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Propylene oxide; CASRN 75-56-9

Human health assessment information on a chemical substance is included in the IRIS database
only after a comprehensive review of toxicity data, as outlined in the IRIS assessment
development process. Sections | (Health Hazard Assessments for Noncarcinogenic Effects) and
I (Carcinogenicity Assessment for Lifetime Exposure) present the conclusions that were reached
during the assessment development process. Supporting information and explanations of the
methods used to derive the values given in IRIS are provided in the guidance documents located
on the IRIS website.

STATUS OF DATA FOR Propylene oxide

File First On-Line 10/01/1990

Category (section) Assessment Available? Last Revised
Oral RfD (1.A)) not evaluated
Inhalation RfC (1.B.) yes 11/01/1990
Carcinogenicity Assessment (I1.) yes 10/01/1990

I. Chronic Health Hazard Assessments for Noncarcinogenic Effects

I.A. Reference Dose for Chronic Oral Exposure (RfD)

Substance Name — Propylene oxide
CASRN — 75-56-9

Not available at this time.
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I.B. Reference Concentration for Chronic Inhalation Exposure (RfC)

Substance Name — Propylene oxide
CASRN — 75-56-9
Last Revised — 11/01/1990

The inhalation Reference Concentration (RfC) is analogous to the oral RfD and is likewise based
on the assumption that thresholds exist for certain toxic effects such as cellular necrosis. The
inhalation RfC considers toxic effects for both the respiratory system (portal-of-entry) and for
effects peripheral to the respiratory system (extrarespiratory effects). It is expressed in units of
mg/cu.m. In general, the RfC is an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily inhalation exposure of the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime.
Inhalation RfCs were derived according to the Interim Methods for Development of Inhalation
Reference Doses (EPA/600/8-88/066F August 1989) and subsequently, according to Methods for
Derivation of Inhalation Reference Concentrations and Application of Inhalation Dosimetry
(EPA/600/8-90/066F October 1994). RfCs can also be derived for the noncarcinogenic health
effects of substances that are carcinogens. Therefore, it is essential to refer to other sources of
information concerning the carcinogenicity of this substance. If the U.S. EPA has evaluated this
substance for potential human carcinogenicity, a summary of that evaluation will be contained in
Section 11 of this file.

1.B.1. Inhalation RfC Summary

Critical Effect Exposures* UF MF RfC
Nest-like infolds of NOAEL: None 100 1 3E-2
the nasal respiratory mg/cu.m
epithelium LOAEL: 71 mg/cu.m (30 ppm)

LOAEL(ADJ): 13 mg/cu.m
2-Year Rat Chronic LOAEL(HEC): 2.9 mg/cu.m

Inhalation Study

Kuper et al., 1988

*Conversion Factors: MW = 58.08. Assuming 25C and 760 mmHg, LOAEL (mg/cu.m) = 30
ppm x 58.08/24.45 = 71. LOAEL(ADJ) = 71 mg/cu.m x 6 hours/day, 5 days/week = 13. The
LOAEL(HEC) was calculated for a gas:respiratory effect in the ExtraThoracic region. MVa =
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0.30 cu.m/day, MVh = 20 cu.m/day, Sa(ET) = 11.6 sq. cm, Sh(ET) = 177 sq. cm. RGDR(ET) =
(MVa/Sa) / (MVh/Sh) = 0.23. LOAEL(HEC) = LOAEL(ADJ) x RGDR = 2.9 mg/cu.m.

1.B.2. Principal and Supporting Studies (Inhalation RfC)

Kuper, C.F., P.G.J. Reuzel, V.J. Feron and H. Verschuuren. 1988. Chronic inhalation toxicity
and carcinogenicity study of propylene oxide in Wistar rats. Food Chem. Toxicol. 26(2): 159-
167.

