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Mandate

The Rotterdam Convention on the Prior Informed Consent Procedure for Certain
Hazardous Chemicals and Pesticides in International Trade was adopted at the
Conference of Plenipotentiaries held in Rotterdam on 10 and 11 of September 1998. The
same Conference also adopted a Resolution on interim arrangements in order to operate
an interim PIC procedure between the time of the adoption of the Convention and its entry
into force, and to prepare for its effective operation once it enters into force.

Paragraph 7 of this Resolution decided that all chemicals that have been identified
for inclusion in the PIC procedure under the original PIC procedure but for which Decision
Guidance Documents have not yet been circulated before the date on which the
Convention is opened for signature will become subject to the interim PIC procedure as
soon as the relevant decision guidance documents have been adopted by the
Intergovernmental Negotiating Committee (INC).

At its 7th session, held in Geneva on 30 October to 3 November 2000, the INC thus
adopted decision guidance documents for ethylene dichloride and ethylene oxide (Decision
INC-7/2) with the effect that these chemicals became subject to the interim PIC procedure.

The present decision guidance document for ethylene oxide was communicated to
the Designated National Authorities on 1 February 2001 with the request that they submit a
response concerning the future import of the chemical to the Secretariat in line with Article
10, paragraph 2 of the Rotterdam Convention.

Disclaimer

The use of trade names in this document is primarily intended to facilitate the
correct identification of the chemical. It is not intended to imply any approval or disapproval
of any particular company. As it is not possible to include all trade names presently in use,
only a number of commonly used and published trade names have been included in this
document.

While the information provided is believed to be accurate according to data
available at the time of preparation of this Decision Guidance Document, the Food and
Agriculture Organization of the United Nations (FAO) and the United Nations Environment
Programme (UNEP) disclaim any responsibility for omissions or any consequences that
may flow therefrom. Neither FAO or UNEP shall be liable for any injury, loss, damage or
prejudice of any kind that may be suffered as a result of importing or prohibiting the import
of this chemical.

The designations employed and the presentation of material in this publication do
not imply the expression of any opinion whatsoever on the part of FAO or UNEP
concerning the legal status of any country, territory, city or area or of its authorities or
concerning the delimitation of its frontiers or boundaries.
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ABBREVIATIONS WHICH MAY BE USED IN THIS DOCUMENT

(N.B. Chemical elements and pesticides are not included in this list)

< less than

< less than or equal to

<< much less than

> greater than

> greater than or equal to

Mg Microgram

a.l. active ingredient

ACGIH American Conference of Governmental Industrial Hygienists
ADI acceptable daily intake

ADP adenosine diphosphate

ATP adenosine triphosphate

BBA Biologische Bundesanstalt fiir Land- und Forstwirtschaft
b.p. boiling point

Bw body weight

°C degree Celsius (centigrade)

CA Chemicals Association

CCPR Codex Committee on Pesticide Residues

CHO Chinese hamster ovary

D Dust

EC Emulsifiable concentrates

EC50 Effect concentration, 50%

ED50 Effect dose, 50%

EHC Environmental Health Criteria

ERL Extraneous residue limit

EU European Union

FAO Food and Agriculture Organization of the United Nations
g Gram

GAP Good agricultural practice

GL Guideline level




ABBREVIATIONS WHICH MAY BE USED IN THIS DOCUMENT
GR Granules

ha Hectare

L.m. Intramuscular

I.p. Intraperitoneal

IARC International Agency for Research on Cancer

IC50 Inhibition concentration, 50%;

IPCS International Programme on Chemical Safety

IRPTC International Register of Potentially Toxic Chemicals

IUPAC International Union of Pure and Applied Chemistry

JMPR Joint FAO/WHO Meeting on Pesticide Residues (Joint Meeting of the FAO Panel of

Experts on Pesticide Residues in Food and the Environment and a WHO Expert Group on
Pesticide Residues)

k Kilo- (x 1000)

kg Kilogram

Koc Organic carbon-water partition coefficient
I Litre

LCso Lethal concentration, 50%

LDso Lethal dose, 50%

LOAEL Lowest observed adverse effect level
LDwo Lowest lethal dose

LOEL lowest observed effect level

m Metre

m.p. melting point

mg Milligram

ml Millilitre

mPa MilliPascal

MRL maximum residue limit

MTD maximum tolerated dose

NCI National Cancer Institute

ng Nanogram

NIOSH National Institute of Occupational Safety and Health

NOAEL no-observed-adverse-effect level




ABBREVIATIONS WHICH MAY BE USED IN THIS DOCUMENT

NOEL no-observed-effect level

OoP organophosphorus pesticide

PHI pre-harvest interval

PIC prior informed consent

Pow octanol-water partition coefficient

POP persistent organic pollutant

ppm parts per million (used only with reference to the concentration of a pesticide in an

experimental diet. In all other contexts the terms mg/kg or mg/l are used).

RfD reference dose for chronic oral exposure
SBC secretariat for the Basel Convention

SC Soluble concentrate

SG water soluble granules

SL soluble concentrate

SMR standardized mortality ratio

STEL short term exposure limit

TADI temporary acceptable daily intake

TLV threshold limit value

TMDI theoretical maximum daily intake

TMRL temporary maximum residue limit

TWA time weighted average

UNEP United Nations Environment Programme
USEPA United States Environmental Protection Agency
uv Ultraviolet

VOC volatile organic compound

WHO World Health Organization

WP wettable powder

Wt Weight
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PIC - Decision guidance document for a banned or severely restricted chemical

Published: February 2001

Ethylene oxide

Common name Ethylene oxide (ISO)

Other names/ oxirane (CA, IUPAC); dihydrooxirene; dimethylene oxide; 1,2-epoxyethane; EO; ETO;
synonyms ethene oxide; oxane; o, 3-oxidoethane.

CAS-No. 75-21-8

Use category Pesticide

Use Ethylene oxide is a powerful alkylating agent. Its chemical reactivity makes it a widely

used intermediate in the chemical industry and an effective pesticide.
Ethylene oxide is reported for the following uses:

Industrial use: Virtually all ethylene oxide produced is used as an intermediate in the
production of various chemicals, including ethoxylates, ethylene glycol, ethanol-amines,
glycol-ethers, di-, tri- and polyethylene glycols and polyethylene terephthalate polyester.
Certain of these chemicals are used in the production of surfactants, antifreeze and
plastics for fibres, films and packaging materials.

Sterilant use: A small fraction of the total production of ethylene oxide, alone or in
combination with other inert gases such as carbon dioxide and nitrogen, is used to
sterilize instruments from the health care, publication and wood product sectors.
Ethylene oxide is used in other industries where heat sensitive goods are sterilized
(BUA, 1993).

Pesticide use: A small fraction of the total production of ethylene oxide is also used to
control insects and micro-organisms in fumigation of herbs and spices and for the
control of wool and fur pests. Limited uses are also reported for treatment of empty food
storage areas, food processing, preserving plants and shearing sheds. Previous uses
were largely limited to fumigation of stored products and storage facilities.

In Canada in 1996, 95 % of production was used in the manufacture of ethylene glycol.
An estimated 4 % was used in the manufacture of surfactants. In the US in 1976,
about 1% was used as an antimicrobial sterilant or as an insecticidal fumigant with less
than 0.02% (500000 kg) of the production used for sterilization in hospitals (Glaser,
1979; WHO, 1978)). In Belgium, an estimated 0.07% of the total consumption of
ethylene oxide (120000 kg) in 1980 was used in the health care and medical products
industries (Wolfs et al., 1983).

Trade names Anprolene; Melgas; Merpal; SterigasP (pure products); Carboxide; Cartox; Etox;
Oxyfume 20; 30; Sterigas 90/10; Steroxide 20; T-gas (formulations with carbon dioxide);
Oxyfume 12; Sterigas 12/88; Steroxide 12/88 (formulations with fluorocarbons); Etoxiat;
Amprolene; Anproline.

Formulation Liquefied gas.

types

Basic Belco Resources, Inc.
manufacturers

PIC - Decision guidance document 1
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Reasons for inclusion in the PIC procedure

Ethylene oxide is included in the PIC procedure based on reported bans and severe restrictions on its use as
an agricultural pesticide. No control actions have been reported relating to its sterilant or industrial uses.
Inclusion was recommended at the eighth meeting of the FAO/UNEP Joint Group of Experts on Prior Informed
Consent.

Summary of control actions (see Annex 2 for details)

Control actions have been reported by 7 countries and the European Union. In 6 countries (Austria, Belize,
Germany, Slovenia, Sweden, United Kingdom) ethylene oxide was reported as banned for pesticide use.
China reported that its use as a pesticide has been restricted to the fumigation of empty storehouses,
containers and cabins. In the European Union, pesticidal use for the control of wool and fur pests and
industrial uses are still allowed. Concern about the effects of the substance on human health, especially
addressing carcinogenicity, is reported as the reason for the control actions by most countries.

