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5.1 OVERVI EW

Et hyl ene oxide is a gas used in the production of other synthetic
chem cal s such as ethylene glycol. Gaseous rel eases of ethyl ene oxide
to the environment are the result of uncontrolled industrial em ssions.
Less than 1% of the industrial production of ethylene oxide is used as a
fum gant and sterilizing agent for a variety of purposes and materials
whi ch include hospital equipnent and certain food.

Et hyl ene oxi de degrades in both the air and natural water via
radical formation and hydrolysis, leading to the formation of glycols,
and hal ogenated al cohols (in the presence of sodiumchloride), which in
turn degrade into sinpler nolecul es such as carbon di oxi de and wat er.
The half-lives of these reactions range froma few hours to | ess than 15
days, depending on environnmental conditions. UV-catal yzed oxidation (in
t he presence of oxygen and nitrogen di oxi de) may al so account for sone
of the ethylene oxide lost in the atnosphere. Ethylene oxide al so
degrades in wastewater treatnment systenms with a half-1ife of about 20
days.

No data are available on the fate of ethylene oxide in soil.
Nonet hel ess, this chemical is expected to either volatilize or be
| eached due to its high vapor pressure and infinite solubility in water.
Soi |l organisns may al so convert it to glycols.

Data on the levels of ethylene oxide in the environnent are very
limted. There are no data to indicate that ethylene oxide is a comon
constituent of air or water sources of any type in any geographic
location within the United States. Fumi gated foods and sterilized
hospital equi pnment nay have initially high |l evels of ethylene oxide,
whi ch di ssi pate and/ or degrade into other products within a few days.
There are no data on ethyl ene oxi de bioaccunul ation in marine organi sns.

No data are available to determ ne the general population's
exposure levels to ethyl ene oxide. Environnental exposures nay include
et hyl ene oxi de from car exhaust and tobacco snoke. The popul ations
with potentially higher than average risk of exposure to ethyl ene oxide
include sterilization technicians and industrial workers involved in the
manuf acture and/or use of ethyl ene oxide.

5.2 RELEASES | NTO THE ENVI RONMENT
5.2.1 Ar
Et hyl ene oxide is a synthetically produced gas used primarily in

t he production of other chenmicals by the chenmical industry. As a
result, nost of the releases of ethylene oxide to the atnosphere occur
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during its storage and handling in industrial settings. Industrial

em ssions of ethylene oxide are due to uncontrolled fugitive em ssions
or venting with other gases. Estinates of ethyl ene oxide |osses during
production range from1.3 to 3 million pounds (590 to 1,360 kkg) for
1978 and 1980, respectively, as reported in Bogyo et al. (1980). The
sane report indicated that | osses of ethyl ene oxide during storage night
have been about 143,000 pounds (65 kkg) annually.

O her sources of ethylene oxide air emissions include its
production from conbustion of hydrocarbon fuels and its rel ease from
commodi ty-funigated materials, estinmated to be about 10 million pounds
(4,500 kkg) annually (Bogyo et al. 1980), and | osses during disinfection
of hospital equipnent.

Addi tional nonquantified sources of air em ssion of ethylene oxide
may be bacterial degradation products, photochenical snmpg, cigarette
snoke and hydrocarbon conbustion (Bogyo et al. 1980). Barnard and Lee
(1972) and Bogyo et al. (1980) reported finding ethylene oxide in the
products of n-pentane conbustion, but specific concentrations were not
gi ven. EPA (1980) concl uded that because pentanes are found in
gasoline, significant anmounts of ethylene oxide are probably rel eased
annually into the atnosphere from aut onobil e exhaust.

VWHO (1985) reported that the estimted air em ssions due to
agricultural fum gation and disinfection of medical products were about
2% (about 53,000 tons or 48,000 kkg) of the total ethylene oxide
production, which was estimted at about 2.4 million tons (2.2 mllion
kkg) in the United States during 1980. The use of ethylene oxide in
hospitals was estimated to be | ess than 0.02% of the total United States
production, or about 500 tons (450 kkg) during 1976 (d aser 1979).