The nasal mucosa was the primary tissue affected by exposure to propylene oxide in a chronic
inhalation toxicity study conducted by Kuper et al. (1988). One-hundred Wistar rats/sex/group
were exposed to 0, 30, 100, or 300 ppm propylene oxide (0, 71, 238, and 713 mg/cu.m) 6
hours/day, 5 days/week for 123 weeks (females) and for 124 weeks (males, duration adjusted
concentrations: 0, 13, 43, and 127 mg/cu.m). Interim sacrifices were performed on 10
rats/sex/group after 12, 18, and 24 months of exposure with remaining animals sacrificed at 28
months. Hematology, urinalysis, serum chemistry, and histopathology, including lung, trachea,
bronchial lymph nodes, spinal cord, and skeletal muscle, were performed. Survival was
adversely affected by exposure to propylene oxide; by week 115, there was a statistically
significant increase in mortality in rats of both sexes exposed to 300 ppm propylene oxide (HEC
= 127 mg/cu.m, based on an extrarespiratory effect assuming periodicity). By week 119,
mortality was significantly increased (43% compared with 30% in controls) in the female rats
exposed to 100 ppm (43 mg/cu.m), but not at other times during the study. A FEL is identified at
300 ppm (FEL[HEC] = 127 mg/cu.m). Body weights were statistically significantly reduced in
the high-dose males throughout the study, but in females the weight reduction was only
significant in the high-dose group for the first year of the study. Body weight data were not
included in the report. The NOAEL for body weight changes is 100 ppm [NOAEL(HEC) =43
mg/cu.m]. The authors state that no treatment-related changes were observed in any of the
biochemical, urinalysis, or organ weight endpoints but detailed data were not presented.
Statistically significantly increased incidences of several non-neoplastic degenerative and
hyperplastic nasal lesions were observed in all exposure groups. These changes occurred in the
respiratory and olfactory epithelium of the dorso-medial region, and on the septum and the
nasomaxillary turbinates. The lesions in the group exposed to 300 ppm (127 mg/cu.m) were
characterized by moderate atrophy of the olfactory epithelium accompanied by a thickened
submucosa and moderate to marked basal-cell hyperplasia of the olfactory epithelium at 28
months only. Moderate to marked nest-like infolds of the respiratory epithelium was observed at
18, 24, and 28 months. At 100 ppm (43 mg/cu.m) slight basal cell hyperplasia of the olfactory
epithelium was observed in female rats at 28 months and slight nest-like infolds of the
respiratory epithelium in both males (18, 24, and 28 months) and females (24 and 28 months).
This latter effect was the only respiratory change that was statistically significant in the animals
exposed to 30 ppm (13 mg/cu.m) and was seen only in rats exposed for 28 months. No other
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non-neoplastic treatment-related effects were observed. This study identifies the LOAEL for
extrathoracic respiratory tract effects at a concentration of 30 ppm [LOAEL(HEC) = 2.9
mg/cu.m].

1.B.3. Uncertainty and Modifying Factors (Inhalation RfC)

UF — An uncertainty factor of 10 is used for protection of sensitive human subpopulations. A
factor of 10 is used for interspecies extrapolation and to account for the use of a LOAEL because
the effect is mild and occurs only at the 28-month exposure and not at the 24-month exposure.

MF — None

1.B.4. Additional Studies/Comments (Inhalation RfC)

NTP (1985) conducted a 2-year bioassay in F344 rats and B6C3F1 mice to determine the chronic
toxic and carcinogenic effects of inhaled propylene oxide. Fifty animals/species/sex were
exposed to 99.9% pure propylene oxide at concentrations of 0, 200, and 400 ppm (0, 475, and
950 mg/cu.m) for 6 hours/day, 5 days/week for 103 weeks (duration adjusted concentrations: 0,
85, and 170 mg/cu.m). Hematology, serum chemistry, urinalysis, and histopathology were
performed. Survival in the rats was unaffected by exposure to propylene oxide, and terminal
body weights were slightly depressed in the high-dose male (8%) and female (9%) rats. In mice,
survival tended to be adversely affected in all treated groups, but the decrease was statistically
significant only for male and female mice in the 400 ppm group. Terminal body weights were
10% below control values for the high-dose female mice and 22% below control values for the
high-dose male mice. The FEL for body weight changes is 400 ppm (FEL[HEC] = 170
mg/cu.m). The respiratory epithelium of the nasal turbinates was the primary tissue affected by
propylene oxide exposure in both rats and mice. Rats exhibited exposure-related increases in
suppurative inflammation of the nasal cavity (7/50, 19/50, and 33/50 in the control, 200, and 400
ppm males, respectively, and 3/50, 5/50, and 20/50 in the control, 200, and 400 ppm females,
respectively) in addition to exposure-related increases in epithelial hyperplasia (0/50, 1/50, and
11/50 in males; 0/50, 0/48, and 5/48 in females in respective dose groups) and squamous
metaplasia (1/50, 3/50, and 21/50 in males; 1/50, 2/48, and 11/48 in females in respective dose
groups). Chronic inflammation of the nasal cavity was observed in 1/50, 13/50, and 38/50 of the
male mice and in 0/50, 13/50, and 17/50 of the female mice exposed to 0, 200 ppm, and 400
ppm, respectively. Hyperplasia and metaplasia were also observed sporadically in mice exposed
to 400 ppm propylene oxide. These lesions were most pronounced in the anterior portion of the
nasal cavity and on the greater curvatures of the nasal maxillary turbinates. No consistent effect
was observed in the tracheobronchiolar or pulmonary region of the respiratory tract, or in
skeletal muscle, bronchial lymph nodes, or central nervous system. The LOAEL(ADJ) for
extrathoracic respiratory effects for rats and mice was identified in this study as 200 ppm
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[LOAEL(HEC) = 16 mg/cu.m for rats (RGDR = 0.183 for female F-344 rat) and 16 mg/cu.m for
mice (RGDR = 0.183 for female B6C3F1 mice)].