Hazard classification by organization

WHO Gaseous or volatile fumigant not classified under the WHO recommended classification of
pesticides by hazard (IPCS , 1998-1999)

EPA Group B1 (probable human carcinogen). (USEPA, 1998)

EU Toxic; carcinogen, cat. 2; mutagen, cat. 2 (classification in accordance with Directive

67/548/EEC on the approximation of the laws, regulations and administrative provisions
relating to the classification, packaging and labelling of dangerous substances, 12 ATP,
1991)

IARC Group 1 ( carcinogenic to humans). (IARC, 1994)

Protective measures that have been applied concerning the chemical

Measures to reduce exposure

Workplace controls are considered preferable to personal protective equipment. For some work, however,
(such as outside work, confined space entry, work done only sporadically, or work done while workplace
controls are being installed), personal protective equipment may be appropriate.

The following recommendations are only guidelines and may not apply to every situation:

Avoid skin contact with ethylene oxide. Wear protective gloves and clothing. Safety equipment
suppliers/manufacturers can provide recommendations on the most suitable protective glove/clothing material
for your operation.

All protective clothing (suits, gloves, footwear, headgear) should be clean, available each day, and put on
before work. Hoechst Celanese et al. (1995) recommend chlorinated polyethylene, a synthetic rubber, as a
protective material. Improper use of respirators is dangerous. Such equipment should only be used if the
employer has a written programme that takes into account workplace conditions, requirements for worker
training, respirator fit testing and medical exams. At any exposure level, use an approved supplied-air
respirator with a full face-piece operated in the positive pressure mode or with a full face- piece, hood or
helmet in the continuous flow mode, or use an approved self-contained breathing apparatus with a full face-
piece operated in pressure-demand or other positive pressure mode.

PIC - Decision guidance document 2
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Proper personal protective equipment should be used whenever there is a potential for ethylene oxide
exposure. Protective clothing should be suitable for ethylene oxide service. Many glove and suit materials
are permeated by ethylene oxide and do not provide adequate protection. Even dilute solutions of ethylene
oxide can cause severe chemical burns.

Exposure to 800 ppm is immediately dangerous to life and health. If the possibility of exposure above 800
ppm exists, use an approved self-contained breathing apparatus with a full face-piece operated in continuous
flow or other positive pressure mode (New Jersey Department of Health and Senior Services, 1994).

Spilled ethylene oxide should either be allowed to evaporate or be diluted with water 22:1 in an open area and
100:1 in closed area to eliminate a fire hazard.

Ethylene oxide is heavier than air and can travel across the ground and reach a remote source of ignition
causing a flashback fire danger. Dangerous polymerisation can occur on contact with highly catalytic
surfaces.

Packaging and labelling

Follow the FAO Revised Guidelines on Good Labelling Practice for Pesticides (1995).

The United Nations Committee of Experts on the Transportation of Dangerous Goods classifies the chemical
in:

Hazard class 2.3

Packing: Prevent contamination of packing material. Ethylene oxide can react violently with
metals such as copper, silver, magnesium and their alloys, acids, organic bases,
ammonia and many other materials.

Protect containers against physical damage, check for leakage intermittently. Store
in distant outdoor tank or container protected from direct sunlight, lined with
insulating material, equipped with an adequate refrigeration and water system.
Indoor storage should be restricted to small quantities. Place material in a
combustible liquid cabinet which is fireproof in conformity with regulations (ITII,
1988).

Alternatives

No alternatives were reported by notifying countries.

Alternatives for stored products include chemical fumigants (aluminium phosphide, sulphur dioxide), inert
gases such as carbon dioxide, irradiation, heat and cold treatment.

It is essential that before a country considers substituting any reported alternatives, it ensures that the use is
relevant to its national needs.

Waste disposal

Waste should be disposed of in accordance with the provisions of the Basel Convention on the Control of
Transhoundary Movements of Hazardous Wastes and Their Disposal, any guidelines thereunder (SBC, 1994)
and any other relevant regional agreements.

See the FAO Guidelines on Prevention of Accumulation of Obsolete Pesticide Stocks (1995), and The
Pesticide Storage and Stock Control Manual (1996).

Wear protective clothing and respiratory equipment suitable for hazardous materials.

Ethylene oxide is highly flammable. Incineration is not an option. Ethylene oxide disposal should only be
handled by someone with appropriate knowledge of ethylene oxide properties.
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It should be noted that the methods recommended in literature are often not suitable in a specific country.
Consideration should be given to the use of alternative destruction technologies.

Exposure limits

Type of limit Value
Food MRLs (Maximum Residue Limits in mg/kg) in specified | No MRLs allocated.
products (FAO/WHO 1969).
JMPR ADI (Acceptable Daily Intake) in mg/kg diet | No ADI allocated.
(FAO/WHO 1969).
Workplace USA (Occupational Safety and Health Agency)
8 hour TWA (permissible exposure limit) 1 ppm PEL
15 minute short-term exposure limit 5 ppm STEL
USA TLV-TWA (Threshold Limit Value, Time-Weighted
Average) (ACGIH, 1999). 1ppm (1.8mg/m?3)

First aid

First aid: Move victim to fresh air. Call emergency medical care. Apply artificial respiration if victim is not
breathing. Do not use mouth-to-mouth method if victim ingested or inhaled the substance; induce artificial
respiration with the aid of a pocket mask equipped with a one-way valve or other proper respiratory medical
device. Administer oxygen if breathing is difficult. Remove and isolate contaminated clothing and shoes. In
case of contact with substance, immediately flush skin or eyes with running water for at least 20 minutes. In
case of contact with liquefied gas, thaw frosted parts with lukewarm water. Keep victim warm and quiet. Keep
victim under observation. Effects of contact or inhalation may be delayed. Ensure that medical personnel are
aware of the material(s) involved, and take precautions to protect themselves. (U.S. Department of
Transportation, 1996).

Annexes

Annex 1 Further information on the substance
Annex 2 Details on reported control actions
Annex 3 List of designated national authorities

Annex 4 References
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Annex 1 - Further information on the substance

1 Chemical and physical properties

1.1 Identity
1.2 Formula

Chemical
name

Chemical
type

1.3 Solubility
logPow

1.4  Vapour
pressure

1.5  Melting point
1.6 Boiling point
1.7 Flammability
1.8 Reactivity

2 Toxicity

2.1  General
2.1.1 Mode of action

2.1.2 Uptake

2.1.3 Metabolism

Ethylene oxide is a colourless, flammable gas.
C2H40
Oxirane (CA)

Epoxide

Miscible with water and most organic solvents.
-0.30 (Hansch and Leo, 1995)
146 kPa at 20°C (WHO, 1985)

-111 °C (Budavari, 1989)
11°C
Flammability in air is from >3% volume. The flash point is -20°C.

It is a highly reactive chemical.

Ethylene oxide forms macromolecular adducts with proteins and nucleic acids.
Targets in proteins are the amino acids cysteine, histidine and valine (if N-
terminal, as in haemoglobin). The major DNA adduct is 7-(2-hydroxyethyl)-
guanine (Bolt et al., 1988). Ethylene oxide is electrophilic and has direct
alkylating effect on proteins and nucleic acids. It disperses rapidly and relatively
uniformly in the organism. Consequently, all tissue can be reached in theory and
thus be exposed to the alkylating properties of ethylene oxide. The fact that
gamete-producing cells are also exposed has been demonstrated (BUA, 1993).

In mice inhalation studies ethylene oxide has been demonstrated to be very
soluble in blood. Pulmonary uptake is expected to be fast and to depend only on
the alveolar ventilation rate and the concentration of ethylene oxide in the
inspired air (Ehrenberg et al., 1974). Ethylene oxide is readily absorbed by oral,
dermal and inhalatory routes and distributes itself in all tissues via the blood
stream (BUA, 1993).

Available animal data indicate two possible pathways for the metabolism of
ethylene oxide, i.e., hydrolysis and glutathione conjugation. Within 24 hours, 7-
24% of the dose applied to dogs was excreted in the urine as 1,2-ethanediol
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2.2
221

222

(Martis et al., 1982 in WHO, 1985).

In the serum of 18 workers occupationally exposed to ethylene oxide, the blood
concentration of 1,2-ethanediol was found to be elevated compared with that in
unexposed controls (Wolfs et al., 1983).

The results of studies on rats, rabbits and monkeys have shown that some 1,2-
ethanediol is metabolized but that most is excreted unchanged in the urine
(Gessner et al., 1961; McChessney et al., 1971 in WHO, 1985).

Known effects on human health

Acute toxicity

Symptoms of Respiratory tract irritation was reported as hoarseness (Thiess, 1963) and
poisoning  coughing in 5 cases after acute accidental exposure to ethylene oxide vapour

Short and long-
term exposure

(Metz, 1939 in WHO, 1985).

Acute effects on the nervous system in nearly all inhalation cases were marked
by nausea, recurrent vomiting and headache. Less frequently reported effects
included decreased consciousness (one case of coma), over-excitement,
sleeplessness, muscular weakness, diarrhoea, and abdominal discomfort
(Blackwood and Erskine, 1938, Metz, 1939, Capellini and Ghezzi, 1965 in WHO,
1985; Thiess, 1963). Accidental skin exposure resulted in effects on the nervous
system, such as nausea and repeated vomiting (Sexton and Henson, 1949).
Accidental exposure of the eyes to the vapour of ethylene oxide can lead to
conjunctivitis (Thiess, 1963; Joyner, 1964). Exposure of 12 men via a leaking
sterilizer resulted in neurological disorders (Gross et al., 1979, Jay et al., 1982 in
WHO, 1985).