5.2.2 Water

Et hyl ene oxi de di scharges into water al so appear to be nostly

i ndustry-related. According to EPA (1982a), industrial producers of

et hyl ene oxide estinmated that about 800, 000 pounds of this conpound were
di scharged into wastewater treatnent systens each year in the United
States. EPA (1982a) also reported that ethylene oxide was not detected
in treated industrial wastewaters di scharged i nto waterways. WHO (1985)
al so indicated that biological treatnment of wastewaters containing

et hyl ene oxi de appears to be successful in the renoval of this chemca
fromreachi ng wat erways. Contract Laboratory Program (CLP) statistica
data from Novenber 1988 appear to verify this assertion. A review of
this data base indicated that of 5,300 water sanples collected from 862
sites, only two sites had sanples contam nated with ethyl ene oxi de,
including a surface water site with a concentration of 28 ug/L and a
groundwater site with 21 pg/L (nean of two sanples) (CLPSD 1988).
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5.2.3 Soil

No di scharges of ethylene oxide into the soil are reported in the
literature. Although ethylene oxide is a potent funmigant and will Kkill
fungi, viruses, and insects, it is not approved as a soil fum gant.
However, since ethylene oxide is infinitely soluble in water, it is
likely that the soil environnent is exposed to this chemcal as a result
of the atnospheric scrubdown of rainfall and some uncontrolled
di scharges of |iquid wastes containing this chemical. The Contract
Laboratory Program Statistical Database (CLPSD 1988) reported that only
six soil sanples collected fromfour different sites, out of 862 tota
sites, had quantifiable anmounts of ethylene oxide (nean: 22 ug/kg)
(CLPSD 1988) .

5.2.4 O her Sources

Solid or liquid wastes contai ni ng neasurabl e anounts of ethyl ene
oxi de, as defined in Part 261 of CFR 40 (1984), can be classified as
hazardous with ignitable and toxic properties. However, according to
Bogyo et al. (1980), no specific wastes containing | arge anounts of
et hyl ene oxi de associated with the manufacture of ethyl ene oxide have
been identified.

5. 3 ENVI RONMENTAL FATE
5.3.1 Transport and Partitioning

The prinmary node of transport of ethylene oxide is via air
em ssions into the atnosphere. At atnospheric pressure and room
tenperature, ethylene oxide exists as a gas due to its very high vapor
pressure (1,095 nmHg at 20°C) and | ow boiling point (10.4° C (WHO
1985).

The reported | og of the octanol/water partition coefficient (K,)
for ethylene oxide is -0.30 (Hansch and Leo 1979), indicating that
ethyl ene oxide is a very polar chemical. Fromits chenical and physica
properties, it can be inferred that ethylene oxide in soil wll
vol atilize as water evaporates, |each through the soil, or be renoved by
runoff during rainstornms. It is, therefore, unlikely that ethylene
oxide will accunulate in soils or sedinments. No data on the
accumul ation and/or fate of ethylene oxide in the soil environment are
avai | abl e.

EPA (1984b) indicated that there are no data on the bi oaccumul ation
of ethylene oxide in animal tissue.
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Al t hough et hyl ene oxi de dissolves in water in any proportion, it
al so has the tendency to escape (volatilize) due in part to its high
vapor pressure. Conway et al. (1983) reported that about 95% of
et hyl ene oxide mixed with water volatilizes within 4 hours (its half-life
is about 1 hour).

Et hyl ene oxide is used as a fum gant for sone food commodities.
The Environnental Protection Agency (198413) reported the use of ethyl ene
oxide to fumi gate cocoa, flour, dried fruits, dehydrated vegetabl es,
fish, and bone neal. However, Meister (1988) listed ethyl ene oxide as a
fum gant and sterilizing agent for only three food products: spices,
bl ack wal nuts and copra. Currently, EPA has set tol erances for residues
on these three itens (see Table 7-1).

5.3.2 Transformati on and Degradation
5.3.2.1 Air

There is Iimted information on the fate of ethylene oxide in the
at nosphere. EPA (1984b) reported that the nost probable path of
at mospheri c degradati on of ethylene oxide is oxidation via free-radical
formation, and estimated its half-life in air at 25°C to range from 69
to 149 days, based on data (rate constants and the concentration of CH
radi cal s) obtained by Fritz et al. (1982).

