 

Mineralization 
Cyst, NOS 
Hemorrhage 
Inflammation, suppurative 
Inflammation, chronic 
Glomerulosclerosis, NOS 

# Kidneykubule 
Dilatation, NOS 
Cast, NOS 
Degeneration, NOS 
Necrosis, focal 
Nuclear enlargement 
Cytoplasmic vacuolization 
Cytoplasmic aggregate, NOS 

Hyperplasia, epithelial 

Calculus, unknown gross or micro 
Inflammation, suppurative 
Inflammation, acute 
Inflammation, chronic 
Hyperplasia, epithelial 

#Urinary bladderlmucosa 
Hemorrhage 
Erosion 

#Kidney 

XKidneylpelvis 

#Urinary bladder 

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

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

6 (12%) 
1 (2%) 

(50) 

1 (2%) 

(50) 

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

1 (2%) 
1 (2%) 

(46) 

(49) 
4 (8%) 
7 (14%) 
5 (10%) 
7 (14%) 
7 (14%) 
1 (2%) 

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

3 (6%) 
1 (2%) 

(49) 

(49) 

(47) 
1 (2%) 

1 (2%) 

1 (2%) 
(47) 

(50) 

2 (4%) 

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

1 (2%) 
1 (2%) 

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

1 (2%) 

(50) 

(50) 

(48) 

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

1 (2%) 
1 (2%) 

(48) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

URINARY SYSTEM (Continued) 
*Urethra (50) (50) 

Calculus, unknown gross or micro I (2%) 
Ulcer, NOS 
Inflammation, suppurative 
Erosion 1 (2%) 

(50) 

1 (2%) 
1 (2%) 

ENDOCRINE SYSTEM 

Cyst, NOS 
Inclusion, nuclear 
Hyperplasia, focal 

#Adrenal 
Accessory structure 

XAdrenaYcapsule 
Hyperplasia, diffuse 

#Adrenal cortex 
Cyst, NOS 
Inflammation, acute suppurative 
Infection, bacterial 
Degeneration, lipoid 
Necrosis, focal 
Hypertrophy, NOS 
Hyperplasia, focal 
Hyperplasia, diffuse 

Cyst, NOS 

Cystic follicles 
Hyperplasia, follicular cell 

#Thyroid colloid 
Degeneration, NOS 

#Parathyroid 
Cyst, NOS 

#Pancreatic islets 
Hyperplasia, focal 

#Pituitary 

#Adrenal medulla 

#Thyroid 

(44) 

(49) 

(49) 

(49) 

1 (2%) 

32 (65%) 

(43 ) 
5 (12%) 
1 (2%) 

(50) 

(50) 

(50) 
35 (70%) 

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

5 (10%) 

(50) 

(47) 
1 (2%) 

(47) 

(20) 

(48) 

(48) 

1 (2%) 

1 (2%) 

28 (58%) 

(48) 

(48) 

(48) 

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

1 (2%) 

1 (2%) 

1 (2%) 

1 (7%) 

1 (2%) 

(48) 

(49) 

(49) 

(15) 

(46) 

REPRODUCTIVE SYSTEM 

Dilatationlducts 
Hyperplasia, NOS 

Ulcer, NOS 
Inflammation, suppurative 
Inflammation, chronic 

Cyst, NOS 
Ulcer, NOS 
Inflammation, suppurative 
Inflammation, chronic focal 
Inflammation, chronic diffuse 
Acanthosis 

*Preputial gland 
Cyst, NOS 
Inflammation, suppurative 
Inflammation, chronic 
Hyperplasia, NOS 

*Mammary gland 

*Penis 

*Prepuce 

3 (6%) 
I (2%) 
1 (2%) 

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

(50) 

(50) 

(50) 

4 (8%) 
3 (6%) 

1 (2%) 

10 (20%) 
1 (2%) 
3 (6%) 

(50) 

1 (2%) 

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

(50) 

2 (4%) 
1 (2%) 

12 (24%) 
1 (2%) 
2 (4%) 
2 (4%) 

(50) 

77 Ethylene Oxide, NTP TR 326 



TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM (Continued) 
#Prostate (43) (47) (46) 

*Seminal vesicle (50) (50) (50) 
Inflammation, suppurative 6 (14%) 3 (6%) 5 (11%) 

Dilatation, NOS 9 (18%) 2 (4%) 6 (12%) 
Inflammation, suppurative 3 (6%) 2 (4%) 4 (8%) 
Inflammation, chronic 1 (2%) 
Hyperplasia, epithelial 1 (2%) 

Mineralization 1 (2%) 
Atrophy, NOS 21 (42%) 21 (42%) 33 (66%) 

Inflammation, suppurative 1 (2%) 

#Testis (50) (50) (50) 

*Epididymis (50) (50) (50) 

NERVOUS SYSTEM 
XBrainlthalamus 

Mineralization 
(50) (50) (50) 

12 (24%) 19 (38%) 18 (36%) 

SPECIAL SENSE ORGANS 
*Eye/cornea 

Pannus 
*Nasolacrimal duct 

Inflammation, suppurative 
#Harderian gland 

Cyst, NOS 
Hyperplasia, focal 

MUSCULOSKELETAL SYSTEM 
*Costochondral synchondrosis 

Inflammation, NOS 
Fibrous osteodystrophy 

Degeneration, NOS 
*Muscle of thorax 

BODY CAVITIES 
*Mediastinum 

Hemorrhage 
(50) (50) (50) 

1 (2%) 
Inflammation, chronic 2 (4%) 

Hemorrhage 1 (2%) 
*Abdominal cavity (50) (50) (50) 

ALL OTHER SYSTEMS 
Perineum 

Inflammation, suppurative 1 

SPECIAL MORPHOLOGY SUMMARY 
Autolnecropsyhisto perf 1 I 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
# Number ofanimals examined microscopically a t  this site 
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TABLE BI. SUMMARY OF THE INCIDENCE OF NEOPLASMS Irq FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLIENE OXIDE 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS MISSING 
ANIMALS NECROPSIED 49 
ANIMALS EXAMINED HISTOLOGICALLY 49 

50 
1 
48 
48 

50 

49 
49 

INTEGUMENTARY SYSTEM 
*Skin 

Sebaceous adenoma 
*Subcutaneous tissue 

Sarcoma, NOS 
Myxosarcoma 
Neurilemoma, malignant 

(49) (48) (49) 

(49) (48) (49) 
1 (2%) 

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

RESPIRATORY SYSTEM 
#Lung 

Adenocarcinoma, NOS, metastatic 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Adenosquamous carcinoma, metastatic 
Pheochromocytoma, metastatic 
Osteosarcoma, metastatic 

(49) (48) (49) 
1 (2%) 1 (2%) 
1 (2%) 
2 (4%) 4 (8%) 17 (35%) 

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

1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, histiocytic type 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

Adenocarcinoma, NOS, metastatic 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

Malignant lymphoma, NOS 

*Mediastinum 

#Spleen 

#Mesenteric lymph node 

#Renal lymph node 

#Duodenum 

#Kidney 

#Uterus 

(49) 

(49) 

7 (14%) 
1 (2%) 

(49) 
19 (39%) 

(49) 

(49) 

(35) 

(35) 

(49) 

(49) 

(49) 

1 (2%) 

1 (3%) 

1 (3%) 

1 (2%) 

CIRCULATORY SYSTEM 

Hemangioma 
*Skin (49) (49) 

1 (2%) 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Squamous cell papilloma 

Adenomatous polyp, NOS 

Endometrial stromal sarcoma, invasive 

#Forestomach 

#Duodenum 

*Rectum 

(49) (48) (49) 

(48) (46) (48) 

(48) (43) (49) 

(49) (48) (49) 

1 (2%) 8 (17%) 3 (6%) 
5 (10%) 1 (2%) 

2 (4%) 5 (11%) 6 (13%) 

1 (2%) 

1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Pituitary 

~ Carcinoma, NOS 
Adenoma, NOS 

#Adrenal medulla 
Pheochromocytoma 
Pheochromocytoma, malignant 

Follicular cell adenoma 

Islet cell adenoma 

#Thyroid 

#Pancreatic islets 

(48) 
1 (2%) 
4 (8%) 

2 (4%) 
(48) 

(45) 