In 4 young men exposed intermittently for 2 - 8 weeks to ethylene oxide
(because of a leaking sterilizer) at levels of approximately 1000 mg/ms,
reversible peripheral neuropathy showing abnormal nerve conduction,
headache, weakness and decreased reflexes in the extremities, lack of co-
ordination, and a wide-based gait and a reversible acute encephalopathy with
headache, nausea, vomiting, lethargy, recurrent motor seizures, agitation and a
diffusely slow electroencephalogram were observed (Gross et al., 1979 in WHO,
1985).

Polyneuropathy was also reported in 3 sterilizer operators (Kuzuhara et al., 1983
in WHO, 1985).

In a study from the USSR it was reported that pregnancy toxaemia in the latter
half of pregnancy and other complications were higher in operators (14.7%)
exposed to a maximum concentration level of 1 mg/m3 and laboratory workers
(9.9%) than in administrative staff (4.6%) and outside controls (8%). However,
the primiparae among the operators lost less blood perinatally than those in the
other groups. Spontaneous abortion occurred in 10.5% of operators, 7.9% of
laboratory workers and in 7.7% of administrative staff. Findings in this study do
not indicate any unequivocal adverse effect of ethylene oxide exposure at these
concentrations on the outcome of pregnancy (Yakubova et al., 1976).

An increase in chromosomal aberrations was found in the lymphocytes of
workers sterilizing medical equipment in hospitals or factories (Abrahams, 1980;
Pero et al., 1981; Hogstedt et al., 1983). A 50% increase in aberration rate was
found in workers exposed to ethylene oxide for 0.5-8 years. The mean number
of micronuclei in the bone marrow cells of 64% of these workers was 3 times
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higher than in the controls (Hogstedt et al., 1983).

A statistically significant correlation was found between sister chromatid
exchange frequency and the level of ethylene oxide, as well as a multiple
correlation between sister chromatid exchange frequency and ethylene oxide
exposure, smoking and age (Sarto et al., 1984). In the USA, the sister chromatid
exchange frequencies in the lymphocytes of 61 sterilization workers involved in
sterilizing health-care products, were monitored over a period of 2 years and
compared with those of 82 unexposed controls. During the study period, 8-hour
Time-Weighted-Average (TWA) exposure was reported to be less than 1.8
mg/m3. Prior to the start of the study, 8-hours TWA ranged between 0.9 and 36
mg/m3. In the USA, workers exposed to low levels of ethylene oxide, such as
those at a worksite with 8-h time-weighted-average ethylene oxide levels below
1.8 mg/m? prior to and during the study, did not show increased frequencies of
sister chromatid exchange. Workers who had been exposed to levels of 5-36
mg/m3 prior to the study showed an increased frequency of sister chromatid
exchange; results were adjusted for smoking habits, sex and age (Stolley et al.,
1984).

Samples of blood were collected from a group of plant workers engaged in the
manufacture of ethylene oxide for periods of up to 14 years, and also from a
group of control personnel matched by age and smoking habits. Peripheral blood
lymphocytes were cultured for cytogenetic analysis. Selected immune and
haematological parameters were also investigated. The results of these studies
showed no statistically significant difference between the group of plant workers
and the control group in respect to any of the biological parameters investigated
in this study. Nevertheless, duration of employment in ethylene oxide
manufacturing was positively correlated (p< 0.05) with the frequency of
chromosome breaks and with the percentage of neutrophils in a differential white
blood cell count, and negatively correlated (p< 0.05) with the percentage of
lymphocytes. As the values of these parameters remained within the normal
limits of control populations, the correlations were considered to have no
significance for health. (Van Sittert et al., 1985).

A study was made of the effects of ethylene oxide on the health of sterilizer
workers and other personnel exposed while using ethylene oxide for sterilization
of disposable medical devices. The only significant findings were obtained by
chromosomal analysis of cultured lymphocytes harvested from the workers.
There were significant differences in the numbers and types of chromosomal
aberrations between the exposed workers and the nonexposed controls
(Richmond et al., 1985).

The sister chromatid exchange rate in lymphocytes was not increased in groups
of 28 and 14 sterilization workers exposed to 8-hour time-weighted averages
below 1.8 mg/m? for 2.5 years before the study (Hogstedt et al., 1983) and below
8 mg/m3 (Hansen et al., 1984), respectively. Increases in sister chromatid
exchange rate were found in 4 other studies on sterilization workers (Garry et al.,
1979, Abrahams, 1980, Yager and Benz, 1983, Laurent et al., 1984 in WHO,
1985). In a study on 41 sterilization workers in 8 hospitals in Italy, increases in
both sister chromatid exchanges and in chromosomal aberrations were detected
in lymphocytes of workers exposed to 8-hour time-weighted averages of either
0.63 mg/m3 or 19.3 mg/m3 (Sarto et al., 1984).
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Epidemio-
logical studies

DNA repair inhibition was positively correlated with duration of exposure (Pero et
al., 1981). In 7.1% male workers, an increase in chromosomal aberration rate
was found that was significant for the workers exposed for more than 20 years,
but not for those accidentally exposed or exposed for average periods of 12 to
17 years (Thiess et al., 1981).

In a Swedish study on ethylene oxide exposure (Hogstedt et al., 1979a) two
cases of leukaemia appeared among 68 females working in a small factory
sterilizing hospital equipment with a mixture of ethylene oxide and methyl
formate. A third case of 1 male was attributed to the possible exposure to other
carcinogens (e.g. benzene). The concentration of ethylene was in the range of
3.6-128 mg/m3, and the 8-hour time-weighted average in the breathing zone was
calculated to be between 36 + 18 mg/m?3.

A second Swedish study to investigate the carcinogenic effects of ethylene oxide
was conducted on 241 male workers in an ethylene oxide-producing plant.
Twenty-three deaths occurred during the 16-year observation period dating from
1961-1977 (13.5 expected). The excess mortality was due to cancer and
cardiovascular disease. Three cases of stomach cancer (0.4 expected) and 2
cases of leukaemia (0.14 expected) accounted for the excess mortality from
cancer. No increase in mortality was observed among 66 unexposed controls.
Average exposure levels were estimated to be below 25 mg/m3 (Hogstedt et al.,
1979b).

The ethylene oxide was manufactured by the chlorohydrin process so that
significant exposure to other chemicals such as 1,2-dichloroethane, ethylene,
ethylene-chlorohydrin and bis(2-chloroethyl) ether might have occurred. This
investigation was followed up by a study that extended the period of observation
up to 1982. During the 20-year period of observation, a total of 17 cases of
cancer were notified to the Cancer Registry against 7.9 expected (Hogstedt et
al., 1984 in WHO, 1985).

In a similar study in the USA, 767 male workers were exposed to ethylene oxide
in a producing plant. Concentrations of ethylene oxide were reported to be below
18 mg/m3. There were 46 deaths against 80 expected deaths (IARC, 1994).

Workers who had been employed for more than one year by a company
producing ethylene oxide had been studied from 1960-1961. No significant
differences had been found between workers permanently working in the
ethylene oxide manufacturing area, those who had previously worked in this
area, those working there intermittently and a further group who had never
worked in ethylene oxide production. However, a subgroup of individuals with
high exposure had decreased haemoglobin concentrations and significant
lymphocytosis. When workers were followed up from 1961-1977, those who had
been exposed full-time to ethylene oxide production showed a considerably
excess mortality, this being mainly due to an increased incidence of leukaemia,
stomach cancer and diseases of the circulatory system. Although malignancies
could not be linked to any particular chemical associated with ethylene oxide
production it was considered that ethylene oxide and ethylene dichloride,
possibly together with ethylene chlorohydrin or ethylene, were the causative
agents (Reynolds and Prasad, 1982).

A multi-centre cohort study was carried out to study the possible association
between exposure to ethylene oxide and cancer mortality. The cohort consisted
of 2658 men from eight chemical plants of six chemical companies in the
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Federal Republic of Germany who had been exposed to ethylene oxide for at
least one year between 1928 and 1981. The number of subjects in the separate
plants varied from 98 to 604. By the closing date of the study (31 December
1982) 268 had died, 68 from malignant neoplasms. For 63 employees who had
left the plant (2.4%) the vital status remained unknown. The standardized
mortality ratio for all causes of death was 0.87 and for all malignancies 0.97
compared with national rates. When local state rates were used the standardized
mortality ratio were slightly lower. Two deaths from leukaemia were observed
compared with 2.35 expected standardized = 0.85. Standardized mortality ratios
for carcinoma of the oesophagus (2.0) and carcinoma of the stomach (1.38)
were raised but not significantly. In one plant an internal "control group” was
selected matched for age, sex, and date of entry into the factory and compared
with the exposed group. In both groups a "healthy worker effect" was observed.
The total mortality and mortality from malignant neoplasms was higher in the
exposed than in the control group; the differences were not statistically
significant. There were no deaths from leukaemia in the exposed group and one
in the control group (Kiesselbach et al., 1990).