Et hyl ene oxide al so reacts with atnospheric oxygen in the presence
of nitrogen dioxide and Wlight. Studies by Goner and Noyes (1950)
i ndi cated that photocatal yzed chem cal deconposition of ethylene oxide
woul d result in the formation of methane, ethane, hydrogen, carbon
di oxi de, and sone snall er anounts of sinple al dehydes. Jaffe (1971)
exam ned et hyl ene oxi de deconposition products and postul ated that
et hyl ene oxide reacts with Wexcited nitrogen di oxi de nol ecul es,
eventually leading to the formati on of acetal dehyde, nethane, and carbon
di oxi de. According to EPA (1984b), neasurenents of the absolute rate
constant, determined to be about 6 x 10"'° cni/ nol e/ sec by Bogan and Hand
(1978) for the reaction between oxygen and et hyl ene oxi de at 27° C,
i ndi cate an et hylene oxide half-l1ife of about 1,400 years, assuning an
at nospheri c oxygen concentration of 25,000 nol ecul es/cni. Bogan and
Hand (1978) deternined the final products of oxygen-Wcatalyzed
et hyl ene oxi de oxidation to be hydrogen, water, carbon nonoxi de, carbon
di oxi de, and fornal dehyde. Joshi et al. (1982) deterni ned ethyl ene
oxide to have a low reactivity with atnmospheric nitrogen di oxi de under
Wradi ation and at 25° C. Using ethyl ene oxide:nitrogen dioxide ratios
simlar to those found in urban and rural air, these researchers
reported the ethylene oxide half-life to be nore than 53 hours.
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In sunmmary, the few avail abl e studi es on the phot odeconposition of
et hyl ene oxide in the atnosphere suggest that it undergoes neasurable
rates of degradation into sinpler products. However, |aboratory
estimates of the half-life of ethylene oxide in the atnosphere vary
wi del y.

5.3.2.2 Water

Et hyl ene oxi de hydrolyzes in water to form glycols (Long and
Pritchard 1956). Bogyo et al. (1980) reported the hydrolysis rate
constant (acid catalyzed) to be about 19.9 x 10° L/ nol-sec at 30° C
According to the sane report, all epoxides, including ethyl ene oxide,
can react with anions such as chloride and brom de in agueous sol utions,
form ng hal ogenat ed al cohols. Conway et al. (1983) determnined the
half-l1ife of ethylene oxide to range from 12 to 14 days in sterile,
dei oni zed and natural river water. They al so reported that increased
water salinity (up to 3% sodi um chloride) decreased the half-life of
ethyl ene oxide to 9 days (Conway et al. 1983), and produced et hanedi ol
and chl or oet hanol .

According to Anbar and Neta (1967), the degradati on of ethylene
oxide in water via hydroxyl radicals is very slow, with a conputed half-life
of about 50 years.

Conway et al. (1983) reported that the half-life neasurenents for
ethyl ene oxide in sterile and natural river water were not appreciably
different. This may be because hydrol yti c degradati on of ethyl ene oxide
is nmore rapid than bi odegradati on of this conpound in aqueous mnedi a.

5.3.2.3 Soil

No studi es on the degradati on of ethylene oxide in the soi
envi ronment have been | ocated. However, it is likely that ethylene
oxi de woul d be found in both the water and vapor phases of the soi
environment due to its high vapor pressure and very | ow octanol /water
partition coefficient. Thus, ethylene oxide in the soil is likely to
undergo at | east sonme degradation via the same types of nechani snms as
those that predonminate in aquatic environnents.

5.4 LEVELS MONI TORED OR ESTI MATED | N THE ENVI RONVENT
5.4.1 Ar

There is very little informati on on ethylene oxide levels in air,
but the data available indicate that ethylene oxide does not seemto be
a contaminant in anbient air. Hunt et al. (1986) conducted an air
guality survey in Texas during 1985 and 1986. Quarterly state and | ocal
air quality neasurenments indicated that ethyl ene oxi de was not detected
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at concentrations above the detection limt of 0.194 ng/m. These
authors al so reported that ethyl ene oxi de was not detected in a
comprehensive air quality survey in the state of California.