The chronic toxicity of inhaled propylene oxide was studied in male F344 rats by Lynch et al.
(1984). Eighty rats/group were exposed to 0, 100, or 300 ppm propylene oxide (0, 238, and 713
mg/cu.m) for an average of 6.9 hours/day, 5 days/week for 104 weeks (duration adjusted
concentrations, 0, 49, and 150 mg/cu.m). Body weight and survival were significantly reduced in
the 300 ppm treatment group. Hemoglobin concentrations were significantly elevated above
control values in both groups of propylene oxide-treated rats. Differential leukocyte counts were
also elevated in the rats exposed to propylene oxide, but this effect is probably a result of the
outbreaks of Mycoplasma pneumonia infection which occurred at 8, 16, and 20 months of the
study. The authors state that the presence of Mycoplasma was confirmed by serology but do not
indicate that the infection was confined to the exposed groups. None of the observed changes in
absolute and relative organ weights were consistently associated with histopathological changes
and were not considered to be treatment-related. Effects observed in exposed groups in this study
included suppurative rhinitis and complex epithelial hyperplasia in the nasal cavity; pulmonary
pneumonia and edema; tracheitis; bronchial lymph node hyperplasia; and multifocal myopathy
of the skeletal muscle. Nasal suppurative rhinitis was increased significantly in both exposed
groups. The nasal epithelial hyperplasia was statistically significant only in the 713 mg/cu.m
group and was also observed in 2 animals in the 240 mg/cu.m group; it appears to be exposure
related, although the effect of the mycoplasmosis is unknown. The respiratory effects cited above
occurred with significantly greater frequency in both exposed groups. This study suggests a
LOAEL of 100 ppm [LOAEL(HEC) = 13 mg/cu.m] for the extrathoracic respiratory effect and
for the thoracic effect [LOAEL(HEC) = 163 mg/cu.m, RGDR = 3.33]. Skeletal muscle myopathy
was increased in 25/78 rats exposed to 300 ppm compared with 7/77 controls, but was not
indicated as statistically significant. This study indicates a LOAEL of 300 ppm [LOAEL(HEC) =
710 mg/cu.m] for skeletal myopathy and effects on body weight based on a systemic effect of a
soluble gas.

NIOSH sponsored an investigation of the developmental toxicity of inhaled propylene oxide in
Sprague-Dawley rats and rabbits (Hackett et al., 1982; Hardin et al., 1983). The study population
consisted of 23-30 artificially inseminated rabbits per group and 32 to 45 sperm-positive rats per
group. The number of litters examined ranged from 9 to 19 per group for the rabbits and 41 to 46
per group for the rats. All animals were exposed to 500 ppm propylene oxide (1188 mg/cu.m) for
7 hours/day. The protocol for the rats was: Group 1, control (filtered air); Group 2, propylene
oxide on gestation days 7-16; Group 3, propylene oxide on gestation days 1-16; Group 4,
propylene oxide for 3 weeks (5 days/week) prior to mating and daily on gestation days 1- 16.
The protocol for the rabbits was: Group 1, control (filtered air); Group 2, propylene oxide on
gestation days 7-19; Group 3, propylene oxide on gestation days 1-19. The animals were
necropsied and uterine contents were examined on gestation day 21 (rats) or 30 (rabbits).
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Maternal body weight gain and food consumption were decreased in all exposed rats.
Reproductive capacity was impaired in rats exposed prior to breeding (Group 4). The number of
corpora lutea, implantation sites, and live fetuses was reduced in rats exposed pregestationally to
propylene oxide. Dams exposed during gestation (especially those exposed on gestation days 7-
16) had more resorptions. Some degree of fetotoxicity was observed in all exposed groups of rats
and included a significant reduction in fetal body weight and crown-rump length. The only
evidence of fetal malformations seen in rats was an increase in wavy ribs and reduced
ossification in rats exposed from gestation days 1-16. The incidence of rib dysmorphology and
reduced ossification of fetal ribs and vertebrae were more frequent in exposed animals.