In the Federal Republic of Germany, 602 workers were investigated for mortality
experience during the period 1928-1980. A subcohort of 351 workers was
observed for more than 10 years. Control data came from a styrene plant and
from national statistics. Exposure to ethylene oxide had normally remained
below 9 mg/m3. No information concerning the use of personal protective
equipment was given. The workers were also exposed to many other chemicals.
Exposure episodes to ethylene oxide concentration above the background level
were also observed. There were 56 deaths compared with 76.6 expected.
Fourteen deaths from cancer against 16.6 expected. In the subcohort of 351
workers, there was a significant increase in mortality rate due to kidney disease
(3 against 0.4 expected) (Thiess et al., 1981).

A retrospective cohort study was conducted to examine the mortality experience
of 2174 men employed between 1940 and 1978 by a large chemical company
and who had been assigned to a chemical production department that used or
produced ethylene oxide. Comparisons were made with the general United
States population, the regional population, and with a group of 26965 unexposed
men from the same plants. Comparisons with general United States death rates
showed fewer deaths than expected in the ethylene oxide group due to all
causes and for total cancers. There was no statistically significant excess of
deaths due to any cause. Seven deaths each due to leukaemia and pancreatic
cancer were observed with 3.0 and 4.1 deaths expected. Among the subcohort
of men who worked where both average and peak exposure levels were
probably highest, however, one death due to pancreatic cancer (0.9 expected)
and no deaths due to leukaemia were observed. Four of the seven who died
from leukaemia and six of the seven died from pancreatic cancer had been
assigned to the chlorohydrin department where the potential for exposure to
ethylene oxide is judged to have been low. The relative risk of death due to
each disease was strongly related to duration of assignments to that department.
When men who worked in the chlorohydrin department were excluded, there was
no evidence for an association of exposure to ethylene oxide with pancreatic
cancer or leukaemia. Together with the failure to show independent ethylene
oxide associations, the chlorohydrin department results suggest that leukaemia
and pancreatic cancer may have been associated primarily with production of
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ethylene chlorohydrin or propylene chlorohydrin, or both. These results
emphasize the importance of examining additional concurrent asynchronous
exposure among human populations exposed to ethylene oxide (Greenberg,
1990).

A cohort study was carried out of mortality among 2876 men and women
exposed to ethylene oxide during its manufacture and use in England and
Wales. The study cohort included employees from three companies producing
ethylene oxide and derivative compounds such as polyethylene glycols and
ethoxylates, from one company that manufactured alkoxides from ethylene oxide
and from eight hospitals with ethylene oxide sterilizing units. While industrial
hygiene data were not available before 1977, since then the time weighted
average exposure has been less than 5 ppm in almost all jobs and less than 1
ppm in many. Past exposure was probably somewhat higher. In contrast to
other studies, no clear excess of leukaemia was noted (three deaths occurred
versus 2.09 expected), and no increase in the incidence of stomach cancer (five
deaths occurred versus 5.95 expected) was observed. This lack of consistency
with the results of earlier studies may be due to differences in exposure levels.
Total cancer mortality was similar to that expected from national and local death
rates from this disease. Small excesses were noted in some specific cancers,
but their relevance to ethylene oxide exposure was doubtful. No excess of
cardiovascular disease was found. While the results of this study did not
exclude the possibility that ethylene oxide is a human carcinogen, they
suggested that any risk of cancer from currently permitted occupational
exposure is small (Gardner, 1989).

Mortality from cancer among workers exposed to ethylene oxide has been
studied in 10 distinct cohorts that include about 29800 workers and 2540 deaths.
The study presents a review and meta-analysis of these studies, primarily for
leukaemia, non-Hodgkin's lymphoma, stomach cancer, pancreatic cancer, and
cancer of the brain and nervous system. The magnitude and consistency of the
standardized mortality ratios (SMRs) were evaluated for the individual and
combined studies, as well as trends by intensity or frequency of exposure, by
duration of exposure, and by latency (time since first exposure). Exposure to
other workplace chemicals were examined as possible confounder variables.
Three small studies initially suggested an association between ethylene oxide
and leukaemia, but in seven subsequent studies the SMRs for leukaemia have
been much lower. For the combined studies the SMR = 1.06 (95% confidence
interval (95% CI) 0.73-1.48). There was a slight suggestion of a trend by
duration of exposure (p = 0-19) and a suggested increase with longer latency (p
= 0.07), but there was no overall trend in risk of leukaemia by intensity or
frequency of exposure; nor did a cumulative exposure analysis in the largest
study indicate a quantitative association. There was also an indication that in
two studies with increased risks the workers had been exposed to other potential
carcinogens. For non-Hodgkin's lymphoma there was a suggestive risk overall
(SMR = 1.35, 95% CI 0.93-1.90). Breakdowns by exposure intensity or
frequency, exposure duration, or latency did not indicate an association, but a
positive trend by cumulative exposure (p = 0.05) was seen in the largest study.
There was a suggested increase in the overall SMR for stomach cancer (SMR =
1.28, 95% CI 0.98-1.65) (CI 0.73-2.26) when heterogeneity among the risk
estimates was taken into account, but analyses by intensity or duration of
exposure or cumulative exposure did not support a causal association for
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stomach cancer. The overall SMRs and exposure-response analyses did not
indicate a risk from ethylene oxide for pancreatic cancer (SMR = 0.98), brain and
nervous system cancer (SMR = 0.89), or total cancer (SMR = 0.94). Although
the current data do not provide consistent and convincing evidence that ethylene
oxide causes leukaemia or non-Hodgkin's lymphoma, the issues are not
resolved and await further studies of exposed populations (Shore,1993).

2.3 Toxicity studies with laboratory animals and in vitro systems

2.3.1 Acute toxicity

oral The LDs for ethylene oxide, administered orally and dissolved in water, were
330 mg/kg body weight for male rats and 280 and 365 mg/kg body weight for
female and male mice, respectively (Smyth et al., 1941, Woodard and Woodard,
1971 in WHO, 1985).

1,2-ethanediol, a metabolite, is less toxic: LDso for rat were above 10 000 mg/kg
body weight, after oral administration, and 5210 mg/kg body weight, after
intravenous administration (Woodard and Woodard, 1971 in WHO, 1985).

After oral administration to rats, the difference between 0.1% mortality (325
mg/kg) and 99.9% mortality (975 mg/kg) was approximately 650 mg/kg body
weight (Smyth et al., 1941 in WHO, 1985).

Dermal Thirty 8-week old female icr/ha Swiss mice were painted thrice weekly on clipped
dorsal skin with approximately 0.1 ml of 10% solution in acetone for life-time.
Median survival time was 493 days; no skin tumors were observed. (IARC,
1976).

Inhalation After inhalation, the 4-hour LCso were 1500 and 1730 mg/m? for mouse and dog,
respectively, and 2630 mg/m? for rat (Jacobson et al., 1956 in WHO, 1985).

After inhalation for 4 hours, this difference was approximately 3000 mg/mé, in
mice, and approximately 5000 mg/m? in rats. No deaths occurred in dogs at
1280 mg/m? (Jacobson et al., 1956 in WHO, 1985). In another study, no guinea
pigs died after inhalation of 450 mg ethylene oxide/m3 air for 8 hours, but the
majority died at 2400 mg/m? (Waite et al., 1930 in WHO, 1985). In the above
mortality studies, the lungs and nervous system were the main targets in rodents
and dogs. In dynamic inhalation exposure studies on guinea pigs (Waite et al.,
1930 in WHO, 1985), rats, mice, and dogs (Jacobson et al., 1956 in WHO,
1985), nasal irritation was the first clinical effect. Dogs exhibited laboured
breathing, vomited and suffered convulsions. Guinea pigs, exposed to an
ethylene oxide concentration of 13 000 mg/m? for 2.5 hours, were found lying on
their sides, quiet and unable to stand. Gross pathological changes were
observed in animals that did not survive, including moderate congestion in the
lungs of dogs, minor patchy oedema in the lungs of rats, and congestion with
oedema in the lungs of guinea pigs. In rats, moderate congestion with
petecchial haemorrhage of the trachea was also observed. Lobular pneumonia
and hyperaemia of the liver and kidneys were observed in guinea-pigs.
Parenchymatous changes in the kidney of guinea pigs were seen at 2300
mg/m.

Irritation Skin irritation with hyperaemia, oedema and scar formation was observed from
application of pads of cotton, moistened with solutions of ethylene oxide, under a
plastic cover on the shaved skin of rabbits (Hollingsworth et al., 1956 in WHO,
1985).