5.4.2 Water

There are very linmted data on the presence or absence of ethyl ene
oxide in water (drinking water supplies, groundwater, etc.) on a
national scale. EPA (1984b) reported a survey show ng ethyl ene oxi de at
a concentration of 2 ng/L in the effluent of a chemical plant in
Bandenbur g, Kentucky.

5.4.3 Soil

No data are available on the presence or absence of any significant

| evel s of ethylene oxide in soil. However, DeBont and Al bers (1976)
reported that ethylene oxide is produced by the netabolismof ethylene
by an et hyl ene-oxi di zi ng bacterium Also, ethylene is a relatively
common vol atil e hydrocarbon in wet soil, where it can be produced by
several species of fungi, bacteria, and actinomycetes (A exander 1977).
Therefore, small but constant |evels of ethylene oxide may be present in
soils under wet conditions. No data are avail able on ethylene oxide in
soils resulting fromuncontroll ed rel eases of ethyl ene oxide liquid
waste or from at nospheric depositions of any kind.

5.4.4 O her Media

Et hyl ene oxi de may be found in tobacco and sonme food as a result of

its use as a fumi gant and a sterilizing agent. The Farm Chenical s
Handbook (Meister 1988) lists ethyl ene oxide for use only as a fum gant
on three food products: spices, black wal nuts and copra. However,

et hyl ene oxi de may have been used (and may still be used) as a funi gant
for tobacco and sone cosnetics. Measurable amunts of ethyl ene oxide
were detected in both fum gated and unfum gated tobacco and its snoke;
t he et hyl ene oxi de concentration in snoke from unfum gated tobacco was
1 pug/g (Bogyo et al. 1980).

Resi dual ethyl ene oxi de may be found in foods tenporarily,
following fum gation. Scudanore and Heuser (1971) reported that
et hyl ene oxide may react with water and inorganic halides (chloride and
brom de) from foods and produce glycols and hal ohydrins. The sane
researchers concl uded that the persistence or disappearance of ethyl ene
oxide and its byproducts in fum gated compdities depends on the grain
size, type of foods, aeration procedures, temperature, and storage and
cooki ng conditions. According to Scudanmore and Heuser (1971), nost
experinmental |y fum gated commodities had | evel s of ethyl ene oxide bel ow
1 ppmafter 14 days in normal storage conditions. No residues of
et hyl ene oxide were found in conmercially fum gated flour or tobacco.
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Raj endran and Muthu (1981) reported that concentrations of ethyl ene
oxide in 24-hour aerated foods (wheat, rice, spices, dates and peas)
(following a 24-hour funigation period) ranged fromO to 3.5 ppm |ARC
(1976) indicated that food fum gated with ethyl ene oxi de generally had
negligible levels of ethylene oxide within a few hours after fum gati on,
due primarily to loss by volatilization. However, in spices, ethylene
oxide levels ranging from53 to 116 ng/kg (ppm and about 25 ng/kg (ppm
at 2 days and 26 days after fumigation, respectively have been reported
(WHO 1985).

5.5 CGENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

The general popul ation's exposure to ethyl ene oxide nay occur via
i nhal ati on and food ingestion. There is no information to indicate that
ethyl ene oxide is a common contani nant of drinking water supplies.

Since ethylene oxide is used as a sterilant and fum gant, the
potential |ocations of contaminated air include hospitals (ethylene
oxide is comonly used to sterilize nedical equipnent), l|ibraries,
museuns, and | aboratories. Sources include vapors fromcertain foods,
clothing, cosnetics, and beekeepi ng equi prrent (N OSH 1981).

Sources of exposure of the general population to ethyl ene oxide may

be the by-products of gasoline conbustion and cigarette snoke. There is
al so sone evidence that sone foods such as flour and spices retain
measur abl e et hyl ene oxi de and by-products several nonths after

fum gation. Ethylene oxi de exposure levels of the general popul ation

via air, water, or foods have not been found in the available literature
or fromnational surveys and have not been estimated.