The only signs of maternal toxicity reported in the rabbits was a significant reduction in food
consumption and a slight but significant decrease in maternal body weight gain in both groups
exposed at some times during gestation (Hackett et al., 1982; Hardin et al., 1983). The only
evidence of fetal toxicity observed in the rabbits was an increase in resorptions per litter,
comparing only litters with resorptions from does exposed during gestation days 1-19 (Group 3),
with no change in total resorptions. Reproductive measures, including number of corpora lutea,
implantations, and live fetuses, were similar for all groups. Fetal size, sex ratio, and placental
weights were unaffected by exposure in any group. Minor musculoskeletal anomalies (sternebral
and limb anomalies) were significantly increased in fetal rabbits from Group 3. These studies
suggest a LOAEL of 1188 mg/cu.m [LOAEL(HEC) = 1188 mg/cu.m] for reproductive and
minor developmental effects, but it is not known whether these effects occurred as a result of
maternal toxicity.

Harris et al. (1989) exposed groups of 25 mated female Fischer 344 rats to 0, 100, 300, or 500
ppm propylene oxide for (0, 238, 713, and 1188 mg/cu.m) 6 hours/day on gestation days 6-15.
Reduced maternal body weight gain and food consumption was observed in the dams exposed to
500 ppm propylene oxide, similar to the NIOSH study findings. However, there was no
exposure-related fetotoxicity (e.g., the number of viable fetuses or fetal body weight,
postimplantation losses, total implantations, and corpora lutea) observed in this study, in contrast
to the NIOSH study findings. The only fetal malformation observed was an increased frequency
of seventh cervical rib in the 500 ppm group. The authors attribute the difference in results
obtained between the two studies to a difference in strain susceptibility to the toxic effects of
propylene oxide. This study identifies a NOAEL of 300 ppm [NOAEL(HEC) = 713 mg/cu.m]
for minor developmental variations and maternal toxicity as measured by decreased weight gain.

Hayes et al. (1988) conducted a 2-generation reproductive toxicity study in F344 rats exposed to
propylene oxide by inhalation. Thirty rats of each sex (FO) were exposed to 0, 30, 100, or 300
ppm (0, 71, 238 , and 713 mg/cu.m) propylene oxide 6 hours/day, 5 days/week for 14 weeks
prior to mating to produce the F1 litters. Thirty randomly selected F1 pups/sex/group were then
exposed to the same concentrations of propylene oxide for 17 weeks after weaning and
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subsequently mated to produce the F2 generation. Data on body weight, litter size, live pups,
litter weight was collected, and complete histopathology on F1 and F2 pups (10
pups/sex/exposure) in the control and 300 ppm groups. Body weight was significantly decreased
in FO (94% and 92% of control in females and males respectively) and F1 (89% of control in
males and females) rats exposed to 713 mg/cu.m propylene oxide. No treatment-related effect
was observed in any of the following reproductive parameters: fertility, litter size and neonatal
growth, and survival. Furthermore, no effects attributable to propylene oxide exposure were
observed at gross pathological examination in either the adults or weanlings or histopathological
examination of the pups. This study identifies a NOAEL for reproductive effects of 300 ppm
[NOAEL(HEC) = 713 mg/cu.m] and a NOAEL for changes in body weight of 100 ppm
[NOAEL(HEC) = 238 mg/cu.m].

Functional and histopathological evidence of neurotoxicity in Wistar rats exposed to 1500 ppm
propylene oxide (3563 mg/cu.m) for 6 hours/day, 5 days/week for 7 weeks (Ohnishi et al., 1988)
(duration-adjusted concentration = 636 mg/cu.m). Awkward gait was apparent in exposed rats by
the third to fourth week of exposure and all rats exhibited obvious ataxia by the seventh week.
Histopathological examination revealed axonal degeneration of the hindleg nerve and fasciculus
gracilis myelinated fibers, and myelinated fibers in the sacral spinal root. The LOAEL(HEC) for
this study is 636 mg/cu.m.

Sprinz et al. (1982) exposed male cynomolgus monkeys for 2 years (2/group) to 0, 100, or 300
ppm propylene oxide (0, 237, and 712 mg/cu.m). Nerve conduction velocity was measured
throughout the exposure and at the termination of exposure, sections of peripheral nerves, spinal
cord, and brain (19 regions) were examined. No exposure-related changes were observed in the
peripheral nerves or the spinal cord. Axonal dystrophy was observed in the medulla oblongata
and in the most distal portions of the fasciculus gracilus in one control monkey and in all four
exposed monkeys. The extent of the lesion was similar in all affected monkeys and was not dose-
related.

1.B.5. Confidence in the Inhalation RfC

Study — Medium
Database — Medium
RfC — Medium

The study by Kuper et al. (1988) used a large number of animals, examined the critical effect
with sensitive techniques and at multiple durations and exposure levels, and was of chronic
duration, but did not identify a NOAEL, resulting in medium confidence. There are several
corroborative chronic inhalation studies and inhalation developmental studies, but the inhalation
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2- generation reproductive study is inadequate, resulting in medium confidence in the database.
Medium confidence in the RfC results.