PIC - Decision guidance document 11



Ethylene Oxide - Cas No: 75-21-8

If large amounts of material are involved, evaporation may cause sufficient
cooling to cause a lesion similar to frostbite (Hine and Rowe 1981 in WHO,

1985).
2.3.2  Short-term Inhalation exposure - Wistar rats, guinea pigs, rabbits and female rhesus
exposure monkeys were exposed to concentrations of ethylene oxide at different levels of

exposure for 7 hours per day and 5 days per week. No adverse effects in guinea
pigs, rabbits and monkeys at 90 and 200 mg/m3, and in rats at 90 mg/m?. Rats
showed elevated mortality rates from 370 mg/m?3, rabbits from 640 mg/m3, and
all exposed animals died at 1510 mg/m3. At 370 mg/m?, adverse effects in lungs
were observed. Even more severe lung injury was seen in rats at 640 mg/m?
and the higher exposure. Gross respiratory tract irritation was apparent in all
species at 1510 mg/m3. Monkeys and rabbits exhibited paralysis of the hind
legs at 370 mg/m3 and rats at 640 mg/mé. (Hollingsworth et al., 1956 in WHO,
1985).

No effects were observed in relation to survival, body weight, clinical signs, white
blood cell count, serum clinical chemistry, urine analysis and histopathology in
B6C3F1 mice of each sex exposed to concentrations of ethylene oxide at 0, 18,
86, 187, or 425 mg/m? for 6 hours per day and 5 days per week. The exposure
lasted for 10 weeks for males and 11 weeks for females. At the highest
exposure level, changes at terminal sacrifice included an increased relative liver
weight in female mice, and a decreased testicular weight in males and a
decreased relative spleen weight and haemoglobin concentration (Snellings et
al., 1984).

No effects were observed on mortality rate, body weight, electrocardiogram,
blood-calcium and -urea, icteric index and rectal temperature in groups of 3 male
beagle dogs each exposed to concentrations of ethylene oxide of 180 and 530
mg/m?3 for 1-3 days. Anaemia was noted at both exposure levels. Effects on the
respiratory and nervous systems were shown at 530 mg/ms3. Muscular atrophy
was also observed (Jacobson et al., 1956 in WHO, 1985). No haematological
changes were noted in groups of 3 male New Zealand rabbits exposed for 12
weeks to 0, 18, 90 or 450 mg/m?3 (Yager and Benz, 1982). The white cell count
was depressed in Fischer rats exposed in groups of 3 or 4, for 3 days, 6 hours
per day, to 90, 270, or 810 mg/m2. (Kligerman et al., 1983).

In 12 male cynomolgus monkeys exposed to 0, 90 or 180 mg ethylene oxide/m?
for 7 hours per day, 5 days per week, for 2 years the only treatment-related
lesions found were in the medulla oblongata of the brain. Axonal dystrophy was
found in the nucleus gracilis, primarily in the exposed groups. Demyelination of
the terminal axons of the fasciculus gracilis occurred in one monkey at each
exposure level, but not in the controls (Sprinz et al., 1982). Paralysis of the hind
limbs was observed in monkeys repeatedly exposed for up to 32 weeks to 370
mg/m3 for 7 hours per day, 5 days per week (Hollingsworth et al., 1956 in WHO,

1985).
2.3.3 Long-term In a combined toxicity-carcinogenicity study, groups of 120 male and 120 female
exposure Fischer 344 rats were exposed to actual concentrations of ethylene oxide of 18

mg/m3 (10 ppm), 58 mg/m3 (32 ppm) and 173 mg/m? (96 ppm) for 6 hours per
day, 5 days per week, over 25 months. Two control groups of animal per sex
were used. The mortality rates of male and female rats increased significantly
from the 22nd or 23rd month, at the highest exposure, with a trend towards an
increase at a level of 58 mg/m?. Body weights in both sexes were depressed at
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173 mg/m3, from the end of the first week onwards until the end of the study. At
58 mg/m3, the body weights of female rats were decreased between week 10
and 80. In females, the relative liver weights were increased in the 18th month
at 173 mg/m3. Relative spleen weights were increased in rats that developed
leukaemia. Haematological changes were found in rats at all doses, but mainly
at the end of the study in animals exposed to 173 mg/m3; these included an
elevated leukocyte count in both sexes, and a depressed red blood cell count
and haemoglobin value in females. Some of these rats had leukaemia. Non-
neoplastic histopathological changes observed included an elevated frequency
of focal fatty metamorphosis of the adrenal cortices in both sexes and bone
marrow hyperplasia in females at 173 mg/m3. Mild skeletal muscular atrophy
was observed after 2 years of exposure to 173 mg/m3 (Snellings et al., 1984).

In another toxicity-carcinogenicity study (Lynch et al., 1984 in WHO, 1985),
groups of 80 male Fischer 344 rats were exposed to concentrations of ethylene
oxide of 92 mg/m3 (51 ppm) and 182 mg/m3 (101 ppm) for 7 hours per day, 5
days per week, over 2 years. Eighty rats in the control group. The mortality rate
increased at both exposure levels, the increase being significant at 182 mg/m?.
Only 19% of the rats survived 2 years of exposure at 182 mg/m3 compared with
49% in the unexposed group. Body weights were reduced from the 3rd or 4th
month onwards. The relative weights of adrenals and brain were increased at
both exposure levels. The relative weights of lung and kidney were increased at
92 mg/m3. Serum aspartate aminotransferase activity was increased in rats
exposed to 92 and 182 mg/m2. No other changes were found in haematology or
clinical chemistry. Non-neoplastic histopathological changes included an
elevated incidence of vacuolization and hyperplasia or hypertrophy in the
adrenals at both exposure levels, and of atrophy and degeneration of skeletal
muscle fibres at 182 mg/m3. There were also increased incidences of
inflammatory lesions of the lungs, nasal cavities, trachea and internal ear at both
exposure levels. Eye cataracts developed in 9 out of 78 rats at 182 mg/m?, 3 out
of 79 in the 92 mg/m? group and 2 out of 77 in the controls.

2.3.4 Effectson Ethylene oxide was injected intravenously on several days during organogenesis
reproduction in the mouse. Skeletal malformations occurred in foetuses whose mother
received 150 mg/kg which produced maternal toxicity. Doses of 75 mg/kg
caused no defects. Rats were exposed on days 6-15 of gestation for 6 hours
daily to 10-100 ppm. At the highest dose, foetal growth retardation occurred but

there was no increase in congenital defects. (Shepard, 1986).

The offspring of DBA/2J male mice exposed to ethylene oxide by inhalation had
an increased incidence of both dominant visible and electrophoretically detected
mutations over that found in control populations. The progeny at risk were
obtained from matings during the exposure period and were the products of
germ cells that were exposed throughout the entire spermatogenic process.
Apparently, male germ cells repeatedly exposed to ethylene oxide during
spermatogenesis are susceptible to ethylene oxide induced transmissible
damage (Lewis et al, 1986).

The effects of systemic toxicity including reproductive toxicity of ethylene oxide
on female rats were studied. When Wistar female rats were exposed to 250 ppm
of ethylene oxide for six hours per day, five days per week for ten weeks, they
showed inhibition of body weight gain and paralysis of the hindelegs.
Haematological examination revealed macrocytic and normochromic anaemia
with high reticulocyte counts. The oestrus cycle of the exposed group was
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prolonged and the percentage of the di-oestrus stage increased. There was no
atrophy in the ovary or the uterus. However, the activity of glutathione reductase
in the ovary decreased by 18% and that of glutathione-S-transferase increased
by 30%. These results indicate that ethylene oxide has a similar effect on both
female and male rats and that the female reproductive system is also affected
(Mori et al, 1989).

In a dose-response study, male mice were exposed to inhalation of ethylene
oxide for 4 consecutive days. Mice were exposed for 6 hours per day to 300
ppm, 400 ppm, or 500 ppm ethylene oxide for a daily total of 1800, 2400, or
3000 ppm per hour, respectively. In the dose-rate study, mice were given a total
exposure of 1800 ppm per hour per day delivered either at 300 ppm in 6 hours,
600 ppm in 3 hours, or 1200 ppm in 1.5 hours. Quantitation of dominant-lethal
responses was made on matings involving sperm exposed as late spermatids
and early spermatozoa, the stages most sensitive to ethylene oxide. In the dose-
response study, a dose-related increase in dominant-lethal mutations were
observed, the dose-response curve proved to be non-linear. In the dose-rate
study, increasing the exposure concentrations resulted in increased dominant-
lethal responses. (Gosslee, 1986).

Earlier studies revealed that ethylene oxide or ethyl methanesulfonate induced
high frequencies of midgestation and late foetal deaths and of malformations
among some of the surviving foetuses when female mice were exposed at the
time of fertilization of their eggs or during the early pronuclear stage of the
zygote. Effects of the two mutagens are virtually identical. Thus in investigating
the mechanisms responsible for the dramatic effects in the early pronuclear
zygotes, the two compounds were used interchangeably in the experiments.
First a reciprocal zygote-transfer study was conducted in order to determine
whether the effect is directly on the zygotes or indirectly through maternal
toxicity. And second cytogenetic analyses of pronuclear metaphases early
cleavage embryos and midgestation foetuses were carried out. The zygote
transplantation experiment rules out maternal toxicity as a factor in the foetal
maldevelopment. Together with the strict stage specifically observed in the
earlier studies this result points to a genetic cause for the abnormalities.
However the cytogenetic studies failed to show structural or numerical
chromosome aberrations. Since intragenic base changes and deletions may also
be ruled out it appears that the lesions in question induced in zygotes by the two
mutagens are different from conventional ones and therefore could be a novel
one in experimental mammalian mutagenesis. (Katoh et al., 1989).

