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Ethylene Oxide
CAS No. 75-21-8

Known to be a human carcinogen
First listed in the Fourth Annual Report on Carcinogens (1985)
Also known as oxirane, EtO
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Carcinogenicity

Ethylene oxide is known to be a human carcinogen based on sufficient
evidence of carcinogenicity from studies in humans, including epi-
demiological studies and studies on mechanisms of carcinogenesis.
Ethylene oxide was first listed in the Fourth Annual Report on Car-
cinogens in 1985 as reasonably anticipated to be a human carcinogen
based on limited evidence of carcinogenicity from studies in humans
and sufficient evidence of carcinogenicity from studies in experimen-
tal animals. The listing was revised to known to be a human carcin-
ogen in the Ninth Report on Carcinogens in 2000.

Cancer Studies in Humans

An increased risk of cancer has been demonstrated in epidemiologi-
cal studies of workers using ethylene oxide as a sterilant for medical
devices and spices and in chemical synthesis and production (IARC
1994). The types of cancer most frequently reported to be associated
with occupational exposure to ethylene oxide are lymphoma and leu-
kemia. Several epidemiological studies reported an association be-
tween exposure to ethylene oxide and increased risk of leukemia and
stomach cancer; however, other studies found no significantly in-
creased risks of cancer. In most studies, information on the extent of
exposure to ethylene oxide was limited. The likelihood of confounding
occupational exposures to other chemicals generally is lower for ster-
ilization workers than for chemical synthesis and production workers.

A meta-analysis of 10 distinct cohort studies of workers exposed
to ethylene oxide found no association between exposure and risk
of pancreatic or brain cancer; however, this analysis suggested asso-
ciations with non-Hodgkin lymphoma (NHL) and stomach cancer
(Shore et al. 1993). The largest study of U.S. workers exposed to ethyl-
ene oxide at plants producing sterilized medical supplies or spices
found no excess mortality from any cause of death; however, male
workers had excess mortality from all cancers of the hematopoietic
system combined (especially lymphosarcoma, reticulosarcoma, and
NHL) (Steenland et al. 1991). Risk of mortality from all lymphatic
and hematopoietic cancer increased with increasing cumulative ex-
posure to ethylene oxide, and this trend was strengthened when the
analysis was restricted to cancer of lymphoid-cell origin (lymphocytic
leukemia and NHL combined). Increasing cumulative exposure to
ethylene oxide was associated with increased risk of leukemia, but
this trend was not statistically significant (Stayner et al. 1993). Other
studies reported elevated risk of leukemia in workers who had been
exposed to ethylene oxide for more than 10 years (Teta et al. 1993)
and elevated incidence of breast cancer in a cohort of workers who
used ethylene oxide as a sterilant (Norman et al. 1995). Since the
ethylene oxide profile was revised for the Ninth Report on Carcino-
gens, the International Agency for Research on Cancer has concluded
that there is limited evidence in humans for a causal association with
breast cancer (IARC 2012).

Studies on Mechanisms of Carcinogenesis

Evidence for a common mechanism of carcinogenesis in humans and
experimental animals comes from studies that have found similar ge-
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netic damage in the cells of animals and workers exposed to ethylene
oxide. The DNA-damaging activity of ethylene oxide explains its ef-
fectiveness as a sterilant, and this same property accounts for its car-
cinogenic risk to humans.

Ethylene oxide caused genetic damage in all species studied, in-
cluding prokaryotic, lower eukaryotic, and in vitro and in vivo mam-
malian systems. Ethylene oxide caused gene mutations and heritable
translocations in germ cells of rodents exposed ix vivo. In occupation-
ally exposed workers, ethylene oxide caused dose-related increases
in the frequencies of chromosomal aberrations, sister chromatid ex-
change, iprt mutations in peripheral lymphocytes, micronucleus for-
mation in erythrocytes, and DNA single-strand breaks in peripheral
mononuclear blood cells (Fuchs et al. 1994, IARC 1994, Oesch et al.
1995, Schulte et al. 1995, Major et al. 1996). Similar genotoxic effects
were observed in rodents exposed to ethylene oxide (IARC 1994). For
direct-acting mutagenic chemicals, increases in chromosomal aber-
ration frequency appear to be a good predictor of increased human
cancer risk. Thus, all measurable genotoxic end points that are consid-
ered to be indicators of chemical carcinogenesis have been observed
in both humans and experimental animals exposed to ethylene oxide.