1.B.6. EPA Documentation and Review of the Inhalation RfC

Source Document — This assessment is not presented in any existing U.S. EPA document.
Other EPA Documentation — U.S. EPA, 1985, 1987

Agency Work Group Review — 06/21/1990, 09/20/1990

Verification Date — 09/20/1990

Screening-Level Literature Review Findings — A screening-level review conducted by an EPA
contractor of the more recent toxicology literature pertinent to the RfC for propylene oxide

conducted in August 2003 identified one or more significant new studies. IRIS users may request
the references for those studies from the IRIS Hotline at hotline.iris@epa.gov or 202-566-1676.

1.B.7. EPA Contacts (Inhalation RfC)

Please contact the IRIS Hotline for all questions concerning this assessment or IRIS, in general,
at (202)566-1676 (phone), (202)566-1749 (FAX) or hotline.iris@epa.gov (internet address).

Il. Carcinogenicity Assessment for Lifetime Exposure

Substance Name — Propylene oxide
CASRN — 75-56-9
Last Revised — 10/01/1990

Section Il provides information on three aspects of the carcinogenic assessment for the substance
in question; the weight-of-evidence judgment of the likelihood that the substance is a human
carcinogen, and quantitative estimates of risk from oral exposure and from inhalation exposure.
The quantitative risk estimates are presented in three ways. The slope factor is the result of
application of a low-dose extrapolation procedure and is presented as the risk per (mg/kg)/day.
The unit risk is the quantitative estimate in terms of either risk per ug/L drinking water or risk
per ug/cu.m air breathed. The third form in which risk is presented is a drinking water or air
concentration providing cancer risks of 1 in 10,000, 1 in 100,000 or 1 in 1,000,000. The rationale
and methods used to develop the carcinogenicity information in IRIS are described in The Risk
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Assessment Guidelines of 1986 (EPA/600/8-87/045) and in the IRIS Background Document.
IRIS summaries developed since the publication of EPA's more recent Proposed Guidelines for
Carcinogen Risk Assessment also utilize those Guidelines where indicated (Federal Register
61(79):17960-18011, April 23, 1996). Users are referred to Section | of this IRIS file for
information on long-term toxic effects other than carcinogenicity.

I1.A. Evidence for Human Carcinogenicity

I1.A.1. Weight-of-Evidence Characterization

Classification — B2; probable human carcinogen

Basis — Based on inadequate human data and an increased incidence of benign and malignant
tumors at the site of exposure in two species of animals, when exposed by subcutaneous
injection, by inhalation, and by gavage. There was also evidence of mutagenicity in a variety of
test systems. Propylene oxide is structurally similar to other chemicals that demonstrate
carcinogenic activity in animals.

I1.A.2. Human Carcinogenicity Data

Inadequate. Theiss et al. (1982) conducted a retrospective cohort study of 602 employees in eight
German production plants, where there was exposure to alkylene oxides (propylene oxide and
ethylene oxide) and other chemicals, including dichloropropane and epichlorohydrin. The
mortality in each cancer category was not significantly higher than expected.

11.A.3. Animal Carcinogenicity Data

Sufficient. The animal data consist of oral, inhalation and subcutaneous studies in three strains of
rats and two strains of mice. Propylene oxide caused tumors at or near the site of administration
in rodents, causing forestomach tumors following ingestion (Dunkelberg, 1982) and nasal tumors
after inhalation exposure (NTP, 1985).

Dunkelberg (1982) treated groups of 50 female Sprague-Dawley rats by gavage with 0, 15 or 60
mg/kg of 1,2-propylene oxide in salad oil twice weekly for 150 weeks (a total of 219 treatments)
for total average doses of 0, 2714, or 10,798 mg/kg, as reported by the author. (Treatments were
temporarily suspended due to a pneumonia outbreak.) All animals were treated with antibiotics
when pneumonia interrupted treatment for 3 weeks. Controls consisted of both vehicle-treated
and untreated groups. Survival of treated animals was comparable to controls with approximately
30% mortality at 104 weeks. Forestomach tumors, primarily squamous cell carcinomas, first
developed in treated animals during week 79 in the high-dose group. The incidence of squamous
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cell carcinomas of the forestomach was 0/100 (combined untreated and vehicle controls), 2/50
(low-dose) and 19/50 (high-dose). No statistical analyses were conducted. The incidence of
tumors at sites distant from the site of administration appeared to be similar in treated and
untreated groups.