(49) 
2 (4%) 

(45) (48) 
3 (7%) 2 (4%) 
4 (9%) 4 (8%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

(47) (49) 

(46) (47) 

(46) (48) 

REPRODUCTIVE SYSTEM 

Adenocarcinoma, NOS 
Adenosquamous carcinoma 

Adenoma, NOS 
Adenocarcinoma, NOS 
Endometrial stromal polyp 
Endometrial stromal sarcoma 

Papillary cystadenoma, NOS 
Granulosa cell tumor 

*Mammary gland 

#Uterus 

#Ovary 

(49) (48) 
1 (2%) 6 (13%) 

2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 1 (2%) 

(49) (47) 

(48) (47) 

1 (2%) 

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

(49) 

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

1 (2%) 
(49) 

NERVOUS SYSTEM 
#Brain 

Carcinoma, NOS, invasive 
(49) (47) (49) 

1 (2%) 

SPECIAL SENSE ORGANS 
#Harderian gland (46) (46) (47) 

Papillary cystadenoma, NOS 1 (2%) 6 (13%) 8 (17%) 
Papillary cystadenocarcinoma NOS 1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Skull 

Osteoma 
Osteosarcoma 

Osteosarcoma 
"'Sternum 

(49) 
1 (2%) 

(49) 
1 (2%) 

BODY CAVITIES 
*Pelvis (49) 

Adenocarcinoma, NOS, metastatic 
(48) (49) 

1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
*Multiple organs 

Lower leg 
Sarcoma, NOS 

Osteosarcoma 

(49) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Accidentally killed, nda 
Animal missing 
Animal missexed 

50 
8 

15 
25 

1 

1 

50 
7 

15 
24 

3 
1 

50 
6 

13 
30 

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 

benign or malignant 
Total uncertain tumors 

30 
39 
13 
15 
23 
23 
3 
3 

1 
1 

33 
56 
21 
33 
21 
23 
2 
2 

46 
90 
29 
43 
35 
47 

3 
5 

* 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 tumors invasive into an adjacent organ 
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ANIMAL 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 1 2 0 5 3 2 3 0 1 0 0 1 4 3 3 2 2 3 1 3 3 4 4 4 0  

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

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 0 0 0 0 2 5 7 7 7 8 8 8 8 8 9 9 9 9 9 9 9 9 0 0 0  

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

+ : Tissue examined microscopically -. Requimd tissue not examined microscopically 
XI Tumor incidence 
N: Necropsy. no autolysis, no microscopic examination 
S: Animal missexed 

Subcutaneous tissue 
Sarcoma, NOS 
Myxosarcoma 
Neunlemoma, malignant 

Lungs and bronchi 
Adenocarcinoma, NOS, metastatic 
Hepatocellular carcinoma, metastatic 
Alveolarbronchiolar adenoma 
Osteosarcoma, metastatic 

Trachea 

Bone marrow 
Spleen 
L mphnodes 

EM 

Txymus 

Heart 

Salivary gland 
M 

Liver 

Bile duct 
Gallbladder L common bile duct 
Pancreas 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Squamous cell papilloma 
Small intestine 
Large intestine 

Kidney 
M 

Malignant 1 mphoma, NOS 
Urinary bladler 

M 
Rtui tary 

Adrenal 

Thyroid 

Parathyroid 

Carcinoma, NOS 
Adenoma. NOS 
Pheochromocytoma 

Follicular cell adenoma 

Mammary gland 

Uterus 
Adenocarcinoma. NOS 

Endometrial stromal polyp 

Y Z u l o s a  cell tumor 

Brain 

A N S  
Hardenan gland 

Papillary cystadenoma. NOS 

AL SYSTEM 
Bone 

Osteosarcoma 

S 
Multiple organs. NOS 

Sarcoma, NOS 
Malignant lymphoma, NOS 
Mali nant 1 mphoma. histiocytic type 

Osteosarcoma 
LowerTeg. N& 

Ethylene Oxide, NTP TR 326 

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

X 
X 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  + + + - + + .- - + + + + t + - + + - -  + + + - + + + - + + + + - -  + - + + + + + - + - +  
_ _ _ _ _ _  

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

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

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

X 

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

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

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

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

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

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

X 

X 

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

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

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

N 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 

: No tissue information submitted 
C: Necropsy, no histology due to protocol 
A: Autolysis 
M: Animal missing 
B: No necropsy performed 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: CHAMBER CONTROL 
(Continued) 

Subcutaneous tissue 
Sarcoma, NOS 
Myxosarcoma 
Neunlemoma. malignant 

Lungs and bronchi 
Adenocarcinoma, NOS, metastatic 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Osteosarcoma, metastatic 

Trachea 

Bone marrow 
Spleen 
L mph nodes 
TKymus 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

2:kP" 
Squamous cell papilloma 

Small intestine 
Large intestine 

Kidney 
Malignant I mphoma. NOS 

Urinary bladjer 

Pituitary 
Carcinoma, NOS 
Adenoma, NOS 
Pheochromocytoma 

Follicular cell adenoma 

Adrenal 

Thyroid 

Parathyroid 

Mammary gland 

Uterus 

Ovary 

Adenocarcinoma, NOS 

Endometrial stromal polyp 

Granulosa cell tumor 

Brain 

ANS 
Harderian gland 

Papillary cystadenoma, NOS 

Bone 
Osteosarcoma 

ALL 
Multiple organs, NOS 

Sarcoma, NOS 

Mali nant 1 mphoma, histiocytic type 
Lowerqeg, N& 

Osteosarcoma 

Malignant lymphoma, NOS 

* Animals necropsied 

ANIMAL 
NUMBER 

TOTAL: 
WEEKS ON 
STUDY 

+ + + + + + + + s + + + + + + + + + + + + + + + + '49 
1 
1 
1 

+ + + + + + + + s + + + + + + + + + + + + + + + + 49 
1 

X 1 
X 2 

1 
+ + + + + + + + s + + + + + + + + + + + + + + + + 49 

+ + + + + + + + S + + + + + + + + + + + + + + + +  49 
+ + + + + + + + s + + + + + + + + + + + + + + + + 49 
- + - - + + - + s - - + - + - + + - + - - + - - -  23 + + +  - + +  + + s  + + + - + - +  + +  + +  + - +  + +  38 

+ + + + t + + + s + + + + + + + + + + + + + + + + 49 

+ + + + + + + + s + + + + + + + + + + + + + + + + 49 
+ + + + + + + + s + + + + + + + + + + + + + + + + 49 

X 1 
X X X X 5 + + + + + + + + s + + + + + + + + + + + + + + + + 49 + + + + + + + + S + + + + + + + + + + + N + + + + *49 

+ + + + + + + + s  + + + + + + + + + + + + + + + +  49 
+ + + + + + + + s  + + + + + + + + + + + + + + - +  48 + + + + + + + + S + + + + + + + + + + + + + + + + 48 
X 2 + + + + + + + + s + + + + + + + + + + + + + + + + 48 
+ + + + + + + + S  + + + + + + + + + + + + + + + +  49 

+ + + + + + + + s  + + + + + + + + + + + + + + + +  49 
1 

+ + + + + + + + S + + + + + + + + t + + + + + t +  47 

+ + + + + + + + S + + + + + + + + + + + + + + + + 48 
X 1 

X X 4 + + + + + + + + S + + + + + + + + t + + - + + + + 48 
X X 2 + + - + + + - - s + + + + + + + + + + + + + + + + 45 

x x  2 
- - - - + - - - S - + + + + + - + - + - - - + - -  16 

+ + N + + t + + S N + + + + + + + + + N + + N N N  *49 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
X 1 + + + + + + + + S t + + + + + + + + + + + + + + + 48 

1 

+ + + + + + f + s + + + + + + + + + + + + + + + + 49 

+ + t + + + - - S + + + + + + + + + + + + + + + + 46 
X 1 

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  *49 
2 

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  '49 
1 

X X X 7 
1 

X 1 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLENE OXIDE: LOW DOSE 

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

ANIMAL 
NUMBER 

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

Suhtaneous tissue 
Sarcoma, NOS 

REFEATORY SYS TEM 
Lungs and bronchi 

Alveolaribronchiolar adenoma 
ALveolaribronchiolar rarcinoma 
Adenosquamous carcinoma, metastatic 
Pheochromocytoma, metastatic 