Ethylene oxide is a direct-acting alkylating agent that forms ad-
ducts with biological macromolecules, including hemoglobin and
DNA. Ethylene oxide caused dose-related increases in the frequency
of hemoglobin adducts in exposed humans and rodents. Measure-
ments of hemoglobin adducts (hydroxyethyl histidine and hydroxy-
ethyl valine) have been used to monitor worker exposure to ethylene
oxide (IARC 1994). The major DNA adduct of ethylene oxide is
N7-(2-hydroxyethyl)guanine. Dose-related increases in this adduct,
as well as smaller amounts of O°-(2-hydroxyethyl)guanine and N3-(2-
hydroxyethyl)adenine, were observed in rodents exposed to ethylene
oxide. It has been suggested that background levels of hemoglobin
and DNA adducts of ethylene oxide in humans and experimental
animals arise from endogenous production of ethylene by intestinal
flora or metabolism of unsaturated dietary lipids (Tornqvist 1996).

Cancer Studies in Experimental Animals

Inhalation exposure to ethylene oxide caused tumors at several differ-
ent tissue sites in rodents, including the hematopoietic system in mice
and rats; the lung, Harderian gland, mammary gland, and uterus in
mice; and the brain and mesothelium in rats (NTP 1987, IARC 1994).

Properties

Ethylene oxide is the simplest epoxy compound, which at room tem-
perature is a colorless gas with a sweet odor. It is miscible with water,
alcohol, and most organic solvents and soluble in acetone. Ethylene
oxide is flammable and explosive, and incomplete combustion re-
leases carbon monoxide (IARC 1994). Physical and chemical prop-
erties of ethylene oxide are listed in the following table.

Property Information
Molecular weight 44.0°

Specific gravity 0.882 at 10°C/10°C*
Melting point -112°Ce

Boiling point 10.6°C at 760 mm Hg®
LogK_, -0.3°

Water solubility 1,000 g/L at 25°C®
Vapor pressure 1,310 mm Hg at 25°C*
Vapor density relative to air 1.492

Sources: HSDB 2020, °ChemIDplus 2020.

Ethylene oxide is available commercially in the United States as a
high-purity chemical containing no more than 0.03% water, 0.003%
aldehydes as acetaldehyde, or 0.002% acidity as acetic acid. It has
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been sold as a mixture with either carbon dioxide or fluorocarbon
12 to reduce its fire hazard (HSDB 2020).

Use

The major use of ethylene oxide in the United States (accounting for
over 97% of production) is as an intermediate in the production of
several industrial chemicals (IARC 1994, ATSDR 2020). The remain-
der is used in the gaseous form, either alone or combined with nitro-
gen, carbon dioxide, or dichlorofluoromethane, as a sterilizing agent,
disinfectant, fumigant, or insecticide. The largest use (about 60%) is
to produce ethylene glycol (antifreeze). Other chemicals produced
from ethylene oxide include non-ionic surfactants (used in indus-
trial applications, detergents, and dishwashing formulations), glycol
ethers, ethanolamines (used in soaps, detergents, and textile chem-
icals), diethylene glycol, triethylene glycol, polyethylene glycol, and
urethane polyols. Although a relatively small percentage of ethylene
oxide is used as a fumigant or sterilizing agent, these uses involve a
variety of facilities, products, and materials, including medical and
dental clinics, research laboratories, hospital equipment, foods, furs,
clothing, furniture, books, paper, leather, cosmetics, drugs, railroad
cars, beehives, and tobacco. Facilities that manufacture sterile dis-
posable medical supplies, and medical facilities, including hospitals,
medical and dental clinics, and private medical and dental surger-
ies, account for about 95% of the ethylene oxide used as a fumigant
or sterilant. In hospitals, ethylene oxide is used as a gaseous steril-
ant for heat-sensitive medical items, surgical instruments, and other
objects and fluids coming in contact with biological tissues. Before
1966, ethylene oxide was used as an intermediate in the production
of acrylonitrile.