Ethylene oxide is a classical mutagen and a carcinogen based on evidence from
studies in experimental animals. Chinese hamster V79 cells were treated for 2
hours with gaseous ethylene oxide, in sealed treatment chambers, and assayed
for survival and mutagenic response by analysis of induced resistance to 6-
thioguanine or ouabain. Significant numbers of mutants were produced at both
genetic markers by 1250 - 7500 ppm ethylene oxide. Similarly, primary Syrian
hamster embryo cells were treated for 2 or 20 hours with gaseous ethylene oxide
in sealed treatment chambers and subsequently assayed for survival and
increased sensitivity to SA7 virus transformation. Treatment concentrations
extended from toxic to several non-toxic concentrations. After 2 hours ethylene
oxide treatment at 625-2500 ppm a significant enhancement of virus
transformation was observed. At 20 hours after treatment, no enhancement was
observed. Treatment of hamster cells with ethylene oxide in both bioassay
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systems yielded concentration-related, quantitative results (Hatch et al, 1986).

2.3.6  Carcinogenicity  Various animal studies indicate a clear evidence of the carcinogenic effect of the
substance (IARC, 1976; NTP, 1987).

Ethylene oxide was administered intragastrically by gavage at 2 dosages, 30
and 7.5 mg/kg body weight to groups of 50 female Sprague-Dawley rats twice
weekly for a period of nearly 3 years using salad oil as the solvent. It induced
local tumors, mainly squamous cell carcinomas of the forestomach, dependent
on the dosage. The first tumor occurred in the 79th week. The following tumor
rates resulted 62 and 16%. In addition carcinomata in situ, papillomas and
reactive changes of the squamous epithelium of the forestomach were observed
in other animals, but ethylene oxide did not induce tumors at sites away from the
point of administration (Dunkelberg, 1982).

Groups of F344 rats of each sex were exposed to either ethylene oxide vapor
(concentrations of 100, 33 or 10 ppm) or to room air 6 hours daily, 5 days per
week, for up to 2 years. Three representative sections of the brain from each rat
were evaluated. Of 23 primary brain tumors which were found, 2 were in control
animals. Increased numbers of brain tumors were seen in 100 ppm and 33 ppm
ethylene oxide exposed male and female rats. Significant trend analyses were
found for both males and females, indicating that ethylene exposure > 10 ppm
was related to the development of these brain tumors (Garman et al., 1985).

3 Exposure

3.1 Food Levels in food up to 2420 mg/kg wet weight have been reported for 1,2-
ethanediol and up to 65 mg/kg wet weight for 2,2'-oxybisethanol, 6-12 months
after sterilization (Scudamore and Heuser, 1971). Food constituents can also be
alkylated. Hydroxyethylated derivatives of amino acids, vitamins, alkaloids and
sugars have been identified that might affect the nutritive value of food. A change
in organoleptic properties has been reported for a variety of foodstuffs (Oser and
Hall, 1956; Gordon and Thornburg, 1959; Windmueller et al., 1959; Pfeilsticker
and Siddiqui, 1976).

3.2 Occupational In a total of 8 production plants, the levels of worker exposure to ethylene oxide
in recent years were reported to be generally below 18 mg/m3 (Hogstedt et al.,
1979b; Morgan et al., 1981; Thiess et al., 1981).

In the majority of samples, the concentration of ethylene oxide was less than 0.2
mg/m3 while in the remaining samples, concentrations were of up to 11.6 mg/m3
(Van Sittert et al., 1985). In a plant in the USA, typical average daily exposure
were reported to be 0.3 - 4.0 mg/m3in 1979 (Flores, 1983 in WHO, 1985).

Thiess et al. (1981) reported an exposure of 3420 mg/m3 during a plant
breakdown.

In four hospital sterilization units in France, in 1980, concentrations between 0.9
and 410 mg/m3 were measured after sampling for several minutes (Mouilleseaux
etal., 1983).

Exposure after the opening of sterilizers, ranging from less than 0.2 to 111
mg/m3, were found by personal sampling over several minutes in 16 hospitals in
Belgium in 1981 - 83. In one other hospital, an average of 477 mg/m3 was
measured by personal sampling (Lahaye et al., 1984).

In six hospital sterilization units in Italy, using pure ethylene oxide, the 8-hour
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time-weighted average concentrations were 6.7 - 36 mg/m3 with an average of
19.3 mg/m3.  Continuous sampling during the 5-min interval following the
opening of sterilizers revealed time-weighted average concentrations of 112.5
mg/m3. In two other hospitals in Italy, using 11% ethylene oxide in freon, the 8-
hour time-weighted average level was 0.63 mg/ms3, and the 5-min exposure
average level was 15.5 mg/m3 (Sarto et al., 1984).

Time-weighted average exposure of Swedish personnel involved in sterilizing
medical equipment in 1975 were 14 mg/m?, when the sterilizer door was open,
and 2.3 mg/m3when the door was closed (Hogstedt et al., 1983).

Pero et al. (1981) reported 1-hour time-weighted average personal exposure of
up to 18 mg/m3 for a sterilization facility in Sweden.

For workers in sterilization rooms of a hospital in the USA, 15-min exposure of up
to 86 mg/mé were found with 8-hour time-weighted averages ranging from less
than 0.13 to 7.7 mg/m?3 and instantaneous peaks of up to 1430 mg/m?3 (Hansen et
al., 1984).

Eight hour time-weighted averages of 0.9, 9 - 18, and 9 - 36 mg/m3 were
measured before the 1980s at 3 work-sites in the sterilization facilities of a plant
manufacturing health-care products (Stolley et al., 1984).

No data are available concerning levels of ethylene oxide in air, water, or solil,
following emission from production plants, and there are no data indicating that
ethylene oxide occurs as a natural product. Most of the ethylene oxide used for
fumigation or sterilization finally enters the environment, mainly in the air.

Uncontrolled emission of ethylene oxide from a hospital sterilization chamber led
to high levels of the sterilant in the immediate surroundings. Concentrations of
between 7700 and 12000 mg/m3 were measured 2 — 3 meters from an exhaust
pipe on the outside wall (Dunkelberg and Hartmetz, 1977).

Ethylene oxide may also be absorbed by medical equipment during sterilization
and may remain in the materials for some time, as the unchanged compound or
as its reaction products. Factors affecting residue levels are similar to those
mentioned in section 3.1 for food. Aeration and storage conditions are very
important, particularly with respect to possible worker exposure.

Effects on the environment

The main pathway of entry of ethylene oxide into the environment is through its
escape into the atmosphere due to evaporation and with vented gases during
production, handling, storage, transport and use. Most of the ethylene oxide
applied as a sterilant or fumigant will enter the atmosphere (Bogyo et al.,
1980). In the USA, production losses were estimated at 13 kg per tonne of
ethylene oxide produced by catalytic oxidation. Sterilization and fumigation
processes were estimated to account for a loss of 9 kg per tonne of ethylene
oxide produced or approximately 1% of the total consumption (WHO, 1978). In
1980, this would have meant a combined loss of 53 kilotonnes of ethylene
oxide into the atmosphere in the USA, which is approximately 2% of the total
production in the USA.

At ambient levels, ethylene oxide will be removed from the atmosphere via
oxidation by hydroxyl radicals. On the basis of a theoretical rate constant for
this reaction, the atmospheric residence time of ethylene oxide was estimated
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to be 5.8 days (Cupitt, 1980). However, experimental data have shown the
residence time to be 100-215 days, depending on the hydroxyl radical
concentration and the ambient temperature (USEPA, 1985). Because of its
high water solubility, ethylene oxide levels in air will also be reduced through
washout by rain (Conway et al., 1983).

The photochemical reactivity of ethylene oxide, in terms of its ozone-forming
ability, is low (Joshi et al., 1982). Evaporation from water is a significant
removal process. Under specific conditions, Conway et al. (1983) found a half-
life of 1 hour for the evaporation of ethylene oxide from water. In the
environment, chemical degradation in water through ionic reactions appears to
be comparatively slow. In neutral, fresh water at 25 °C, ethylene oxide is
broken down to form 1,2-ethanediol with a half-life of 14 days (Conway et al.,
1983). At 0 °C, the half-life is 309 days. The reaction is acid- and base-
catalysed (Virtanen, 1963 in WHO, 1985). In the presence of halide ions, 2-
haloethanol will also be formed. In neutral water of 3% salinity, at 25 °C, 77%
of ethylene oxide was found to react to form 1,2-ethanediol and 23% to form 2-
chloroethanol with a half-life of 9 days (Conway et al., 1983).

Ethylene oxide is not expected to bioaccumulate.

Fish are the most susceptible aquatic organisms. An LCso of 90 mg/l was
observed for goldfish exposed for 24 hours (Bridie et al., 1979).

In Daphnia magna a 48h LCso of 212 mg/l was observed (Conway et al., 1983).