Trachea 

Bone marrow 
Spleen 
L mphnodes 
TKymus 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder L common bile duct 
Pancreas 

Hepatocellular adenoma 
Hepatocellular carcinoma 

2:kY 
Squamous cell papilloma 

Adenomatous polyp, NOS 
Malignant lymphoma, NOS 

Small intestine 

Large intestine 

Kidney 

Urinary bladier 
Malignant 1 mphoma. NOS 

- 
Pituitary 

Adrenal 

Thyroid 

Parathyroid 
Pancreatic islets 

Carnnoma, NOS 
Adenoma, NOS 
Pheochromocytoma 
Pheochromocytoma. malignant 

Follicular cell adenoma 

Islet cell adenoma 

Mammary gland 

Uterus 

Adenocarcinoma. NOS 
Menosquamous carcinoma 

Adenoma, NOS 
Menocarcmoma. NOS 
Endometrial stromal polyp 

Ovary 

Brain 

Hardenan gland 
GANS 

Papillary cystadenoma, NOS 
Papillary cystadenocarcinoma, NOS 

Mediastinum 
Malignant lymphoma, NOS 

S 
Multiple organs, NOS 

Malignant lymphoma, NOS 

Ethylene Oxide, NTP TR 326 

M B N N + + + + + + + + + + + + + + + + + N + + +  

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

X 
X 

M B + + + + - + + + + + + + + + + - + + + + + + +  

M B + + + + + + + + + + + + + + + + + + + + t + +  
M E + + + + - + + + + + + + + + + - + + + + + + t  
M E  + + - - - - + - -  + + - + - + - + - + + + + -  
M B  + + - + - + + - + - + - + - + + + + - + + + +  

M B + + + + + + + + + + + + + + + + + + + + + + +  

M B + + + + - + + + + + + - + + + + + + + + + + +  
M B + + + + + + + + + + + + + + + + + + + + + + +  

X 
M B + + + + + + + + + + + + + + + + + + + + + + +  
M B N N + + N + + + N , +  N N + + + N + N + + + + + 
M B + + + + - + + + + + + + + + + - + + + + + + +  
M B + + + + + + + + - - + + + + + - + + + + + + +  
M E + + + + - + + + + + + + + + + - + + + + + + +  

x x  
M B - - -  + - + + + + + + + + + + - + + + + + + +  

X X x x  X 

M B - + + + - + + + + + + t + + + - + + + + + + +  

M B + + + + + + + + + + + + + + + + + + + + + + +  

M E + + - + - + + + + - + + + + + - + + + + + + +  

M B + - -  + - + + + + + + t + + + + + + + + + + +  

M E + + + + + - + + + + + + + + + + + + + + + + +  
X 

M B - + + + + + + + + + + + + + + - + + + + + + +  

M B + - - - - -  + - + - + - - + + - - - + + + + -  
M B + + + + - + + + + + + + + + + - + + + + + + +  

X 
X X 

X 

X 

X 

M B N N N + N N + + + + N + + + + + + + + + t + +  x x  x x  
X 

M B + + + + - + + + + + + + + + + + + + + + + + +  

X 
M B + + + + + + + + + + - + + + + + + + + + + + +  

X 

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

M E - + + + + + + + + + + + + + + + + + + + + + +  

M B N N N N N N N N N N N N N N N N N N N N N N N  
X 

M B 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 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

0 
9 

ANIMAL 
NUMBER 

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

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  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 TUMORS 

9 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

Subcutaneous tissue 
Sarcoma, NOS 

Lungs and bronchi 
RESPIRATORY SYSTEM 

Alveolarhronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Adenosquamous carcinoma metastatic 
Pheochromocytoma, metaslatic 

Trachea 

Bone marrow 
Spleen 
L mphnodes 
Tzymus 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder L common bile duct 
Pancreas 

Hepatocellular adenoma 
Hepatocellular carcinoma 

:t%2!l= 
Squamous cell papilloma 

Adenomatous polyp NOS 
Malignant lymphoma. NOS 

Small intestine 

Large intestine 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - + + - - + - + + + - - + - - - + + + - + + - + +  
+ + + + + + + + + + + + - + + + + e + + + - + + +  

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

Kidney 

Unnary bladler 

Pituitary 

Malignant I mphoma. NOS 

Carcinoma, NOS 
Adenoma. NOS 
Pheoehromocytoma 
Pheochromocytoma, malignant 

Follicular cell adenoma 

Islet cell adenoma 

Adrenal 

Thyroid 

Parathyroid 
Pancreatic islets 

Mammary gland 

Uterus 

Adenocarcinoma, NOS 
Adenosquamous carcinoma 

Adenoma. NOS 
Adenocarcinoma. NOS 
Endometnal stromal polyp 

Ovary 

Brain 

Hardenan gland 
Papillary cystadenoma NOS 
Papillary cystadenocarknoma, NOS 

Mediastinum 
Malignant lymphoma, NOS 

48 
46 
26 
39 

48 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  *48 
X I 1  

45 
3 
4 
47 
1 
1 
46 
1 
20 
46 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  x 1 'i 

X 

Multiple organs, NOS 
Malignant lymphoma, NOS 

. . . . . . . . . . . . . . . . . . . . . . . . .  46 I :  

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

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

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

X x x  
X 

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

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

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

46 
48 
8 
1 

48 
*48 
46 
43 
46 
5 
43 
1 
1 
45 

48 1 4: 

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

'48 
6 
2 
47 
1 
1 
1 

47 

47 

46 
6 
1 

1 *48 
1 

I 
* Animals necropsied 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
INHALATION STUDY OF ETHYLENE OXIDE: HIGH DOSE 

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

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

ANIMAL 
NUMBER 

Skin 

Lungs and bronchi 
Adenocarcinoma, NOS, metastatic 
Alveolarhronchiolar adenoma 
Alveolarhronchiolar carcinoma 

Trachea 

Bone marrow 
Spleen 

Lymph nodes 

Thymus 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder (h common bile duct 
Pancreas 

Malignant lymphoma, NOS 

Adenocarcinoma, NOS, metastatic 
Malignant lymphoma, NOS 

Hepatocellular adenoma 

E;krs 
Squamous cell papilloma 

Small intestine 
Large intestine 
Rectum 

Endometnal stromal sarcoma, invasive 

Kidney 
Urinary bladder 

Pituitary 

Adrenal 
Thyroid 
Parathy mid 

Mammary gland 

Uterus 

Carnnoma NOS 
Adenoma. frOS 

Adenocarnnoma. NOS 
Adenosquamous carcinoma 

Adenocamnoma. NOS 
Endometnal stromal polyp 
Endometnal stromal sarcoma 
Malignant lymphoma, NOS 

Papillary cystadenoma. NOS 
Ovary 

Brain 
Carcinoma. NOS, invasive 

ANS 
Hardenan gland 

Papillary cystadenoma, NOS 

Bone 
Osteoma 
Osteosarcoma 

Pentoneum 
Adenocarcinoma, NOS, metastatic 

Multiple organs, NOS 
Malignant lymphoma, NOS 

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

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

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

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

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

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

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

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

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

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

X 

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

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

X 

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

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

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

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

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

X X 
X 

N N + + + + + + + N + + + N + + + + + + + + + + +  
x x x  

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

X X X 
X 

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

X 

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

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

V 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 

i N N N N N N N N N N N N N N N N N N N N N N N N  
c x 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 MICE: HIGH DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Skin

Sebaceous adenoma
Hemangioma

Subcutaneous tissue
Sarcoma, NOS

RESPIRATORY SYSTEM
Lungs and bronchi

Adenocarcmoma, NOS, metastatic
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, NOS
Lymph nodes

Adenocarcmoma, NOS, metastatic
Malignant lymphoma, NOS

Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine
Large intestine
Rectum

Endometnal stromal sarcoma, invasive

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Carcinoma, NOS
Adenoma, NOS

Adrenal
Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenocarcmoma, NOS
Adenosquamous carcinoma

Uterus
Adenocarcmoma, NOS
Endometnal stromal polyp
Endometnal stromal sarcoma
Malignant lymphoma. NOS