Production

Ethylene oxide was first produced in the United States in 1921. Until
1937, it was produced by the chlorohydrin process, in which ethyl-
ene was treated with hypochlorous acid to produce ethylene chlo-
rohydrin, and calcium hydroxide or sodium hydroxide was used to
convert ethylene chlorohydrin to ethylene oxide. Essentially all U.S.
production of ethylene oxide now uses the direct vapor phase oxi-
dation process, by which ethylene is oxidized with air or oxygen in
the presence of a silver catalyst to produce ethylene oxide. In addi-
tion, ethylene oxide is produced naturally as a metabolite of ethyl-
ene and has been identified in automobile and diesel exhaust and in
tobacco smoke (IARC 1994).

Ethylene oxide is a major industrial chemical and is consistently
ranked among the 25 highest-production-volume chemicals pro-
duced in the United States. The national aggregate production vol-
ume of ethylene oxide reported to the U.S. Environmental Protection
Agency (EPA) for 2015 was between 5 billion and 10 billion pounds
(ATSDR 2020). In 2018, 15 U.S. processing plants produced about 6.4
billion pounds of ethylene oxide, and market demands are expected
to increase production capacity through 2023. U.S. imports were 3
million pounds in 2008, but fell to only about 500 1b by 2017 (USITC
2020). However, the United States imported about 2.6 billion pounds
of ethylene oxide derivatives (other chemicals and products derived
from ethylene oxide) and exported about 1.8 billion pounds of eth-
ylene oxide derivatives (ATSDR 2020). In 2017, at least 106 facilities
in 34 states produced, processed, or used ethylene oxide. As shown
in the following table, U.S. production of ethylene oxide in recent
years has greatly exceeded imports or exports.
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Category Year Quantity (Ib)
Production? 2015 5 billion to 10 billion
U.S. imports® 2017 505

U.S. exports® 2017 5.3 million

Sources: 2ATSDR 2020. "USITC 2020; data are for “oxirane (ethylene oxide)”

Exposure

A significant number of people living in the United States are exposed
to ethylene oxide, as evidenced by biological monitoring data and
by data on occupational and environmental exposure and exposure
through the use of consumer products. People are exposed to ethyl-
ene oxide in the workplace, in the environment, in tobacco smoke,
and through use of products that have been sterilized with the com-
pound, including medical products, food, clothing, cosmetics, and
beekeeping equipment (NIOSH 1981, ATSDR 2020). The primary
routes of potential human exposure to ethylene oxide are inhalation
and ingestion. Exposure by dermal contact is expected to be low un-
der most circumstances (IPCS 1985).

Biological Monitoring

In the 2015-2016 National Health and Nutrition Examination Sur-
vey (NHANES), the highest levels of ethylene oxide hemoglobin ad-
ducts were found in individuals who smoked cigarettes (as shown
in the table below) (CDC 2020). Adduct levels also differed by race
and ethnicity, being higher among Hispanic people and non-His-
panic black people than among non-Hispanic white people. Levels
were also higher in men than in women, and in children (aged 6 to
11) than in adults (aged 20 or older). These hemoglobin adduct levels
were similar to those reported in the 2013-2014 NHANES.

Mean (95% CI)

Sample (pmol/g of hemoglobin) Sample size
Smokers 186 (155-223) 377
Non-smokers 27.0 (25.4-28.7) 1,896
Non-Hispanic white 25.4 (23.4-27.7) 569
Non-Hispanic black 31.0 (29.3-32.7) 340
All Hispanic 28.3 (27.0-29.6) 654

Source: CDC 2020. Cl = confidence interval.