There are no studies on the effects of ethylene oxide on birds .
There are no studies on the effects of ethylene oxide on bees.
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Annex 2 - Details on reported control actions

AUSTRIA
Effective: 1992
Control action: All uses banned in agriculture.
Reasons: Carcinogenic and mutagenic properties.
Alternatives: Many alternatives for designated purposes.
BELIZE
Effective: 1985

Control action:
Uses still allowed:

The substance is banned for use in agriculture.
No remaining uses are allowed.

Reasons: Major fire and inhalation hazard.
CHINA
Effective: 1985

Control action:

Uses still allowed:

Reasons:

Ethylene oxide has been banned for registration, production and use as a
pesticide. It has never been produced and used as a pesticide.

Ethylene oxide has been restricted for use in fumigating of empty storehouse,
container and cabin only.

Ethylene oxide is highly toxic. Its use will produce severely harmful effects to
human health.

EUROPEAN UNION

Effective:
Control action:

Uses still allowed:

Reasons:

1991

It is prohibited to use or place on the market all plant protection products
containing ethylene oxide as an active ingredient.

Pesticidal use for control of wool and fur pests and industrial uses are still
allowed. Control of wool and fur pests is not covered by the plant protection
legislation.

The use of ethylene oxide for the fumigation of plants or plant products in storage
leaves residues in foodstuffs which may give rise to harmful effects on human and
animal health. Ethylene oxide has been classified by the European Community
as a category 2 carcinogen (probably carcinogenic to humans). Ethylene oxide
has also been classified by the European Community as a category 2 mutagen
(probably mutagenic to humans).

(Member States of the European Union are: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland,
Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden, United Kingdom.)
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GERMANY

Effective:
Control action:

1981
Totally banned for use as plant protection product.

Reasons: Highly toxic to warm blooded animals and man; suspected of having teratogenic
effects; toxicologically critical residues in stored products (reaction with
ingredients).

SLOVENIA
Effective: 1997

Control action:

Banned for use in agriculture.

Reasons: This chemical was banned from the use in agriculture due to the effect of its toxic
properties to human health and the environment according to the opinion given by
the Commission on Poisons.

SWEDEN
Effective: 1991

Control action:

Uses still allowed:

Banned for use as a pesticide
No remaining uses allowed.

Reasons: This substance was suspended due to its carcinogenic properties.
UNITED KINGDOM
Effective: 1990

Control action:

Uses still allowed:

Reasons:

All uses revoked for agriculture under the Control of Pesticides Regulations.
No remaining uses allowed.
Action taken due to evidence of carcinogenicity.
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Annex 3 - List of designated national authorities

AUSTRIA

CP

Department 11/3

Ministry of the Environment, Youth and Family
Vienna, A - 1010

Stubenbastei 5

Mr. Raimund Quint

e-mail: Raimund.Quint@bmu.gv.at

Fax +431 51522 7334

Phone +431 51522 2331

BELIZE

P

The Secretary

Department of Agriculture

Pesticides Control Board, Central Farm
Cayo,

e-mail: pchinfo@btl.net

Fax +501 92 2346-8

Phone +501 92 2640

C

Sanitation Engineer
Public Health Bureau
Ministry of Health
Belize City

CHINA

CP

Chief Programme Officer

Division of Solid Waste and Chemical Management, Department of Pollution Control
State Environmental Protection Agency (SEPA)
No. 115, Xizhimennei Nanxiaojie

Beijing, 100035

Ms.Wenchao Zang

e-mail: Wchzang@yeah.net

Fax +86 10 66151762

Phone +86 10 66154547

Telex 222359 NEPA CN

P

Institute for the Control of Agrochemicals (ICAMA)
Ministry of Agriculture

Liang Ma Qiao, Chaoyang

Beijing, 100026

Mrs. Yong-zhen Yang

Fax +86 10 65025929
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EUROPEAN UNION

CP

The Director-General Environment, Nuclear Safety and Civil Protection
European Commission, Directorate-General XI

Rue de la Loi 200

Brussels, B-1049

Mr. M. Debois

e-mail: marc.debois@cec.eu.int

Fax +32 2 2956117

Phone +32 2 2990349

Telex COMEU B 21877

GERMANY

CP

Anmeldestelle Chemikaliengesetz

Bundesanstalt flir Arbeitsschutz und Arbeitsmedizin
Friedrich-Henkel-Weg 1-25

Dortmund, D-44149

Ms. Kowalski

e-mail amst@baua.do.shuttle.de

Fax +49 231 9071679

Phone +49 231 9071516

P

Abteilung fur Pflanzenschutzmittel und Anwendungstechnik
Koordinierungsgruppe

Biologische Bundesanstalt fiir Land- und Forstwirtschaft
Messeweg 11-12

Braunschweig, D-38104

Dr. A. Holzmann

e-mail: A.Holzmann@bba.de

Fax +49 531 299 3003

Phone +49 531 299 3452

SLOVENIA

CP

Advisor

Ministry of Health

Stefanova 5

Ljubljana, 1000

Ms. Karmen Krajnc

e-mail: karmen.krajnc@gov.si
Fax +386 61 123 1781
Phone +386 61 178 6054

SWEDEN

PIC - Decision guidance document 21




Ethylene Oxide - Cas No: 75-21-8

CP

The National Chemicals Inspectorate (Keml)
P.O. Box 1384

Solna, S-171 27

Mr. Ule Johansson

Fax +46 8 735 7698

Phone +46 8 730 6004

Telex 10460 AMS S

UNITED KINGDOM

CP

Department of the Environment Transport and the Regions
Chemicals and Biotechnology Division

Floor 3/F4, Ashdown House, 123 Victoria Street

London, SW 1E 6DE

Fax +44 171 8905229

Phone +44 171 8905230

CP DNA Industrial Chemicals and Pesticides

P DNA Pesticides
C DNA Industrial Chemicals

PIC - Decision guidance document 22



Ethylene Oxide - Cas No: 75-21-8

Annex 4 — References

ABRAHAMS, R.H. (1980). Recent studies with workers exposed to ethylene oxide. In: Jorkasky, J.F., ed. Safe
use of ethylene oxide. Proceedings of the Educational Seminar, Washington DC, Health Industries
Manufacturers Association, pp. 27-38, 211-220 (HIMA Report No. 80-4).

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH) (1999). Guide to
Occupational Exposure Values. Cincinnati, OH: Publication Office ACGIH.

BOGYO, S. et al. (1980). Investigation of selected potential environmental contaminants: epoxides, Syracuse,
New York, Center for Chemical Hazard Assessment, Syracuse Research Corporation (Report prepared for US
EPA) (Report No. EPA 560/11-80-005, PB 80-183197).

BOLT, H.M. et al. (1988). International Archive on Occupational Environmental Health 60 (3): 141-4.
BRIDIE, A.L. et al. (1979). The acute toxicity of some petrochemicals to goldfish. Water Res., 13: 623-626.

BUA (1993). GDCh-Advisory Committee on Existing Chemicals of Environmental Relevance (BUA). Ethylene
oxide. BUA Report 141.

BUDAVARI, S. (ed.) (1989). Merck Index - Encyclopedia of Chemicals, Drugs and Biologicals. Rahway, NJ:
Merck and Co., Inc., p. 559.

CONWAY, R.A. et al. (1983). Environmental fate and effects of ethylene oxide. Environmental Science and
Technology., 17: 107-112.

CUPITT, L.T. (1980). Fate of toxic and hazardous materials in the air environment, Research Triangle Park,
North Carolina, US Environmental Protection Agency, Environmental Sciences Laboratory, Office of Research
and Development (EPA No. 600/3-80-084, PB 80-221948).

DUNKELBERG, H. and HARTMETZ, G. (1977). Recording the air pollution by ethylene oxide in the region of
clinical sterilization installations. Zbl. Bakt. Hyg. (I. Abt. Orig. B), 164: 271-278 (in German).

DUNKELBERG, H. (1982). British Journal of Cancer 46 (6): 924-33.

EHRENBERG, L., et al. (1974). Evaluation of genetic risks of alkylating agents: tissue doses in the mouse
from air contaminated with ethylene oxide. Mutation Research, 24: 83-103.

FAO/WHO (1969). Pesticide residues in food - 1968. Report of the Joint Meeting of the FAO Panel of Experts
on Pesticide Residues in Food and the Environment and the WHO Expert Group on Pesticide Residues. FAO
Plant Production and Protection Paper 78. Food and Agriculture Organization, Rome.

GARDNER, M.J. et al. (1989). British Journal of Industrial Medicine. 46 (12): 860-5.
GARMAN, R.H. et al. (1985). Neurotoxicology 6 (1): 117-38.

GLASER, Z.R. (1979). Ethylene oxide: toxicology review and field study results of hospital use. Journal of
Environmental and Pathological Toxicology., 2: 173-208.

PIC - Decision guidance document 23



Ethylene Oxide - Cas No: 75-21-8

GORDON, H.T. and THORNBURG, W.W. (1959). Hydroxyethyl derivatives in prunes fumigated with 14C-
ethylene oxide. Journal of Agricultural and Food Chemistry, 7: 196-200.

GOSSLEE, D.G. (1986). Environmental Mutagenesis 8 (1): 1-8.
GREENBERG H.L. et al. (1990). British Journal of Industrial Medicine. 47 (4): 221-30.