Ovary
Papillary cystadenoma, NOS

NERVOUS SYSTEM
Bram

Carcinoma, NOS, invasive

SPECIAL SENSE ORGANS
Hardenan gland

Papillary cystadenoma, NOS

MUSCULOSKELETAL SYSTEM
Bone

Osteoma
Osteosarcoma

BODY OAVITltlis
Peritoneum

Adenocarcmoma, NOS, metastatic

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS

0 0 01 01 01 0 0 0 0 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

l l l l l l l l l l l l l l l l l l l l l l l l l l l l
0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0

X
X

+ + S + + + + + + + + + + + + + + + + + + + + + +
X
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TISSUES
TUMORS

•49
1
1

•49
3

49
1

17
7

49

49
49
1

35
1
1

46

48

49
49
3

49
•49
48
47
48

6
49
49

•49
1

49
48

48
2
4

49
47
16

•49
4
2

49
5
1
1
1

49
1

49
1

47
8

•49
1
1

•49
1

•49
19
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TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR INHALATION 
STUDY O F  ETHYLENE OXIDE 

Chamber Control 50 Ppm 100 ppm 

Subcutaneous Tissue: Sarcoma or Myxosarcoma 
Overall Rates (a) 2/49 (4%) 
Adjusted Rates (b) 5.4% 
Terminal Rates (c) 0125 (0%) 
Week of First Observation 81 
Life Table Tests (d) P=0.485 
Incidental Tumor Tests (d) P = 0.455 
Cochran-Armitage Trend Test (d) P=0.400 
Fisher Exact Test (d) 

Lung: AlveolartBronc hiolar Adenoma 
Overall Rates (a) 2/49 (4%) 
Adjusted Rates (b) 7.7% 
Terminal Rates (c) 1/25 (4%) 
Week of First Observation 103 
Life Table Tests (d) P < 0.00 1 
Incidental Tumor Tests (d) P < 0.00 1 
Cochran-Armitage Trend Test (d) P < 0.00 1 
Fisher Exact Test (d) 

Lung: Alveolar/Bronc hiolar Carcinoma 
Overall Rates (a) 0149 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0125 (0%) 
Week of First Observation 
Life Table Tests (d) P=0.005 
Incidental Tumor Testa (d) P=0.005 

Fisher Exact Test (d) 

Overall Rates (a) 2/49 (4%) 
Adjusted Rates (b) 7.7% 
Terminal Rates (c) 1/25 (4%) 
Week of First Observation 103 
Life Table Testa (d) P <  0.001 
Incidental Tumor Testa (d) P < 0.001 
Cochran-Armitage Trend Test (d) P <  0.001 
Fisher Exact Test (d) 

Cochran-Armitage Trend Test (d) P=0.002 

Lung: AlveolartBronchiolar Adenoma or Carcinoma 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 9/49(18%) 
Adjusted Rates (b) 26.4% 
Terminal Rates (c) 3/25 (12%) 
Week of First Observation 82 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.023 
P = 0.002 
P = 0.002 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/49 (2%) 
4.0% 
1/25 (4%) 
104 
P=0.411 
P = 0.274 
P=O.291 

1/48 (2%) 
4.2% 
1/24 (4%) 
104 
P = 0.535N 
P=0.525N 

P=0.508N 

4/48 (8%) 
16.7% 
4/24(17%) 
104 
P = 0.3 14 
P = 0.277 

P=0.329 

1/48 (2%) 
4.2% 
1/24 (4%) 
104 
P = 0.492 
P=0.492 

P = 0.495 

5/48 (10%) 
20.8% 
5/24 (21%) 
104 
P=0.196 
P= 0.168 

P=0.209 

6/48 (13%) 
19.0% 
2/24 (8%) 
56 
P = 0.343N 
P=0.334N 

P = 0.303N 

8/48 (17%) 
24.2% 
3/24 (13%) 
47 
P = 0.019 
P=0.021 

P=0.014 

3/49 (6%) 
9.2% 
2/31 (6%) 
101 
P=0.588 
P=0.553 

P = 0.500 

17/49 (35%) 
46.2% 
12/31 (39%) 
87 
P=O.OOl 
P <  0.001 

P <  0.001 

7/49 (14%) 
21.5% 
6/31 (19%) 
95 
P=O.O19 
P=0.017 

P = 0.006 

22/49 (45%) 
58.6% 
16/31 (52%) 
87 
P<O.OOl 
P<O.OOl 

P < 0.001 

22/49 (45%) 
48.3% 
8/31 (26%) 
64 
P = 0.049 
P = 0.005 

P = 0.004 

3/49 (6%) 
9.7% 
3/31 (10%) 
104 
P = 0.384 
P=0.384 

P=0.309 
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TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MIC:E IN THE TWO-YEAR INHALATION 
STUDY O F  ETHYLENE OXIDE (Continued) 

Chamber Control 50 ppm 100 ppm 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 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) 

Forestomach: Squamous Cell 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) 

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

5/49 (10%) 
18.8% 
4/25(16%) 
96 
P=0.007N 
P = 0.008N 
P = 0.01 1N 

6/49 (12%) 
22.7% 
5/25 (20%) 
96 
P=0.132N 
P = 0.199N 
P=0.221N 

2/48 (4%) 
6.8% 
1/25 (4%) 
94 
P = 0.188 
P = 0.149 
P = 0.108 

4/48 (8%) 
14.6% 
3/25 (12%) 
94 
P=0.443N 
P = 0.481N 
P = 0.573 

1/48 (2%) 
4.0% 
1/25 (4%) 
104 
P = 0.488 
P= 0.460 
P = 0.400 

5/48 (10%) 
18.5% 
4/25 (16%) 
94 
P=0.519N 
P=0.552 
P=0.439 

91 

1/48 (2%) 
2.6% 
0124 (0%) 
79 
P=O.l15N 
P=O.l16N 

P=0.107N 

9/48 (19%) 
26.2% 
3/24 (13%) 
47 
P = 0.271 
P=0.285 

P=0.273 

5/46 (11%) 
18.8% 
3/24(13%) 
98 
P = 0.206 
P=0.117 

P = 0.200 

4/45 (9%) 
14.2% 
2/24 (8%) 
85 
P = 0.614 
P = 0.578 

P = 0.606 

3/45 (7%) 
10.9% 
2/24 (8%) 
81 
P = 0.286 
P =  0.330 

P=0.284 

7/45 (16%) 
24.2% 
4/24 (17%) 
81 
P = 0.344 
P=0.339 

P=0.334 

0149 (0%) 
0.0% 
0131 (0%) 

P = 0.019N 
P = 0.021N 

P =  0.028N 

3/49 (6%) 
9.7% 
3/31 (10%) 
104 
P = 0.146N 
P=0.155N 

P=0.243N 

6/48 (13%) 
18.1% 
4/30 (13%) 
95 
P = 0.207 
P=0.172 

P=0.134 

4/48 (8%) 
12.9% 
4/31 (13%) 
104 
P=0.527N 
P=0.546N 

P=0.643 

2/48 (4%) 
6.1% 
1/31 (3%) 
101 
P = 0.576 
P=0.536 

P = 0.500 

6/48 (13%) 
18.6% 
5/31 (16%) 
101 
P=0.608N 
P = 0.608 

P=0.500 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MIC:E IN THE TWO-YEAR INHALATION 
STUDY OF ETHYLENE OXIDE (Continued) 

Chamber Control 50 Ppm 100 ppm 

Mammary Gland: Adenocarcinoma 
Overall Rates (a) 1/49 (2%) 
Adjusted Rates (b) 2.9% 
Terminal Rates (c) 0125 (0%) 
Week of First Observation 94 
Life Table Tests (d) P=0.265 
Incidental Tumor Tests (d) P = 0.179 
Cochran-Armitage Trend Test (d) P=0.169 
Fisher Exact Test (d) 

Mammary Gland: Adenocarcinoma or Adenosquamous Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Uterus: Adenocarcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Uterus: Adenoma or Adenocarcinoma 
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) 

Harderian Gland: Papillary Cystadenoma 
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) 

1/49 (2%) 
2.9% 
0/25 (0%) 
94 
P = 0.139 
P=0.082 
P = 0.067 

0149 (0%) 
0.0% 
0/25 (0%) 

P=0.024 
P=O.O19 
P= 0.01 1 

0149 (0%) 
0.0% 
0125 (0%) 