Occupational Exposure

Occupational exposure to ethylene oxide may occur among workers
involved in ethylene oxide production, in the manufacture of its end
products, or in its use in hospital and industrial sterilization (IARC
1994, ATSDR 2020). Industrial and health-care workers may be ex-
posed to ethylene oxide during sterilization of a variety of products,
such as medical equipment and products (e.g., surgical products or
single-use medical devices), disposable health-care products, phar-
maceutical and veterinary products, spices, and animal feed (IARC
1994).

In 2005, OSHA estimated that about 47,000 workers were em-
ployed in industrial sectors that used ethylene oxide and were there-
fore potentially exposed to ethylene oxide. These included 39,252
workers involved in hospital sterilization operations; 3,866 in chem-
ical derivative manufacturing; 2,694 in commercial sterilization by
manufacturers of medical and pharmaceutical products and food
spices, contract sterilizers, and other sterilization and fumigation
applications; and 1,151 in ethylene oxide production (OSHA 2005).

Because ethylene oxide is highly explosive and reactive, the equip-
ment used for its processing generally consists of tightly closed and
highly automated systems, which decreases the risk of occupational
exposure (NCI 1985). A review of exposure data collected in 1987
from 11 U.S. ethylene oxide production facilities reported that the
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highest mean 8-hour time-weighted-average (TWA) concentration
was 1.6 ppm, with a range of 0.20 to 3.8 ppm; mean short-term ex-
posure levels for maintenance workers were as high as 10.9 ppm
(IARC 1994, 2012).

In industrial and health-care use of ethylene oxide sterilization,
workers may be exposed during changing of pressurized ethylene ox-
ide gas cylinders; from leaking valves, fittings, piping, and sterilizer
door gaskets; from opening of the sterilizer door at the end of a cycle;
from improper ventilation at the sterilizer door; from an improperly
ventilated or unventilated air gap between the discharge line and the
sewer drain; during removal of items from the sterilizer and transfer
of the sterilized load to an aerator; from improper ventilation of aer-
ators and aeration areas; from incomplete aeration of items; from in-
adequate general room ventilation; and from passing near sterilizers
and aerators while they are operating. Health-care technicians can
be exposed to short, concentrated bursts of the gas when the door
of a sterilizing machine is opened (Sun 1986).

In a midwestern U.S. hospital’s central supply department, short-
term area ethylene oxide air concentrations were as high as 77 ppm,
and TWA personal exposure concentrations ranged from 0.23 to
0.56 ppm (ATSDR 2020). Ethylene oxide concentrations in the air
at two commercial sterilization facilities ranged from 0.7 to 32 ppm
in 15-minute samples and from 0.5 to 1.6 ppm in 8-hour samples
(ATSDR 2020). A survey of 21 companies involved in ethylene ox-
ide sterilization (primarily of medical supplies and spices) conducted
from 1976 to 1985 estimated that sterilizer operators were exposed to
8-hour TWA concentrations of 16 ppm before 1978 and 4 to 5 ppm af-
ter 1978 (IARC 1994). A set of nine air samples taken in 2019 and 2020
inside the scrubber room of a medical equipment sterilization facil-
ity had ethylene oxide concentrations ranging from 0.11 to 394 ppb
(MDEGLE 2020). The maximum 12-hour ethylene oxide exposure
for off-site workers in facilities near a commercial sterilization facility
in Willowbrook, Illinois, was estimated to be 5.0 ppb (ATSDR 2020).

