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a8 | PCS Consul tant.
PREFACE

Al t hough only key references essential for the eval uation of
the risks for human health and the environnent are cited, this
docunent is based on a conprehensive search of the avail abl e,
original scientific literature, while valuable information has al so
been obtained from various revi ews.

A detailed data profile on ethylene oxi de can be obtained from
the International Register of Potentially Toxic Chemicals
(UNEP/ | RPTC, Pal ai s des Nations, CH 1211 Geneva 10, Switzerl and,
t el ephone nunber 988400 - 985850).
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The docunent focuses on describing and eval uating the risks of
et hyl ene oxi de for human health and the environment.

Every effort has been nade to present information in the
criteria docunents as accurately as possible without unduly
del aying their publication. In the interest of all users of the
environnmental health criteria docunents, readers are kindly
requested to conmuni cate any errors, which may have occurred, to
the Manager, International Programme on Chenical Safety, Wrld
Heal th Organi zati on, Geneva, Switzerland, in order that they nmay be
i ncluded in corrigenda, which will appear in subsequent vol unes.

ENVI RONVENTAL HEALTH CRI TERI A FOR ETHYLENE OXI DE

The WHO Task Group for the Environnental Health Criteria for
Et hyl ene Oxide net at the Institute of Hygi ene and Epi deni ol ogy, in
Brussels, Belgium on 21 - 26 Cctober 1985. Dr G Thiers, who
opened the neeting, welconmed the participants on behal f of the host
governnent, and Dr F. Valic wel comed them on behal f of the heads of
the three | PCS co-sponsoring organi zations (ILQO WHQ UNEP). The
Group reviewed and revised the second draft criteria docunent and
made an eval uation of the health risks of exposure to ethyl ene
oxi de.

The efforts of DR T. VERMEIRE, of the NATIONAL | NSTI TUTE OF
PUBLI C HEALTH AND ENVI RONMENTAL HYG ENE, Bilthoven, the
Net her | ands, who was responsi ble for the preparation of the draft,
and of all who helped in the preparation and the finalization of
the document are gratefully acknow edged.

Partial financial support for the publication of this criteria
docunent was kindly provided by the United States Departnent of
Heal th and Human Services, through a contract fromthe Nationa
Institute of Environmental Health Sciences, Research Triangle Park
North Carolina, USA - a WHO Col | aborating Centre for Environnental
Heal th Effects.

1. SUMVARY

Et hyl ene oxide is a colourless, highly reactive, and flammabl e
gas at roomtenperature and anbi ent pressure. The current world
production is greater than 5.5 mllion tonnes. |Its nmajor use is as
an internediate in the production of various chemicals. Since
ethyl ene oxide is a reactive epoxide and potent biocide, a small
quantity (less than 1% is used for the fum gation and
sterilization of foodstuffs and nedical equipnent. Because of its
hi gh odour threshold (900 - 1260 ng/nt), sensory recognition does
not of fer adequate warning of a health hazard.

Detection linits of 0.024 ng/nt, 2 ny/litre, and 0.15 ng/ kg
have been reported for gas chronatographic deternminations in air,
wat er, and food, respectively. A total loss to the atnosphere of
1 - 2% of production occurs during its manufacture and use. |Its
renoval fromthe atnosphere and neutral water is slow, but it is
nore rapid under acidic or basic catalysis. Aerobic biodegradation
is slow
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Human exposure mainly occurs through inhalation in
sterilization facilities and in production plants. In
sterilization facilities, 8-h tine-weighted average |evels have
usual |y been bel ow 36 ng/n?, with short-term exposures of about
100 g/ nt, and peak | evels of up to 1800 nmg/n'. |n production
plants, the time-wei ghted average has usual |y been bel ow 4 ng/ nt.
Anbi ent | evels at a distance from point sources of em ssion have
been estimated to be below the Iimt of detection

Exposure to residues of ethylene oxide or its reaction
products, hal ohydrins and et hyl ene glycol, also occurs from
fum gat ed foods, pharnmaceutical products, and sterilized nedica
equi pnent. 2-Chl oroet hanol |evels as high as several g/ kg have
been measured in food and | evel s of several hundred ng/kg in
medi cal equi prent .