Cccupational groups exposed to ethylene oxide include workers in
et hyl ene oxi de manufacturing or processing plants, sterilization
techni ci ans, workers involved in the funigation of foods, clothing, and
cosnetics, and indoor fum gators. OSHA (1988b) estimates that 67,728
wor kers were exposed to ethylene oxide in 1988. OSHA and ACA H have
establ i shed an 8-hour workshift exposure limt of 1 ppm (ACGEH 1986;
OSHA 1988b). However, NI OSH (1985b) recomends the exposure level to be
0.1 ppmor less over 8 hours, not to exceed 5 ppmfor nore than
10 minutes. The odor threshold of ethylene oxide in air is 430 ppm
(Amoore and Hautal a 1983), which is well above the OSHA PEL (1 ppm.
Thus, worker exposure to ethyl ene oxide can be deternined only through
routine air nonitoring.

Hospital workers and patients nay be exposed to residual |evels of
ethyl ene oxide fromthe sterilization of hospital equipnment. Sone
sterilized plastics may retain concentrations of ethylene oxide ranging
from3 to 443 ng/ kg (ppm even after seven days of aeration (WHO 1985).
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O her nedi cal equi pnent such as adhesive dressings and cotton wool pads
may al so retain ethylene oxide at 2 ng/kg (ppm) or less for 7 to 8 days
after sterilization (Dauvois et al. 1982).

5.6 POPULATI ONS W TH POTENTI ALLY HI GH EXPOSURES

Technicians involved in routine disinfection of nedical equipnent
in hospitals may be exposed to relatively high |l evels of ethyl ene oxide.
Studi es of worker exposures in five hospital sterilization roons in the
United States indicate that the tine-averaged exposures range fromless
than 0.1 to 4.3 ppm w th peaks as high as 795 ppm (Hansen et al. 1984).
Brugnone et al. (1985) have reported al veol ar concentrati ons of ethyl ene
oxide to be about 75% of the environnental concentrations of ethyl ene
oxide in a hospital sterilizing unit (0.1 to 7.8 ppm; the OSHA tinmewei ght ed-
average linmt is 1 ppmand the 15-minute excursion limt is
5 mm CQccupational exposure levels estimted by OSHA (1988b) range
from0.08 to 3.97 ppm (8-hour TWA) and 0.24 to 32.2 ppm (15-m nute) (see
Table 7-1).

According to Flores (1983), workers in chem cal manufacturing
plants in the United States may al so be exposed to high levels of
ethylene oxide in air; typical average daily exposure |evels ranging
from0.2 to 2.2 ppm were nmeasured during 1979. Sone isolated incidents
of very high (peak) worker exposures have al so occurred as a result of
pl ant breakdowns (Flores 1983; Thiess et al. 1981). It is expected that
occupati onal exposures will be reduced because of recent OSHA
regul ati ons (OSHA 1988b).

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Adm nistrator of EPA and agenci es and prograns of
the Public Health Service) to assess whether adequate information on the
health effects of ethylene oxide is avail able. Were adequate
information is not available, ATSDR, in conjunction with the NTP, is
required to assure the initiation of a programof research designed to
determ ne the health effects (and techni ques for devel opi ng nmethods to
determ ne such health effects) of ethyl ene oxide.

The followi ng categories of possible data needs have been
identified by a joint team of scientists from ATSDR, NTP, and EPA. They
are defined as substance-specific informational needs that, if net would
reduce or elimnate the uncertainties of human health assessnment. In
the future, the identified data needs will be evaluated and prioritized,
and a substance-specific research agenda will be proposed.
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5.7.1 ldentification of Data Needs

Physi cal and Chemical Properties. Ethylene oxide is commonly used
in the synthesis of many other products, and its basic physical and
chem cal properties are well known and docunented (see Chapter 3).
However, data on the properties related to its fate in the environnent
are less reliable or are totally | acking. For exanple, there are no
recent studies that verify the degradation rates of ethylene oxide in
air. Also, there is only one study, Conway et al. (1983), that provides
data on the rates of degradation and on water to air transfer of
et hyl ene oxide during the 1980s. There are no data on the fate and
transport of ethylene oxide in the soil environment. Since ethyl ene
oxide is a gas and a polar solute in water, these types of data are
particularly inportant for nedia with water-saturated or near saturated
conditions, such as landfills. Data on the rates of m crobi al
degradation and toxicity of ethylene oxide in soils are needed.