F344/N rats and B6C3F1 mice (50/sex/dose) were exposed by inhalation to 0, 200, or 400 ppm
(0, 475, or 950 mg/cu.m) of propylene oxide for 6 hours/day, 5 days/week for 103 weeks (NTP,
1985; Renne et al., 1986). Survival of treated rats was comparable to that of controls. Dose-
related increases in inflammation and metaplasia of the nasal cavities in both sexes of rats and a
positive trend in papillary adenomas of the nasal turbinate epithelium (0/50, 0/50, 3/50) in female
rats were reported. Incidence of thyroid gland C-cell adenoma or carcinomas (2/45, 2/35, 7/37)
in female rats showed a positive trend that was statistically significantly elevated in the high-
dose group relative to controls, when the incidences of benign and malignant tumors were
combined (there were equal proportions of both tumor types). The incidence of endometrial
stromal polyps and sarcomas combined (3/49, 12/50, 10/47) (the majority was polyps) was
statistically significantly greater in rats at all doses compared to controls inhaling propylene
oxide than in controls. In male rats, a significant positive trend for keratoacanthomas occurred
(1/50, 1/50, 5/50). The NTP, however, considered only the nasal cavity tumors as being
treatment-related because the other tumors were either a relatively common type (thyroid) or
were of low incidence relative to that in historical controls.

Nineteen weeks after the initial start date, a technical error caused excessive chamber
concentration, killing all low-dose mice. New groups of low-dose mice of each sex were started,
but additional control groups were not included. Survival in mice showed dose-related decreases
in both sexes with a statistically significant decrease in high-dose animals relative to controls. At
termination, 58% of males and 20% of females in the high-dose group survived as compared
with 84 and 76% of the respective controls. Terminal body weights of high-dose animals were
decreased by 10-21%, indicating a MTD had been achieved. One squamous cell carcinoma and
one papilloma in the nasal cavity of two high-dose males, and nasal cavity adenocarcinomas of
two high-dose females were reported. The incidences of these lesions (combined) were 0/50 and
0/1615 in males, and 0/50 and 0/1668 in females for concurrent and historical control mice of
this strain in the NTP program, respectively. Hemangiomas (0/50, 0/50, 5/50) and
hemangiosarcomas (0/50, 0/50, 5/50) of the nasal cavity were statistically significantly increased
both individually and when combined in male mice receiving 400 ppm propylene oxide when
compared with concurrent controls. In females, the incidence of combined hemangiomas or
hemangiosarcomas of the nasal cavity (0/50, 0/50, 5/50) was also statistically significantly
elevated at the high dose. Statistical analysis of these tumors included adjustment for intercurrent
mortality. When compared by life table tests, mammary gland adenocarcinomas (all types)
showed a significant dose-related trend and significant elevation in high-dose females relative to
controls (0/50, 3/50, 3/50).

10




Integrated Risk Information System (IRIS) U.S. Environmental Protection Agency
Chemical Assessment Summary National Center for Environmental Assessment

One hundred Cpb:WU Wistar rats/sex/group were exposed by inhalation to 0, 30, 100, or 300
ppm (0, 71, 238, or 713 mg/cu.m) propylene oxide for 6 hours/day, 5 days/week for 123 to 124
weeks (Reuzel and Kuper, 1983; Kuper et al., 1988). Interim sacrifices of 10 rats/sex/group were
conducted at 12, 18, and 24 months. Survival was significantly decreased in high-dose animals
relative to controls with only 21 to 47% of treated males and females surviving after week 115,
as compared with 54 to 71% of controls. By week 119, survival in females at the mid-dose level,
100 ppm, was also significantly decreased (survival was 39%). While there were no tumors in
the nasal cavity, a statistically significant increase in nonneoplastic alterations (degenerative
changes and hyperplasia) of the olfactory and respiratory epithelium was observed in each sex in
each exposure group. A statistically significant increase in mammary gland fibroadenomas
(32/69, 30/71, 39/69, 47/70) and adenocarcinomas (3/69, 6/71, 5/69, 8/70), which appeared
earlier in life, were found in the high-dose females when compared with controls. The authors
suggested malignant mammary tumor development in the high-dose females may not be related
to propylene oxide exposure, since the historical control incidence of malignant mammary
tumors in this laboratory is in the range of 0 to 15% (0/30 to 15/99). Although not statistically
significantly elevated, squamous-cell carcinomas of the nose, larynx/pharynx and trachea, and
adenocarcinomas of the larynx/pharynx and lungs were reported in five high-dose males; none of
these tumor types were reported in control males.

Lynch et al. (1984a) exposed male F344 rats (80/group) to 0, 100, or 300 ppm propylene oxide 7
hours/day, 5 days/week for 104 weeks. A statistically significant increase in mortality was
observed in each treated group relative to controls. At 104 weeks, survival was approximately
50, 45, and 35% for the control, low-dose and high-dose groups, respectively. An outbreak of
mycoplasmosis at approximately 68 weeks contributed to the decreased survival of all animals.
A statistically significant increase in hyperplasia of the nasal epithelium was reported in high-
dose rats. The incidence of adrenal pheochromocytomas (8/78, 25/78, 22/80), although without
increasing trend, was statistically significantly elevated in each group of the propylene oxide-
exposed rats (not explicit when a trend test was conducted).