A study conducted in Massachusetts hospitals from 1990 to 1992
found that 23% of the hospitals exceeded the OSHA action level of
0.5 ppm at least once, 24% exceeded the short-term exposure limit of
5 ppm, and 33% reported accidental exposures to ethylene oxide in
the absence of personal monitoring (LaMontagne and Kelsey 1997).
TWA concentrations for sterilization-room workers in five hospi-
tals ranged from less than 0.1 ppm to 4.3 ppm; peak exposure was
795 ppm (ATSDR 2020). However, other studies have shown that in-
dustrial hygiene measures can effectively control ethylene oxide ex-
posure in hospitals and other places where it is used as a sterilant.
An evaluation of nine sterilizer control systems in eight hospitals
found that control technologies could reduce the average ethylene
oxide concentration to less than 0.1 ppm for a full shift and the maxi-
mum concentration to within a ceiling limit of 5 ppm (Mortimer and
Kercher 1989). Another evaluation found that standard industrial hy-
giene practices could result in nearly zero exposure to ethylene ox-
ide in hospitals; peak levels were reduced from 500 ppm to less than
2.8 ppm through the use of engineering and administrative controls
(Elias et al. 1993).

Environmental Exposure

People who live near industrial facilities that produce or use ethylene
oxide may be exposed to emissions that occur during its storage and
handling at those facilities, including uncontrolled fugitive emissions
or venting with other gases (ATSDR 2020). Other sources of ethyl-
ene oxide emissions to air include its production during combustion
of hydrocarbon fuel, its release from fumigated materials, and losses
during disinfection of hospital equipment.

National Toxicology Program, Department of Health and Human Services
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Releases of ethylene oxide to the environment have steadily de-
creased from about 5 million pounds per year in 1988 to about
280,000 pounds per year in 2018, according to EPA’s Toxics Release
Inventory (TRI 2020). The 2018 releases were primarily to air (99%).
No specific solid wastes are produced in the manufacture of ethyl-
ene oxide (IPCS 1985). Ethylene oxide degrades in water and air with
half-lives ranging from a few hours to five months, depending on the
environmental conditions (ATSDR 2020). Conventional wastewater
treatment, including biological treatment, is very effective in remov-
ing ethylene oxide from wastewater.

Ambient air monitoring data come from several sources, includ-
ing the National Air Toxics Assessment (NATA), which uses data re-
ported to the TRI emissions database; other EPA datasets; and state,
local, and tribal air agencies. NATA estimated the mean national
ethylene oxide ambient air concentration to be 1.61 x 10* ppb, with a
measured maximum concentration of 0.079 ppb (ATSDR 2020). Av-
erage concentrations of ethylene oxide in national ambient air mon-
itoring samples from EPA’s National Air Toxics Trends Stations and
Urban Air Toxics Monitoring Program between October 2018 and
September 2019 ranged from 0.075 to 0.224 ppb (ATSDR 2020).

Using ethylene oxide emissions data to model risk estimates,
NATA found that in 2014, 58 U.S. census tracts had elevated cancer
risks (defined as greater than 100 in 1 million) from long-term expo-
sure to ethylene oxide (EPA 2018a,b, 2019). (The threshold ethylene
oxide concentration associated with elevated cancer risk = 0.011 ppb.)
EPA, state, and local agencies conducted follow-up air monitoring
and modeling for eight sites near specific industrial sources of ethyl-
ene oxide. Four sites (in Colorado, Georgia, and Illinois) were located
near 5 of the 58 census tracts identified as having potential excess
cancer risk, and four sites (in Georgia, Illinois, and Michigan) were
located near 11 census tracts that had not been identified as having
excess cancer risk. The results of this sampling are summarized in
the table on the next page.

The highest exposure levels were reported for the facility at Wil-
lowbrook, Illinois (mean = 1.68 ppm); this site was associated with a
lifetime cancer risk of 6.4 per 1,000 residents. Approximately 19,000
people lived within a mile of the plant boundaries (ATSDR 2018).

Most of the monitoring was conducted within one mile of the fa-
cilities (Lakewood, Colorado, and Willowbrook) or within less than
half a mile (three sites in Georgia). At three sites, ethylene oxide levels
decreased with distance from the facilities. At the Covington, Geor-
gia, site, the levels within a mile of the facility were over 10 times the
levels at greater distances (median of means = 2.28 vs. 0.135 ppb)
(Montrose 2019). The maximum levels in 24-hour samples taken at
two locations about 100 meters (109 yards) from the Willowbrook
facility were 14.5 and 9.5 ppb, compared with 0.096 ppb in a sam-
ple taken 1.7 km (about a mile) from the facility (ATSDR 2020). In
Waukegan, Illinois, a biomonitoring survey (N = 93) found that resi-
dents of a neighborhood about half a mile from a medical equipment
sterilization facility had average levels of ethylene oxide hemoglobin
adducts about 50% higher than those of residents living unreported
distances farther from the facility (50.1 vs. 29.8 pmol/g of hemoglo-
bin) (Goodman and Miller 2019).