P=0.036 
P=0.028 
P=0.017 

6/48 (13%) 
18.9% 
2/24 (8%) 
76 
P=0.061 
P=0.033 

P = 0.053 

8/48 (17%) 
24.8% 
3/24 (13%) 
76 
P=0.020 
P=0.012 

P=0.014 

1/47 (2%) 
3.6% 
0124 (0%) 
98 
P = 0.507 
P = 0.383 

P = 0.490 

2/47 (4%) 
7.6% 
1/24 (4%) 
98 
P=0.239 
P=0.173 

P=0.237 

1/46 (2%) (e) 6/46 (13%) 
4.3% 26.1% 
1/23 (4%) 6/23 (26%) 
104 104 
P=0.037 P = 0.052 
P = 0.034 P = 0.052 
P=0.016 

P = 0.055 

4/49 (8%) 
11.8% 
3/31 (10%) 
92 
P=0.247 
P=0.234 

P=0.181 

6/49 (12%) 
17.1% 
4/31 (13%) 
92 
P = 0.100 
P = 0.087 

P=0.056 

5/49 (10%) 
14.3% 
3/31 (10%) 
91 
P = 0.058 
P=0.051 

P = 0.028 

5/49 (10%) 
14.3% 
3/31 (10%) 
91 
P = 0.058 
P=0.051 

P = 0.028 

8/47 (17%) 
24.8% 
6/29 (21%) 
94 
P = 0.039 
P=0.033 

P=0.016 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence 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 
Pvalues 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 )  A papillary cystadenocarcinoma was observed in an animal with a papillary cystadenoma. 
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TABLE B4a. HISTORICAL INCIDENCE O F  ALVEOLAR/BRONCHIOLAR TUMORS IN FEMALE B6C3F1 
MICE RECEIVING NO TREATMENT (a) 

Study 

Incidence in Controls 
Adenoma Carcinoma Adenoma or 

Carcinoma 
~ ~ ~ ~ ~~ ~ ~ ~ ~~~~~~ ~~ ~ 

Historical Incidence for Chamber  Controls a t  Battelie Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

4/50 
1/49 
6/50 
2/50 
4/48 

0150 
1/49 
0150 
1/50 
2/48 

4/50 
2/49 
6/50 
3/50 
6/48 

171247 (6.9%) 41247 (1.6%) 211247 (8.5%) 
3.91% 1.74% 3.68% 

6/50 
1/49 

2/48 
0/50 

6/48 
2/49 

Overall Historical Incidence for Untreated Controls in NTP Studies 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

9712,076 (4.7%) 5i9/2,076 (1.9%) 135/2,076 (6.5%) 
3.76% 1.95% 4.44% 

7/50 
0150 

3/50 
0150 

8/50 
0/50 

(a) Data as of 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. 
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TABLE B4b. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN FEMALE B6C3F1 
MICE RECEIVING NO TREATMENT (a) 

Study 

Incidence in Controls 
Lymphoma Lymphoma or 

Leukemia 

~ ~~ 

Historical Incidence for Chamber Controls a t  Battelte Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

12/50 
8/50 
16/50 
7/50 
8/49 

51/249 (20.5%) 
7.49% 

16/50 
7/50 

12/50 
8/50 
16/50 
7/50 
8/49 

51/249 (20.5%) 
7.49% 

16/50 
7/50 

Overall Historical Incidence for Untreated Controls in  NTP Studies 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

59512,090 (28.5%) 622/2,090 (29.8%) 
11.98% 11.72% 

(d) 37/50 
5/50 

(d) 38/50 
6/50 

(a) Data as ofAugust 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) Second highest, 31/50; third highest, 23/50 
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TABLE B ~ c .  HISTORICAL INCIDENCE OF HARDERIAN GLAND1 TUMORS IN FEMALE B6C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Study 

Incidence in Controls 
Adenoma Adenocarcinoma Adenoma or 

Adenocarcinoma 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

0150 
0150 
0150 
0150 
1/49 

0/50 
0150 
0150 
1150 
0149 

0150 
0150 
0150 
1/50 
1/49 

11249 (0.4%) 11249 (0.4%) 21249 (0.8%) 
0.91% 0.89% 1.11% 

1149 
0150 

1150 
0150 

1 I49 
0150 

Overall Historical Incidence for Untreated Controls in NTP Studies 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

(d) 3512,090 (1.7%) (e) 412,090 (0.2%) (d,e) 3912,090 (1.9%) 
1.99% 0.74% 2.15% 

4150 
0150 

2150 
0150 

4/50 
0150 

(a) Data as of 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 three diagnoses of papillary adenoma and one of cystadenoma, NOS 
(e) Includes one carcinoma, NOS; two papillary adenocarcinomas; and one papillary cystadenocarcinoma 
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TABLE B4d. HISTORICAL INCIDENCE O F  UTERINE GLANDULAR TUMORS IN FEMALE B6C3F1 MICE 
RECEIVING NO TREATMIINT (a) 

Study No. Examined No. of Tumors Diagnosis 

Historical Incidence for Chamber  Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 
Propylene 
Dichloromethane 
Tetrachloroethylene 

48 
48 
47 
50 
43 

0 
3 Adenocarcinoma, NOS 
0 
1 Adenocarcinoma, NOS 
0 

TOTAL 236 4 (1.7%) 

Overall Historical Incidence for Untreated Controls in NTP Studies 

1 Adenoma, NOS 
1 Papillary cystadenoma 
1 Carcinoma, NOS 
1 Squamous cell carcinoma 
4 Adenocarcinoma, NOS 

TOTAL 2,055 (b) 8 (0.4%) 

(a) Data as of August 30,1985, for studies of a t  least 104 weeks 
(b) No more than one tumor was observed in any untreated control group. 
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TABLE B4e. HISTORICAL INCIDENCE OF MAMMARY GLANJI TUMORS IN FEMALE B6C3F1 MICE 
RECEIVING NO TREATMENT (a) 

Study No. Examined No. of Tumors Diagnosis 

Historical Incidence for Chamber Controls at Battelle Pacific Northwest Laboratories 

Propylene oxide 
Methyl methacrylate 

Propylene 
Dichloromethane 
Tetrachloroethylene 

50 
50 

50 
50 
49 

0 
1 Acinar cell carcinoma 
1 Adenosquamous carcinoma 
2 Adenocarcinoma, NOS 
2 Adenocarcinoma, NOS 
0 

TOTAL 249 6 (2.4%) 

Overall Historical Incidence for Untreated Controls in NTP Studies 

5 
1 
1 

27 
1 
3 

(b) 3 
1 

9 

TOTAL 2,090 (c) 51 (2.4%) 

Adenoma, NOS 
Acinar cell adenoma 
Intraductal carcinoma 
Adenocarcinoma, NOS 
Papillary adenocarcinoma 
Acinar cell carcinoma 
Adenosquamow carcinoma 
Adenocarcinomdsquamous 

Mixed tumor, malignant 
metaplasia 

(a) Data as ofAugust 30,1985, for studies ofa t  least 104 weeks 
(b) No more than one adenosquamous carcinoma was observed in any untreated control group. 
(c) No more than three benign, six malignant, or six benign or malignant (combined) tumors (excluding mixed tumor, 
malignant) were observed in any untreated control group. 
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TABLE BS. SUMMARY O F  THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS MISSING 
ANIMALS NECROPSIED 49 
ANIMALS EXAMINED HISTOLOGICALLY 49 

50 
1 

48 
48 

50 

49 
49 

INTEGUMENTARY SYSTEM 
*Skin 

Edema, NOS 
Scar 
Atrophy, NOS 

(49) (48) (49) 
1 (2%) 1 (2%) 

1 (2%) 
1 (2%) 

RESPIRATORY SYSTEM 
*Nasal cavity 

Deformity, NOS 
Inflammation, suppurative 
Inflammation, chronic diffuse 
Erosion 
Hyperplasia, epithelial 
Angiectasis 
Metaplasia, squamous 

*Nasal gland 
Cyst, NOS 
Hyperplasia, NOS 

*Larynx 
Hyperplasia, epithelial 

*Laryngeal submucosa 
Cyst, NOS 

#Tracheal submucosa 
Cyst, NOS 

#Lung/bronchus 
Inflammation, chronic 

#Bronchial submucosa 
Cyst, NOS 

XLunghronchiole 
Hyperplasia, epithelial 

#Lung 
Emphysema, NOS 
Congestion, acute passive 
Hyperplasia, alveolar epithelium 