Dunkelberg (1981) treated groups of 100 female NMRI mice weekly by subcutaneous injection
with 0.1, 0.3, 1.0, or 2.5 mg propylene oxide in tricaprylin once a week for 95 weeks for average
total doses of 6.8, 21.7, 72.8, 165.4 mg/mouse. Controls consisted of groups of 100 untreated or
vehicle-treated mice. A dose-related increase (approximately 2 to 16%) in injection site tumors
(mostly fibrosarcomas) was reported with the first tumor appearing in the high-dose group at 39
weeks, while no tumors were noted among vehicle or untreated controls. Tumor incidence at
other sites was similar in control and treated groups.

Propylene oxide in either arachis oil or water was injected subcutaneously in groups of 12 rats
(sex and strain not specified) over 325 days for a total dose of 1500 mg/kg (Walpole, 1958).
Injection site sarcomas developed in 8/12 and 3/12 rats receiving propylene oxide in the oil and

11
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water vehicles, respectively. No controls appear to have been run and no other experimental
details were available.

I1.A.4. Supporting Data for Carcinogenicity

Like other epoxides, propylene oxide is DNA-reactive. Propylene oxide has been found to be
mutagenic in a variety of test systems. Reverse mutations were produced in Salmonella
typhimurium both with and without mammalian hepatic homogenates as a metabolic activating
system (Wade et al., 1978; Bootman et al., 1979; McMahon et al., 1979; Hemminki and Falck,
1979; Pfeiffer and Dunkelberg, 1980; Yamaguchi, 1982; Yamaguchi and Nakagawa, 1983;
Djuric et al. 1986) and Escherichia coli (Bootman et al., 1979; McMahon et al., 1979; Hemminki
et al., 1980), and without mammalian hepatic homogenates as a metabolic activating system in
Klebsiella pneumoniae (Voogd et al., 1981). Forward mutations were produced in
Schizosaccharomyces pombe (Migliore et al., 1982) and Chinese hamster ovary cells (Zamora et
al., 1983). Propylene oxide induced sex-linked recessive lethal mutations in Drosophila
melanogaster (Hardin et al., 1983). Chromosome aberrations (Dean and Hodson-Walker, 1979)
and DNA strand breaks (Sina et al., 1983) have been reported in rat hepatocytes, but no
significant increases in sister-chromatid exchange (SCE) or chromosomal aberrations in
lymphocytes from Cynomolgus monkeys were reported by Lynch et al. (1984b). Bootman et al.
(1979) reported increased chromosomal aberrations and Tucker et al. (1986) found increased
SCE frequency in human lymphocytes. DNA synthesis and repair was reduced in lymphocytes of
workers occupationally exposed to less than 12 ppm propylene oxide for 2 to 20 years (Pero et
al., 1982) and lymphocyte chromosome aberrations were increased in workers exposed to
alkylene oxides (ethylene oxide and propylene oxide) for >20 years compared with a presumably
unexposed group of workers. No baseline values were available for the exposed workers (Theiss
etal., 1981).

Propylene oxide is structurally-related to epichlorohydrin and ethylene oxide, which have

induced carcinogenic responses in animals. Limited human evidence for cancer risk also exists
for ethylene oxide.

11.B. Quantitative Estimate of Carcinogenic Risk from Oral Exposure

11.B.1. Summary of Risk Estimates

Oral Slope Factor — 2.4E-1 per (mg/kg)/day

Drinking Water Unit Risk — 6.8E-6 per (ug/L)
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Extrapolation Method — Linearized multistage procedure, extra risk

Drinking Water Concentrations at Specified Risk Levels:

Risk Level Concentration
E-4 (1 in 10,000) 1E+1 ug/L
E-5 (1 in 100,000) 1E+0 ug/L
E-6 (1 in 1,000,000) 1E-1 ug/L

11.B.2. Dose-Response Data (Carcinogenicity, Oral Exposure)

Tumor Type — forestomach, squamous cell carcinoma
Test Animals — rat/Sprague-Dawley, female

Route — gavage, salad oil

Reference — Dunkelberg, 1982

Dose
Administered  Transformed Animal Dose Human Equivalent Tumor
(mg/kg) (mg/kg)/day (mg/kg)/day Incidence
0 0 0 0/100
15 2.58 0.44 2/50
60 10.28 1.76 19/50
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11.B.3. Additional Comments (Carcinogenicity, Oral Exposure)

Human equivalent doses were determined using a rat body weight of 0.35 kg, a human body
weight of 70 kg, 1029 days as the length of the exposure, and 1050 days as the length of the
experiment and lifespan of the animal.