Because of potential cancer hazards resulting from environmental
exposure to ethylene oxide, EPA issued a final rule under the Clean Air
Act to address emissions of ethylene oxide from storage tanks, pro-
cess vents, and equipment leaks and to reduce ethylene oxide emis-
sions from covered facilities by approximately 0.76 tons per year (see
Regulations and Guidelines).

Other methods to lower ambient ethylene oxide concentrations
and decrease cancer risk include closing facilities and installing emis-
sion-control measures. Following an order by the State of Illinois
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Ethylene oxide (range)
Sampling Dates of (ppb)
agency sampling median or mean across
Location (no. of samples) (duration) sampling sites or dates

Census tracts with potential excess cancer risk (>100 in 1 million)

Lakewood, (€] 2018 1.19(0.471-1.716)®
co (28) (7 days)? median of means
Covington, GA 2019-2020 0.21 (0.16-0.48)<¢
GA (121) (5mo) median of means
Waukegan, Lake Co. 2019-2020 0.0963 (ND-2.39)9
ILe (100) (11 mo)f median
Willowbrook, EPA 2018 1.68 (0.19-5.05)
IL (18) (2 days)" mean

EPA 2018-2019 0.145 (0.12-0.99)<

(265) (3 mo)® median of medians

Willowbrook 2019 2.0 (0.13-180)!
(40) (10 days)® median

Census tracts not identified as having potential excess cancer risk

Atlanta, GA 2020 0.62 (0.24-1.59)<™
GA (31) (4 mo) median of means
Smyrna, GA 2019-2020 0.19 (0.033-0.55)"
GA (90) (5 mo) median of means
Gurnee, Lake Co. 2019-2020 0.088 (ND-4.91)¢9
IL (343) (11 mo)f median
Waukegan, Lake Co. 2019-2020 0.086 (ND-5.6)¢
ILe (146) (11 mo)f median
Grand Rapids, Ml 2019-2020 0.214 (0.0656-1.82)°
M @ (7 mo) median

ND = Not detected.

2Before emission controls were installed (Lakewood) or before closure (Willowbrook).
PCDPHE 2018. “Reported in pg/m?; 1 ppb = 1.8 ug/m?. “GAEPD 2020b.

¢Facility was associated with 4 census tracts: 2 with elevated risk and 2 without.

Not consecutive. 9Lake County 2020. "12-hour sampling. 'ATSDR 2018.

iColledge and Johnson 2019. “Willowbrook 2019b.

'Median and range before plant closure calculated using closure dates provided by EPA.
MGAEPD 2020c. "GAEPD 2020a. °MDEGLE 2020.

suspending operations at the Willowbrook facility in February 2019,
regulatory and community concerns about environmental exposure
resulted in the facility’s permanent closure in September 2019 (Wil-
lowbrook 2019a), which resulted in substantial decreases in exposure
levels. Preliminary data from the Village of Willowbrook indicated
that median exposure levels were 2.0 ppm (range = 0.13 to 180 ppm)
prior to closing, 0.38 ppm (range = 0.09 to 3.3 ppm) after the facili-
ty’s suspension, and less than 0.040 ppm (range <0.040 to 5.0 ppm)
after the facility’s closure (Willowbrook 2019b). EPA also reported
decreases in exposure levels after the facility closed, though the mon-
itoring period, sample numbers, and measured concentrations dif-
fered from the Village’s measurements (Colledge and Johnson 2019).
The medical equipment sterilizing facility in Grand Rapids, Michi-
gan, also agreed to cease sterilization activities in January 2020 in re-
sponse to a consent order. The other sites for which monitoring data
are available continued operating into 2020. The Lakewood facility
installed emission-control devices, which reduced median ethylene
oxide concentrations by 70% (median of means = 0.36 ppb, range =
0.23 to 0.55 ppb) (CDPHE 2018).