Producti on, Use, Release, and Disposal. Available production, use,
rel ease, and di sposal data indicate that nost ethyl ene oxide
manufactured in the United states is consuned in the synthesis of other
chem cal s. However, current quantitative data on the anounts of
et hyl ene oxide rel eased to the environment during ethyl ene oxide
production and use are sparse. This information would be hel pful in
evaluating the effect of industrial practices on environnmental |evels of
et hyl ene oxi de.

According to the Emergency Planning and Community Right to Know Act
of 1986 (EPCRTKA), (8313), (Pub. L. 99-499, Title Ill, 8313), industries
are required to subnmit release information to the EPA. The Toxics
Rel ease Inventory (TRI), which contains release information for 1987,
becane available in May of 1989. This database will be updated yearly
and should provide a nore reliable estimte of industrial production and
em ssi on.

Environnmental Fate. Data on the fate of ethylene oxide in the
at nosphere are limted. The half-life estimates of this chenical should
be refined and include neasurenents in the stratosphere. Since ethyl ene
oxi de has been shown to slowy react with oxygen, stratospheric
measur enments should al so include data on the potential inpact of
et hyl ene oxide on the ozone layer. Data on the fate of ethyl ene oxide
in the water environnment are available but are very limted. Mre
information i s needed on the rates of transport of ethyl ene oxide
between water and air. Al so, nore data on the rates of bi odegradation
of ethylene oxide in natural environments such as | akes, rivers,
groundwat er, and soil are needed. Data on the fate of ethylene oxide in
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the soil environment would be useful. Because all of the ethyl ene oxide
t hat does not degrade in the atnosphere eventually returns to the soil
and water, data on transport and degradati on of ethylene oxide would be
hel pful in determning its potential contam nation of water supplies.

Bi coavail ability from Environnental Media. Ethylene oxide has been
shown to be absorbed follow ng inhalation of contam nated air. However,
there are no data on absorption after oral or dermal admnistration of
this conpound. No information was | ocated on the bioavailability of
et hyl ene oxide fromcontam nated water, soil, or plant material. These
data woul d be useful in deternining potential exposure |evels for
organi sms (humans, animals, and plants) that may have contact with
et hyl ene oxide in these nedia.

Food Chai n Bi oaccumul ati on. WHO (1985) has concl uded that ethyl ene
oxide will not bioaccunmulate in animals since it is readily netabolized
via hydrol ysis and gl ut at hi one conjugation and excretion. This
concl usi on was based on the review of several studies in both humans and
animals (terrestrial and marine species). No data are available in the
literature that indicate that ethyl ene oxide bioaccurmulates in plants.
Research on the possi bl e nmechani snms of plant uptake, absorption and
assimlation of ethylene oxide would be useful since it may be a comon
and natural constituent in the soil environnent, as discussed in
Section 5.4.3, and because it is also an atnospheric pollutant.

Exposure Levels in Environnental Media. Neither environnental
nmoni tori ng nor background data are available for ethylene oxide in soil,
air, or water. Anbient concentrations of ethylene oxide are not known
in high density urban and industrial areas which have potentially |arge
sources of ethylene oxide such as car exhaust or point sources
(industrial). These data would be hel pful in determ ning the ambi ent
concentrations of ethylene oxide so that exposure estimtes can be nade
for the general popul ation.

Exposure Levels in Humans. Avail able data indicate that some work
envi ronments provi de continuous exposure to ethyl ene oxide at |evels
that may exceed OSHA regul ations. Data on other industrial workers such
as building and agricultural fumigators and construction workers woul d
be useful.

Esti mates of the exposure | evels of the general popul ation woul d
al so be hel pful.

Exposure Registries. No exposure registries for ethylene oxide
were | ocated. This conpound is not currently one of the conpounds for
whi ch a subregistry has been established in the National Exposure
Regi stry. The conmpound will be considered in the future when chem ca
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sel ection is made for subregistries to be established. The infornation
that is amassed in the National Exposure Registry facilitates the

epi dem ol ogi cal research needed to assess adverse health outcones that
may be related to the exposure to this conmpound.

5.7.2 On-going Studies

No on-going studies related to the potential for human exposure to
et hyl ene oxide were located in the available literature.