Et hyl ene oxide is not expected to bioaccunulate in the
environment. Fish are the nost susceptible aquatic organisns. An
LCso of 90 ng/litre was observed for goldfish exposed for 24 h
2- Chl oroet hanol , a degradation product in saline water, is equally
toxic but, 1,2-ethanediol, a najor degradation product, is nuch
| ess toxic.

When inhal ed, ethylene oxide is readily absorbed, distributed
t hroughout the body, and rapidly netabolized. Accordingly, nost
organs receive equival ent doses of the chemical and its
netabolites. The degree of al kylation of proteins and DNA varies
slightly between the different organs and blood. |In man and
rodents, the half-life of the conmpound in tissues has been
estimated to be 9 - 10 min. Two netabolic pathways have been
identified including hydrolysis to 1, 2-ethanedi ol and conjugation
with glutathione. Excretion is primarily via the urine.

Et hyl ene oxide is noderately toxic for mammual s (the LDso for
the rat is 280 - 365 ng/ kg body weight; the 4-h LG5ois 2630

my/ n¥). Both experinental animal and human data show t hat aqueous
solutions of ethylene oxide are irritating for the skin and eyes;
the irritant effects of ethylene oxide vapour or residues in

nmedi cal equi pnent on the eyes and the respiratory tract have al so
been observed. These effects are often del ayed. Severe skin
irritation is characterized by the formation of vesicles. A
concentration of 10 ng/litre produced mild irritation of the human
skin; a concentration of 500 g/litre was npst injurious to the
human skin. Allergic contact dermatitis has been reported;
system c i mmunol ogically mediated allergy is considered rare.
Respiratory tract irritation increases with inhal ed vapour
concentration and may result in severe life-threatening pul nobnary
di sease. Repeated exposure (2 - 8 weeks) to ethyl ene oxi de vapour
at or above 900 ng/ n? produced sensory and notor neurol ogi cal

i mpai rment and may result in a peripheral neuropathy. In animals,
the latter was often acconpani ed by muscul ar atrophy. Lesions in
the nmedul | a obl ongata of nonkeys, following 2 years of intermttent
exposure (7 h/day, 5 days/week) to 90 and 180 ng/n? i ndi cat ed
neuropathy in the brain, which may be related to the neuropathies
observed in nman and ot her ani mal species. Cardiovascul ar coll apse
and renal failure have been attributed to residues of ethylene

oxi de in nedical equipnent.

Et hyl ene oxi de al kyl ates DNA and is nutagenic for plants,
nm croor gani sme, insects, and manmals. Cytogenetic studies on nman
have shown dose-rel ated increased frequencies of both sister
chromati d exchanges (SCEs) and chronbsonmal aberrations; in one
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study, SCEs devel oped following daily exposure for less than 5 nmin
per day.

The evi dence that ethylene oxide is a reproductive toxin is
| ess conclusive. Were fetal devel opnmental effects have occurred,
the doses of ethyl ene oxi de approached or equall ed those produci ng
maternal toxicity. To date, inpaired male reproductive function in
ani mal s has been denpnstrated only at concentrations of 90 ng/nt or
nore in long-termintermttent exposures or at higher air
concentrations for brief exposures. |In pregnant wonen, the results
of one study suggest that occupational exposure estimated to be an
8-h tine-weighted average of 0.18 - 0.90 ng/n?, wth peak
concentrations up to 450 ng/nt, was associated with spontaneous
abortions. However, limted exposure data prevents the
establishnent of a relationship between abortion rates and exposure
| evel s.

Et hyl ene oxide is carcinogenic for aninmals when adninistered by
the intragastric, subcutaneous injection, and inhalation routes of
exposure. In nman, 2 studies have shown an associ ati on between
et hyl ene oxi de exposure and an excess risk of cancer, but both
studi es have limtations. Airborne concentrations of ethylene
oxide in the 2 studies were reported to be tinme-wei ghted averages
of 36 + 18 ng/nt and 10 - 50 ng/n¥, with occasional brief exposures
in excess of the odour threshold (900 - 1260 ny/ n?).