Histiocytosis 
XLunglalveoli 

(49) 

3 (6%) 

1 (2%) 
(49) 

(49) 

(49) 

(49) 

(49) 

(49) 

(49) 

(49) 

19 (39%) 

8 (16%) 

1 (2%) 
5 (10%) 
2 (4%) 

(49) 

(48) 
1 (2%) 

1 (2%) 

(49) 

5 (10%) 
2 (4%) 
1 (2%) 
4 (8%) 

3 (6%) 

2 (4%) 
1 (2%) 

(49) 

(49) 

(49) 

(49) 

(49) 

(49) 

(49) 

(49) 

28 (57%) 

1 (2%) 

7 (14%) 

1 (2%) 

3 (6%) 

3 (6%) 
(49) 

HEMATOPOIETIC SYSTEM 
*Mediastinum 

#Bone marrow 
Hematopoiesis 

Hyperplasia, focal 
Myelofibrosis 

Hematoma, NOS 
Atrophy, NOS 
Erythrophagocytosis 
Hyperplasia, lymphoid 
Hematopoiesis 

Necrosis, diffuse 

#Spleen 

#Splenic follicles 

1 

5 
7 

(49) 

(2%) 1 
3 

(10%) 2 
(14%) 13 

(46) 
1 

(2%) 

(65%) 

(2%) 
(7%) 
(4%) 
(28%) 

(2%) 

(49) 

(49 ) 
1 (2%) 

33 (67%) 

1 (2%) 
1 (2%) 

2 (4%) 
10 (20%) 

(49) 

(49) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLElNE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Mandibular lymph node (23) (26) (35) 

Edema, NOS 1 (4%) 
Hyperplasia, NOS 1 (3%) 
Histiocytosis 1 (4%) 
Erythrophagocytosis 3 (9%) 

Necrosis, diffuse 1 (4%) 

Hyperplasia, NOS 1 (4%) 

Hyperplasia, NOS 1 (4%) 1 (3%) 

Histiocytosis 1 (3%) 

Myelofibrosis 1 (2%) 2 (4%) 

Myelofibrosis 1 (2%) 

Hyperplasia, lymphoid 10 (20%) 10 (21%) 5 (10%) 

Erythrophagocytosis 1 (2%) 

Hyperplasia, lymphoid 1 (2%) 

Mastocytosis 1 (2%) 

Hematopoiesis 2 (4%) 

Hyperplasia, lymphoid 1 (2%) 

Cyst, NOS 2 (4%) 
Necrosis, NOS 1 (3%) 

#Bronchial lymph node (23) (26) (35) 

#Mediastinal lymph node (23) (26) (35) 

#Mesenteric lymph node (23) (26) (35) 

#Axillary lymph node (23) (26) (35) 

*Skull (49) (48) (49) 

*Sternum (49) (48) (49) 

#Lung (49) (48) (49) 

#Liver (49) (48) (49) 

Hematopoiesis 2 (4%) 2 (4%) 4 (8%) 
#Pancreas (49) (46) (48) 

#Gastric submucosa (48) (46) (48) 

#Kidney (49) (48) (49) 

#Urinary bladder/submucosa (47) (44) (48) 

#Thymus (38) (39) (46) 

CIRCULATORY SYSTEM 
*Mammary gland (49) (48) (49) 

#Lung (49) (48) (49) 

#Myocardium (49) (48) (48) 

#Endocardium (49) (48) (48) 

#Cardiac valve (49) (48) (48) 

Thrombosis, NOS 1 (2%) 

Perivasculitis 1 (2%) 

Inflammation, suppurative 1 (2%) 

Inflammation, NOS 1 (2%) 

Hemorrhage 1 (2%) 
Degeneration, mucoid 16 (33%) 10 (21%) 22 (46%) 
Hemosiderosis 3 (6%) 6 (13%) 2 (4%) 

Perivasculitis 1 (2%) 

Inflammation, chronic 1 (2%) 

*Aorta (49) (48) (49) 

*Coronary artery (49) (48) (49) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM 
#Salivary gland (49) (46) (49) 

#Liver (49) (48) (49) 

Lymphocytic inflammatory infiltrate 1 (2%) 2 (4%) 
Fibrosis, focal 1 (2%) 

Mineralization 1 (2%) 
Multiple cysts 1 (2%) 
Necrosis, focal 1 (2%) 2 (4%) 
Necrosis, diffuse 5 (10%) 3 (6%) 
Focal cellular change 1 (2%) 1 (2%) 1 (2%) 
Angiectasis 1 (2%) 

Hyperplasia, NOS 1 (2%) 

Inflammation, suppurative 1 (2%) 

Inflammation, chronic 1 (2%) 

Mineralization 1 (2%) 2 (4%) 
Cyst, NOS 1 (2%) 1 (2%) 4 (8%) 
Atrophy, NOS 1 (2%) 
Hyperplasia, diffuse 1 (2%) 
Metaplasia, squamous 2 (4%) 

Inflammation, chronic 3 (6%) 

Cyst, NOS 1 12%) 
Ulcer, NOS 1 (2%) 
Necrosis, focal 1 (2%) 
Hyperplasia, epithelial 4 (8%) 9 (20%) 10 (21%) 
Hyperkeratosis 3 (6%) 6 (13%) 5 (10%) 

Parasitism 1 (2%) 

Granulation tissue 1 (2%) 

#Liver/Kupffer cell (49) (48) (49) 

'Gallbladder (49) (48) (49) 

#Pancreas (49) (46) (48 ) 

#Gastric mucosa (48) (46) (48) 

#Gastric submucosa (48) (46) 148) 

#Forestomach 148) (46) (48) 

#Colon (49) (45) (49) 

*Rectum (49) (48) (49) 

URINARY SYSTEM 
#Kidney (49) (48) (49) 

Cyst, NOS 2 (4%) 
Hemorrhage 1 (2%) 2 (4%) 
Lymphocytic inflammatory infiltrate 6 (12%) 5 (10%) 1 (2%) 
Glomerulosclerosis, NOS 1 (2%) 

Fibrosis, focal 1 (2%) 
Metaplasia, osseous 1 (2%) 

Inflammation, suppurative 1 (2%) 

Amyloidosis 1 (2%) 1 (2%) 
Atrophy, NOS 2 (4%) 

Dilatation, NOS 3 (6%) 4 (8%) 1 (2%) 
Cast, NOS 1 (2%) 2 (4%) 1 (2%) 
Nephrosis, NOS 1 (2%) 
Cytoplasmic aggregate, NOS 1 (2%) 2 (4%) 
Atrophy, NOS 1 (2%)  

# Kidneylcortex (49) (48) (49) 

#Renal papilla (49) (48) (49) 

# Kidney/glomerulus (49) (48) (49) 

# Kidneykubule (49) (48) (49) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

URINARY SYSTEM (Continued) 
# Kidney/pelvis (49) (48) (49) 

#Urinary bladder/submucosa (47) (44) (48) 
Mineralization 1 (2%) 

Lymphocytic inflammatory infiltrate 1 (2%) 2 (4%) 
Inflammation, chronic 2 (4%) 2 (5%) 1 (2%) 

ENDOCRINE SYSTEM 
#Pituitary (48) (45) (48) 

Cyst, NOS 1 (2%) 1 (2%) 
Hemorrhagic cyst 1 (2%) 
Inclusion, nuclear 1 (2%) 1 (2%) 
Cytoplasmic vacuolization 3 (7%) 
Cytoplasmic aggregate, NOS 1 (2%) 
Hyperplasia, focal 2 (4%) 8 (18%) 10 (21%) 
Hyperplasia, diffuse 4 (8%) 3 (7%) 4 (8%) 

Accessory structure 1 (2%) 
#Adrenal (48) (47) (49) 

# AdrenaUcapsule (48) (47) (49) 

#Adrenal cortex (48) (47) (49) 
Hyperplasia, diffuse 43 (90%) 41 (87%) 43 (88%) 