Exposure from Consumer Products

Ethylene oxide has been detected in tobacco smoke, automobile ex-
haust, and some foods and spices; however, few data are available

National Toxicology Program, Department of Health and Human Services
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that can be used to estimate exposure levels. Fumigated products
may initially contain high levels of ethylene oxide, but it degrades
or disperses within a few days. One study found that ethylene oxide
levels in most experimentally fumigated commodities were less than
1 ppm after 14 days under normal storage conditions. Concentrations
of ethylene oxide in fumigated grains, spices, dates, and peas ranged
from 0 to 3.5 ppm after 24 hours. Another study reported concen-
trations in spices ranging from 53 to 116 ppm after 2 days and about
25 ppm after 26 days (ATSDR 2020).

Regulations

Coast Guard (Dept. of Homeland Security)

Minimum requirements have been established for safe transport of ethylene oxide on ships and barges.

Department of Transportation (DOT)

Ethylene oxide mixtures are considered hazardous materials, and special requirements have been set
for marking, labeling, and transporting these materials.

Environmental Protection Agency (EPA)

Clean Air Act

National Emission Standards for Hazardous Air Pollutants: Listed as a hazardous air pollutant. On May 29,
2020, EPA finalized amendments to the Miscellaneous Organic Chemical Manufacturing NESHAP
that include estimated ethylene oxide emission reductions of 0.76 tons per year.

New Source Performance Standards: Manufacture of ethylene oxide is subject to certain provisions for
the control of volatile organic compound emissions.

Prevention of Accidental Release: Threshold quantity (TQ) = 10,000 Ib.

Urban Air Toxics Strategy: 1dentified as one of 33 hazardous air pollutants that present the greatest
threat to public health in urban areas.

Comprehensive Environmental Response, Compensation, and Liability Act

Reportable quantity (RQ) = 11b.

Emergency Planning and Community Right-To-Know Act

Toxics Release Inventory: Listed substance subject to reporting requirements.

Threshold planning quantity (TPQ) = 1,000 Ib.

Reportable quantity (RQ) =10 Ib.

Federal Insecticide, Fungicide, and Rodenticide Act

The tolerances for residues of ethylene oxide when used as a fumigant on certain herbs and spices,
dried vegetables, and walnuts range from 7 to 50 ppm.

Resource Conservation and Recovery Act

Listed Hazardous Waste: Waste code for which the listing is based wholly or partly on the presence of
ethylene oxide = U115.

Listed as a hazardous constituent of waste.

Food and Drug Administration (FDA, an HHS agency)

Regulations for ethylene oxide and polymers and copolymers of ethylene oxide used as direct or
indirect food additives are prescribed under 21 CFR 172, 173,175, 176, and 178.

Occupational Safety and Health Administration (OSHA, Dept. of Labor)

While this section accurately identifies OSHA' legally enforceable PELs for this substance in 2018,
specific PELs may not reflect the more current studies and may not adequately protect workers.

Permissible exposure limit (PEL) = 1 ppm.

Acceptable peak exposure = 5 ppm (15-min excursion).

Comprehensive standards for occupational exposure to ethylene oxide have been developed.

Guidelines

American Conference of Governmental Industrial Hygienists (ACGIH)
Threshold limit value — time-weighted average (TLV-TWA) = 1 ppm.
National Institute for Occupational Safety and Health (NIOSH, CDC, HHS)

Recommended exposure limit (time-weighted-average workday) = < 0.1 ppm (0.18 mg/m?’).
Ceiling recommended exposure limit = 5 ppm (9 mg/m?) (10 min/day).

Immediately dangerous to life and health (IDLH) limit = 800 ppm.

Listed as a potential occupational carcinogen.
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