The unit risk should not be used if the water concentration exceeds 1E+3 ug/L, since above this
concentration the unit risk may not be appropriate.

11.B.4. Discussion of Confidence (Carcinogenicity, Oral Exposure)
The study was conducted for a long period of time (150 weeks) with a sufficient number of
animals surviving for analysis of late-developing tumors. Survival of treated animals was

comparable with that of controls at 104 weeks; both had approximately 30% mortality. Exposure
was by a relevant route and a comprehensive necropsy was performed.

11.C. Quantitative Estimate of Carcinogenic Risk from Inhalation Exposure

11.C.1. Summary of Risk Estimates
Inhalation Unit Risk — 3.7E-6 per (ug/cu.m.)
Extrapolation Method — Linearized multistage procedure, extra risk

Air Concentrations at Specified Risk Levels

Risk Level Concentration

E-4 (1 in 10,000) 3E+1 ug/cu.m
E-5 (1 in 100,000) 3E+0 ug/cu.m
E-6 (1 in 1,000,000) 3E-1 ug/cu.m
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11.C.2. Dose-Response Data for Carcinogenicity, Inhalation Exposure

Tumor Type — nasal cavity hemangioma or hemangiosarcoma
Test Animals — mouse/B6C3F1, male

Route — Inhalation

Reference — NTP, 1985; Renne et al., 1986

Dose
Administered  Transformed Animal Dose Human Equivalent Tumor
(mg/kq) (mg/kg)/day (mg/kg)/day Incidence
0 0 0 0/50
200 55 4.15 0/50
400 110 8.29 10/50

11.C.3. Additional Comments (Carcinogenicity, Inhalation Exposure)

Transformed animal doses were calculated assuming 50% pulmonary absorption, and an
exposure duration and length of experiment of 103 weeks. The 50% absorption assumption is
consistent with the absorption efficiency observed for epichlorohydrin in the respiratory tract of
rats (Stott and Mckenna, 1984). The transformed animal dose level was used in the calculation of
an animal slope factor of 9.8E-4 per (mg/kg)/day. The human slope factor, 1.3E-2 per
(mg/kg)/day was determined using an animal body weight of 0.03 kg, a human body weight of
70 kg and animal lifespan of 103 weeks.

The above unit risk should not be used if the air concentration exceeds 3E+3 ug/cu.m., as above
this concentration the unit risk may not be appropriate.

11.C.4. Discussion of Confidence (Carcinogenicity, Inhalation Exposure)

Adequate numbers of animals of both sexes of mice were treated for a lifetime. Propylene oxide
exposure was by a relevant route and a complete histopathological examination was performed.
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11.D. EPA Documentation, Review, and Contacts (Carcinogenicity Assessment)
11.D.1. EPA Documentation

Source Document — U.S. EPA, 1985, 1987

The 1985 Health and Environmental Effects Profile and 1987 Health Issue Assessment for
Propylene Oxide have received Agency Review.

11.D.2. EPA Review (Carcinogenicity Assessment)

Agency Work Group Review — 05/30/1989, 04/05/1990
Verification Date — 04/05/1990

Screening-Level Literature Review Findings — A screening-level review conducted by an EPA
contractor of the more recent toxicology literature pertinent to the cancer assessment for
propylene oxide conducted in August 2003 did not identify any critical new studies. IRIS users
who know of important new studies may provide that information to the IRIS Hotline at
hotline.iris@epa.gov or 202-566-1676.

11.D.3. EPA Contacts (Carcinogenicity Assessment)

Please contact the IRIS Hotline for all questions concerning this assessment or IRIS, in general,
at (202)566-1676 (phone), (202)566-1749 (FAX) or hotline.iris@epa.gov (internet address).

I11. [reserved]
V. [reserved]
V. [reserved]
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VIIIl. Synonyms

Substance Name — Propylene oxide
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75-56-9

AD 6 (SUSPENDING AGENT)
CASWELL NO. 713A

EPA PESTICIDE CHEMICAL
EPOXYPROPANE
1,2-EPOXYPROPANE
ETHYLENE OXIDE, METHYL-
HSDB 173

METHYL ETHYLENE OXIDE
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METHYL OXIRANE
METHYLOXIRANE

NCI-C50099

OXIDO DE PROPILENO [SPANISH]
OXIRANE, METHYL-

OXYDE DE PROPYLENE [FRENCH]
PROPANE, EPOXY-

PROPANE, 1,2-EPOXY -

PROPENE OXIDE

PROPYLENE EPOXIDE
PROPYLENE OXIDE
1,2-PROPYLENE OXIDE

UN 1280
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