Cyst, NOS 1 (2%) 
Fibrosis 26 (54%) 34 (72%) 25 (51%) 
Degeneration, lipoid 27 (56%) 34 (72%) 30 (61%) 
Hyperplasia, focal 1 (2%) 1 (2%) 

Cyst, NOS 1 (2%) 
Hemorrhage 1 (2%) 
Hyperplasia, focal 1 (2%) 

Cystic follicles 1 (2%) 
Involution, NOS 1 (2%) 1 (2%) 
Hyperplasia, cystic 1 (2%) 

Degeneration, NOS 2 (4%) 3 (7%) 

#Adrenal medulla (48) (47) (49) 

#Thyroid (45) (46) (47) 

#Thyroid colloid (45) (46) (47) 

REPRODUCTIVE SYSTEM 

Dilatatiodducts 

Inflammation, suppurative 

Mucocele 
Hydrometra 
Cyst, NOS 
Hemorrhage 
Hematoma, NOS 
Inflammation, suppurative 
Amyloidosis 
Atrophy, NOS 

#Uterus/endometrium 
Fibrosis 
Hyperplasia, NOS 
Hyperplasia, cystic 

#Uterus/myometrium 
Fibrosis 

+Mammary gland 

+Vagina 

#Uterus 

(49) 

(49) 

(49) 

3 (6%) 

1 (2%) 

4 (8%) 

1 (2%) 
1 (2%) 

(49) 

37 (76%) 
(49) 

101 

(48) (49) 

(48) (49) 

(47) (49) 

2 (4%) 3 (6%) 

1 (2%) 

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

1 (2%) 

(47) 

1 (2%) 
33 (70%) 

1 (2%) 
(47) 

(49) 
1 (2%) 

36 (73%) 
(49) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE (Continued)

CHAMBER CONTROL

REPRODUCTIVE SYSTEM (Continued)
#Ovary

Cyst, NOS
Parovarian cyst
Abscess, NOS

#Mesovarium
Inflammation, chronic
Inflammation, chronic focal

NERVOUS SYSTEM
#Cerebral ventricle

Fibrosis, focal
#Cerebrum

Mineralization
Atrophy, focal

#Brain
Hemorrhage
Hematoma, NOS

#Brain/thalamus
Mineralization
Atrophy, NOS

SPECIAL SENSE ORGANS
*Eye

Microphthalmia
Mineralization

*Eye/cornea
Ulcer, NOS
Pannus

'Eye/crystalline lens
Cataract

*Nasolacrimal duct
Cyst, NOS
Inflammation, suppurative
Inflammation, chronic
Erosion
Hyperplasia, epithelial

#Harderian gland
Cyst, NOS
Inflammation, suppurative
Atrophy, NOS
Hyperplasia, focal
Metaplasia, squamous

MUSCULOSKELETAL SYSTEM
•Skull

Fibrous osteodystrophy

BODY CAVITIES
•Mediastinum

Inflammation, suppurative
•Peritoneum

Inflammation, suppurative

(48)
6 (13%)

(48)
5 (10%)

(49)

(49)

(49)

1 (2%)
(49)

11 (22%)

(49)
2 (4%)

(49)

(49)

(49)

1 (2%)
1 (2%)

(46)

3 (7%)

(49)
1 (2%)

(49)

(49)

LOW DOSE

(47)
14 (30%)
1 (2%)
3 (6%)

(47)

1 (2%)

(47)
1 (2%)

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

(47)
1 (2%)

(47)
14 (30%)

1 (2%)

(48)
1 (2%)

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

(48)

(48)

1 (2%)
1 (2%)

1 (2%)
(46)

1 (2%)
1 (2%)
1 (2%)
3 (7%)

(48)
1 (2%)

(48)
1 (2%)

(48)
1 (2%)

HIGH DOSE

(49)
13 (27%)

(49)

1 (2%)

(49)

(49)
1 (2%)

(49)

(49)
13 (27%)

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

(49)

(49)
1 (2%)

(49)
1 (2%)
4 (8%)
1 (2%)
1 (2%)
1 (2%)

(47)

1 (2%)
4 (9%)
1 (2%)

(49)

(49)

(49)
1 (2%)
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR INHALATION STUDY OF ETHYLENE OXIDE (Continued) 

CHAMBER CONTROL LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 
Site unknown 

Inflammation, suppurative 1 

SPECIAL MORPHOLOGY SUMMARY 
Animal missexedho necropsy 
Animal missingho necropsy 
Accidental deathho necropsy 

1 
1 
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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APPENDIX C 

RESULTS OF SEROLOGIC ANALYSIS 
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APPENDIX C. 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. 

Data were collected from animals killed in a moribund condition between month 17 and 19 and from 
5/50 randomly selected control animals of each sex and species that lived to the end of the studies. 
The blood from each animal was collected and clotted, and the serum was separated. The serum was 
cooled on ice and shipped to Microbiological Associates' Comprehensive Animal Diagnostic Service 
for determination of the antibody titers. The following tests were performed: 

Hemagglutination Complement 
Inhibit ion Fixation ELISA 

Mice PVM (pneumonia virus of mice) M. Ad. (mouse adenovirus) MHV (mouse 
Reo 3 (reovirus type 3) LCM (lymphocytic hepatitis virus) 
GDVII (Theiler's choriomeningitis virus) M .  pu l .  (Mycoplasma 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 

encephalomyelitis virus) Sendai pu lmon i s )  

II. Results 

No positive titers were observed in any animal killed a t  17-19 months or a t  24 months. 
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APPENDIX D 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN 

NIH 07 RAT AND MOUSE RATION 

Pellet Diet: July 1981 to July 1983 
(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 
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TABLE D1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 
--II. I - 

Ingredients (b) t k r c e n t  by Weight 

Ground #2 yellow shelled corn 24.50 
Ground hard winter wheat 23.00 
Soybean meal (49% protein) 12.00 
Fish meal (60% protein) 10.00 
Wheat middlings 10.00 
Dried skim milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60% protein) 3.00 
Soy oil 2.50 

Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and mineral) 0.25 

Brewer's dried yeast 2.00 

(a) NIH, 1978; NCI, 1976 
(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE D2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 
- 

Amount Source 

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
B12 
Pyridoxine 
Biotin 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

5,500,000 IU 
4,600,000 IU 

2.8 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 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione activity 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

120.0 g Iron sulfate 
60.0 g Manganous oxide 
16.0 g Zinc oxide 
4.0 g Copper sulfate 
1.4 g Calcium iodate 
0.4 g Cobalt carbonate 

(a) Per ton (2,000 lb) of finished product 
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TABLE D3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Nutrient 
Mean f Standard 

Deviation Range Number of Samples 

Crude protein (percent by weight) 23.6 f 0.87 
Crude fat (percent by weight) 4.92 f 0.54 
Crude fiber (percent by weight) 3.30 f 0.26 
Ash (percent by weight) 6.43 f 0.39 

Essential Amino Acids (percent of total diet) 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanin 
Threonine 
Tryptophan 
Tyrosine 
Valine 

1.323 f 0.830 
0.310 f 0.099 
1.155 k 0.069 
0.572 k 0.030 
0.910 f 0.033 
1.949 f 0.065 
1.275 k 0.076 
0.422 f 0.187 

le 0.909 f 0.167 
0.844 f 0.029 
0.187 
0.631 k 0.094 
1.11 f 0.050 

Essential Fatty Acids (percent of total diet) 

Linoleic 
Linolenic 
Arachidonic 

Vitamins 

Vitamin A (IUkg) 
Vitamin D (IU/kg) 
a-Tocopherol (ppm) 
Thiamine (ppm) (b) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B12 (ppb) 
Choline (ppm) 

Minerals 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

2.44 
0.274 
0.008 

12,088 f 4,119 
4,650 
41.53 k 7.52 

16.2 f 2.30 
7.5 k 0.96 

85.0 f 14.2 
29.3 k 4.6 

7.6 f 1.5 
2.8 f 0.88 

0.27 f 0.05 
21.0 f 11.9 

3,302.0 f 120.0 

1.23 f 0.10 
0.98 f 0.05 

0.862 f 0.100 
0.546 f 0.100 
0.311 f 0.038 
0.169 f 0.133 
0.316 f 0.070 
447.0 f 57.3 
90.6 k 8.20 
53.6 f 5.27 