HANSEN, J.P. et al. (1984). Normal sister chromatid exchange levels in hospital sterilization employees
exposed to ethylene oxide. Journal of Occupational Medicine., 26: 29-32.

HANSCH, C., LEO, A. (1995). Exploring QSAR - Hydrophobic, Electronic, and Steric Constants. Washington,
DC: American.

HATCH G.G. et al. (1986). Environmental Mutagenesis 8 (1): 67-76.

HOECHST CELANESE POLYESTER INTERMEDIATES, OCCIDENTAL CHEMICAL CORPORATION, SHELL
CHEMICAL COMPANY and SUN COMPANY, INC. (1995). Ethylene Oxide User’s Guide.

HOGSTEDT, B. et al. (1983). Chromosome aberrations and micronuclei in bone marrow cells and peripheral
blood lymphocytes in humans exposed to ethylene oxide. Hereditas, 98: 105-113.

HOGSTEDT, C. et al. (1979a). Leukaemia in workers exposed to ethylene oxide. Journal of the American
Medical Association, 241 : 1132-1133.

HOGSTEDT, C. et al. (1979b). A cohort study of mortality and cancer incidence in ethylene oxide production
workers. British Journal of industrial Medicine., 26: 276-280.

IARC (1976). Monographs on the evaluation of the carcinogenic risk of chemicals to man. Geneva: World
Health Organization, International Agency for Research on Cancer, V11 161 (1976) 1972-present.. V11 161.

IARC (1994). Monographs on the evaluation of the carcinogenic risk of chemicals to man. Geneva: World
Health Organization, International Agency for Research on Cancer, V11 161 (1976) 1972-present. V60

IPCS (1998-1999). The WHO Recommended Classification of Pesticides by Hazard and Guidelines to
Classification, International Programme on Chemical Safety 1998-1999, Table 7 p.37.

ITIl (1988). The International Technical Information Institute. Toxic and Hazardous Industrial Chemicals Safety
Manual. Tokyo, Japan, p. 237.

JOSHI, S.B. et al. (1982). Reactivities of selected organic compounds and contamination effects. Atmospheric
Environment, 16: 1301-1310.

JOYNER, R.E. (1964). Archives of Environmental Health. 8:700-10.
KATOH, M. et al. (1989). Mutation Research. 210 (2): 337-44.

KIESSELBACH N. et al. (1990). British Journal of Industrial Medicine. 47 (3): 182-8.

PIC - Decision guidance document 24



Ethylene Oxide - Cas No: 75-21-8

KLIGERMAN, A.D. et al. (1983). Sister-chromatid exchange induction in peripheral blood lymphocytes of rats
exposed to ethylene oxide by inhalation. Mutation Research., 120: 37-44.

LAHAYE, D. et al. (1984). Ethylene oxide levels in the sterilization units of hospitals. Tijdschr. Soc.
Gezondheidsz., 62: 707-713 (in Dutch).

LEWIS S.E. et al. (1986). Environmental Mutagenesis 8 (6): 867-72.

MORGAN, R.W. et al. (1981). Mortality among ethylene oxide workers. Journal of occupational Medicine., 23:
767-770.

MORI K. et al. (1989). Sangyo Ika Daigaku Zasshi 11 (2): 173-9.

MOUILLESEAUX, A. et al. (1983). Teneurs atmosphériques en oxyde d'éthylene déecelées dans
I'environnement professionnel d'instalations de stérilisation ou de désinfection. Archives des Maladies
Professionnelles de Medecine du Travail et de Securite Sociale, 44: 1-14.

NEW JERSEY DEPARTMENT OF HEALTH AND SENIOR SERVICES (1994). Hazardous Substance Fact
Sheet: Ethylene Oxide. Revision of December 1994.

NTP. (1987). Technical Report Series No. 326 (1987) NIH Publication No. 88-2582 U.S. Department of
Health and Human Services, National Toxicology Program, National Institute of Environmental Health
Sciences, Research Triangle Park, NC 27709.

OSER, B.L. and HALL, L.A. (1956). The effect of ethylene oxide treatment on the nutritive value of certain
foods. Food Technol., 10: 175-178.

PERO, E.W.et al. (1981). In vivo and in vitro ethylene oxide exposure of human lymphocytes assessed by
chemical stimulation of unscheduled DNA synthesis. Mutation Research, 83: 271-289.

PFEILSTICKER, K. and SIDDIQUI, I.R. (1976). Isolation of the derivatives from cocoa-powder fumigated by
ethylene oxide 1,2-14C and their structure suggested on the basis of I.R. and mass-spectrometry. Z.
Lebensm. Unters. Forsch., 160: 19-27 (in German).

REYNOLDS, J.E.F., PRASAD, A.B. (eds.) (1982). Martindale-The Extra Pharmacopoeia. 28th ed. London: The
Pharmaceutical Press. p. 562.

RICHMOND G.W. et al. (1985). Archives of Environmental Health. 40 (1): 20-25.

SARTO, F. et al. (1984). Cytogenetic damage in workers exposed to ethylene oxide. Mutation Research., 138:
185-195.

SBC (1994). Basel Convention on the Control of Transhoundary Movements of Hazardous Wastes and Their
Disposal, Secretariat of the Basel Convention, SBC No. 94/008.

SCUDAMORE, K.A. and HEUSER, S.G. (1971). Ethylene oxide and its persistent reaction products in wheat
flour and other commodities: residues from fumigation or sterilization, and effects of processing. Pesticides
Science., 2: 80-91.

PIC - Decision guidance document 25



Ethylene Oxide - Cas No: 75-21-8

SEXTON, R.J. and HENSON, E.V. (1949). Dermatological injuries by ethylene oxide. Journal of Industrial
Hygiene and Toxicology, 31: 297-300.

SHEPARD, T.H. (1986). Catalogue of Teratogenic Agents. 5th ed. Baltimore, MD: The Johns Hopkins
University Press, p. 246.

SHORE R. et al. (1993). British Journal of Industrial Medicine 50 (11): 971-97

SNELLINGS, W.M. et al. (1984). A subchronic inhalation study on the toxicologic potential of ethylene oxide in
B6C3F1 mice. Toxicology and applied Pharmacology, 76: 510-518.

SPRINZ, H. et al. (1982). Neuropathological evaluation of monkeys exposed to ethylene and propylene oxide,
Kansas City, Missouri, Midwest Research Institute (Prepared for NIOSH) (PB 83-134817).

STOLLEY, P.D. et al. (1984). Sister-chromatid exchanges in association with occupational exposure to
ethylene oxide. Mutation Research., 129: 89-102.

THIESS, A.M. (1963). Observation on the adverse health effects of ethylene oxide. Archiv fur Toxikologie, 20:
127-140 (in German).

THIESS, A.M. et al. (1981). Mutagenicity study of workers exposed to alkene oxides (ethylene oxide/propylene
oxide) and derivatives. Journal of occupational Medicine., 23: 343-347.

U.S. DEPARTMENT OF TRANSPORTATION (1996). North American Emergency Response Guidebook. A
Guidebook for First Responders During the Initial Phase of Hazardous Materials/Dangerous Goods Incident.
U.S. Department of Transportation. Research and Special Programs Administration, Office of Hazardous
Materials Initiatives and Training (DHM-50), Washington, D.C. (1996),p. G-119.

USEPA (1985). Health assessment document for ethylene oxide, Washington DC, US Environmental
Protection Agency (EPA 600/8-84/009F). United States Environmental Protection Agency.

USEPA (1998). Factsheet on Ethylene oxide, http://www.epa.gov/ttnuatwl/hithef/ethylene.html (May 26,
1998). United States Environmental Protection Agency.

VAN SITTERT N.J. et al. (1985). Cytogenetic, immunological, and haematological effects in workers in an
ethylene oxide manufacturing plant. British Journal of Industrial Medicine. 42(1):19-26.

WHO (1978). Environmental health problems associated with the manufacture and uses of synthetic organic
chemicals, Geneva, World Health Organization (Report No. HCS/78.2).

WHO (1985). Environmental Health Criteria Monographs Ethylene oxide (EHC 55, 1985).

WINDMUELLER, H.G. et al. (1959). Reaction of ethylene oxide with nicotinamide and nicotinic acid. Journal of
Biological. Chemistry, 234: 889-894.

WOLFS, P. et al. (1983). Surveillance des travailleurs exposés a l'oxyde d'éthylene dans une enterprise de
distribution de gaz stérilisants et dans des unités de stérilisation de matériel médical. Archives des Maladies
Professionnelles de Medecine du Travail et de Securite Sociale, 44: 321-328.

PIC - Decision guidance document 26



Ethylene Oxide - Cas No: 75-21-8

YAGER, J.W. and BENZ, R.D. (1982). Sister-chromatid exchanges induced in rabbit lymphocytes by ethylene
oxide after inhalation exposure. Environental Mutagenesis, 4: 121-134.

YAKUBOVA et al. (1976). Gynaecological disorders in workers engaged in ethylene oxide production.
Kazansky Mededical Zhurnal, 57: 558-560 (in Russian).

PIC - Decision guidance document 27