10.77 f 3.19 
2.95 k 1.05 
1.81 k 0.28 
0.68 f 0.14 

22.2-25.3 
3.3-5.7 
2.9-3.8 
5.7-7.2 

1.21-1.39 
0.218-0.400 

1.06-1.21 
0.530-0.603 
0.881 -0.944 

1.85-1.99 
1.20-1.37 

0.306-0.699 
0.665-1.04 

0.824-0.886 
0.171-0.21 1 
0.566-0.769 

1.05-1.17 

2.37-2.52 
0.256-0.308 

7,500-24,000 
3,000-6,300 

31.1-48.9 
12.0-21.0 
6.1-8.2 

65.0-97.0 
23.0-34.0 
5.6-8.8 
1.8-3.7 

0.21-0.32 
11.0-38.0 

3,200.0-3,430.0 

1.08-1.44 
0.88-1.11 

0.772-0.974 
0.442-0.635 
0.258-0.350 
0.151-0.181 
0.270-0.420 
409.0-523.0 

81.7-95.5 
46.1-58.6 

8.09-15.39 
1.52-3.82 
1.44-2.09 
0.49-0.80 

25 
25 
25 
25 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
4 

3 
3 
1 

25 
2 
4 

24 
4 
4 
4 
4 
4 
4 
4 
4 

25 
25 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

(a) One to four batches offeed analyzed for nutrients reported in this table were manufactured from 1983 throughl985. 
(b) One batch (7/22/81) not analyzed for thiamine. 
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TABLE D4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminant 
Mean k Standard  

Deviation Range Number of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) (b) 
Lead (ppm) (c) 
Mercury (ppm) (a) 
Selenium (ppm) 

Aflatoxins (ppb) 

Nitrate nitrogen (ppm) (d) 
Nitrite nitrogen (ppm) (d) 
BHA (ppm) (e) 
BHT (ppm) (e) 

Aerobic plate count (CFU/g) (D 
Coliform (MPNlg) (g) 
Coliform (MPN/g) (h) 
E. coli (MPN/g) (i) 

Total nitrosamines (ppb) 
N-Nitrosodimethylamine (ppb) 
N-Nitrosopyrrolidine (ppb) 

Pesticides (ppm) (d) 

a-BHC (a, j) 
B-BHC (a) 
y-BHC-Lindane (a) 
6-BHC (a) 
Heptachlor (a) 
Aldrin (a) 
Heptachlor epoxide (a) 
DDE (a )  
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor (k) 
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 (1) 
Endosulfan I (m) 
Endosulfan II (m) 
Endosulfan sulfate (m) 

0.50 f 0.13 
<0.10 

0.74 f 0.42 
0.92 f 0.75 

< 0.05 
0.29 f 0.07 

< 10 

9.22 f 4.39 
2.19 f 1.55 
5.86 _+ 4.87 

3.0 k 2.7 

43,936 f 31,267 
14.96 f 22.36 
32.76 f 91.66 

< 3  

3.42 f 2.72 
2.68 f 2.37 
1.14 f 0.48 

<0.01 
<0.02 
<0.01 
<0.01 
<0.01 
<0.01 
co.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.05 
<0.01 
<0.01 
<0.01 
<0.05 
<0.1 
< 0.2 

<0.01 
<0.02 
<0.05 

<0.1 
<0.02 
<0.02 

0.09 f 0.06 
<0.01 
<0.01 
<0.03 

0.29-0.77 

0.33-1.97 
0.33-3.37 

0.14-0.40 

<5.0-< 10.0 

1.9-17.0 
0.6-6.9 
2.0-17.0 
< 1 .o-12.0 

4,900-1 10,000 
<3-93 

<3-460 

0.8-9.3 
0.8-8.3 

CO.5-2.9 

0.09 (8/26/81); 0.06 (7126183) 

<0.05-0.42 

25 
25 
23 
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 
20 
20 
20 
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TABLE D4. 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) Mean, standard deviation, and range exclude two high values of 2.65 ppm and 3.37 ppm obtained for batches produced on 
8/26/81 and on 7/21/82. 
(c) Mean, standard deviation, and range include the high values given in footnote b. 
(d) Sources of contamination: alfalfa, grains, and fish meal 
(e) Sources of contamination: soy oil and fish meal 
(D CFU =colony forming unit 
(g) MPN = most probable number; mean, standard deviation, and range exclude one very high value of 460 MPN/g obtained for 
the batch produced on 9/23/82. 
(h) Mean, standard deviation, and range include the high value given in footnote g. 
(i) All values were less than 3 MPNlg. 
(i) BHC = hexachlorocyclohexane or benzene hexachloride 
(k) There were two observations above the detection limit. The values and the dates they were obtained are given under the 
range. 
(1) Eleven batches contained more than 0.05 ppm. 
(m) Four batches (7122181-1 1/25/81) were not analyzed for endosulfan I, endosulfan II, and endosulfan sulfate. 
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DATA AUDIT SUMMARY 
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APPENDIX E. DATA AUDIT SUMMARY 

The experimental data, documents, pathology materials, and draft NTP Technical Report for the 2- 
year toxicology and carcinogenesis studies of ethylene oxide in mice were audited for accuracy, consis- 
tency, completeness, and compliance with Good Laboratory Practice requirements of the Food and 
Drug Administration (implemented by the NTP beginning October 1, 1981). The laboratory experi- 
ments were conducted for the NTP by Battelle Pacific Northwest Laboratories, Richland, Washing- 
ton, under a subcontract with Tracor Jitco, Inc., until November 28, 1982, and then under contract 
with the NIEHS. Animal exposures to ethylene oxide began August 6, 1981, and ended August 3, 
1983. The retrospective audit was conducted at the NTP Archives in April and May 1986 by Argus 
Research Laboratories. P a u l  A. 
Wennerberg, D.V.M., M.S.; Lynn E. Blalock, M.S.; Elizabeth L. Feussner, V.M.D., D.A.B.T.; Betty L. 
Brandau, Ph.D.; Sharon H. Srebro, B.S.; and Carol L. Veigle, HTL. Pathology Associates, Inc., 
personnel consisted of Kirby N. Smith, D.V.M.; Kathleen M. Walsh, D.V.M., Diplomate A.C.V.P. (re- 
viewer); Patricia D. Hall; Bonnie J0 Johnson; and James McCloud, J r .  

The following individuals were involved with the audi t :  

The full report of the audit is on file a t  the NIEHS. The audit included, as minimum requirements, a 
review of: 

All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 
All chemistry records, including chromatograms and exposure sheets for a random 10% of the 
exposure days. 
Clinical observations recorded during the last 6 months of life and all body weights for a ran- 
dom 10% sample of the study animals. 
All inlife records concerning environmental conditions, palpable masses, mortality, animal 
identification, and correlation of final inlife observation of masses, date of death, and disposi- 
tion with necropsy records. 
All postmortem records for individual animals concerning identification, disposition codes, 
condition codes, correct data entry, and correlation between gross observations and micro- 
scopic diagnoses. 
Inventory and labeling for all wet tissue bags. 
Wet tissues from a random 10% sample of the study animals and from animals that  had a 
gross observation without a corresponding microscopic diagnosis to verify animal identifica- 
tion and to examine for untrimmed lesions. 
Slides and blocks of tissues from all control and high dose animals to examine for proper 
match and inventory. 
All information presented in the draft Technical Report. 

The audit showed that all required data were present with the exception of records documenting the 
disposition of extra animals, clinical observations for October 1981, and gas chromatograms for 
chamber concentration measurements made between August 6,1981, and November 25, 1981. Clini- 
cal observations for individual animals were not always consistent from month to month. Over the 
course of the study, animals escaped from individual cages within a chamber on 17 occasions but were 
identified and returned to the appropriate cage. After the first 9 months of the study, missing eartags 
were replaced following a standard operating procedure, and animal identification in the wet tissue 
bags agreed with the assigned study-specific number and individual animal number. Miscellaneous 
untrimmed potential lesions (12) and gross observations without a corresponding microscopic diag- 
nosis (24) were found. These were distributed across study groups and did not involve any particular 
organ. 

The audit findings were reviewed by NTP staff. In conclusion, the documents and materials at the 
NTP Archives support the data and conclusions presented in this Technical Report. 
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