Taki ng into account avail able data concerning the al kyl ating
nature of ethyl ene oxide, the denpnstrati on of DNA adducts, and the
overwhel mngly positive in vivo responses in nutagenic and
cl ast ogeni ¢ assays, the reproducible positive carcinogenic findings
in animals, and the epidem ol ogi cal findings suggesting an increase
in the incidence of human cancer, ethylene oxide should be
consi dered as a probabl e human carcinogen, and its levels in the
envi ronnment shoul d be kept as | ow as feasible.

2. PROPERTI ES AND ANALYTI CAL METHODS

2.1. ldentity

Structural formula: O
[\
/ \
/ \
H-G------ C-H
| |
| |
H H
Mol ecul ar formul a: GH,O
Abbr evi ati on: EOQ, ETO
Conmon synonyns: di hydr ooxi rene; di net hyl ene oxi de;

1, 2- epoxyet hane; ethene oxi de;
oxane; al pha, beta-oxi doet hane;
oxi rane (CAS and | UPAC nane)

Conmon trade nanes: Anprol ene; Mel gas; Merpal; Sterigas
P (pure products); Carboxide;
Cartox; Etox; Oxyfume 20; Oxyfune
30; Sterigas 90/10; Steroxide 20;
T-gas (formul ati ons with carbon
di oxi de); Oxyfume 12; Sterigas
12/ 88; Steroxide 12/88 (fornul ations
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wi th fluorocarbons); Etoxiat
CAS regi stry nunber: 75-21-8
RTECS regi stry number: KX 2450000
2.2. Chem cal and Physical Properties of Ethylene Oxide

Et hyl ene oxide is a gas at roomtenperature and nor mal
at nospheric pressure. It condenses to a liquid at 10 °C. The
vapour is highly flammabl e and subject to expl osive deconposition
The liquid is stable to commopn detonating agents, but nay
polynmerize violently after initiation by acids, bases, or heat.
Pol yreri zation is catal ysed by netal chlorides and oxi des.
Et hyl ene oxide is very reactive in both the liquid and vapour
phase. Ring opening readily occurs with rel ease of enerqgy,
particularly in reactions wth nucl eophiles such as water,
al cohol s, halides, am nes, and sul fhydryl conpounds.

Sone physical and chemical data on ethyl ene oxide are given in
Tabl e 1.

Table 1. Sonme physical and chenical data on ethyl ene oxide

Physi cal state gas
Col our col ourl ess
Gdour et herea
Qdour threshol d 470 ng/ nt for perception and
900 - 1260 ng/ nt for recognition?
Rel ati ve nol ecul ar nass 44. 05
Mel ting point -111 °C
Boi | i ng poi nt 10.4 °C
Water solubility infinitely soluble
log n-Cctanol -water partition -0.30

coefficient

Density 0.87 g/m, 20 °C

Rel ati ve vapour density 1.5

Vapour pressure 146 kPa (1095 mmHg), 20 °C
Fl ash poi nt < -18 °C (open-cup)
Flammable limts 3 - 100% by vol une

@ From Jacobson et al. (1956) and Hellman & Small (1974).

Conver si on factor

et hyl ene oxi de 1 ppm= 1.80 ng/nf air at 25 °C
and 101.3 kPa (760 mm Hg)

2.3. Analytical Methods

Met hods for the sanpling and determ nation of ethylene oxide in
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bl ood, and urine are
Sone net hods are al so suitable for
reaction products such as 2-chl oroet hano

(et hyl ene chl orohydrin) and 1, 2-et hanedi ol (nonoethyl ene glycol).

Anal yti cal nethod

Detection limt

Comment s

Ar

\Wat er

sampling on
charcoal ;
desorption with
car bon disul fide

sanpling on
charcoal ;
desorption with
carbon disul fide

trapping in
dilute sulfuric
aci d using
a m croi npi nger

gas chromat ogr aphy
with electron capture
detection after der-
ivatization with

hydr ogen brom de

gas chromat ogr aphy
with flane ionization
det ection

gas chromat ogr aphy
with flanme ionization
det ecti on

i nfrared spectro-
scopy

colorinetric direct
readi ng i ndi cat or
t ubes

gas chromat ogr aphy
with flane ionization
det ection

0.024 ny/ n?

0.27 my/ n?

1.8 ny/
(99-litre
sanpl e)

1.8 ny/nt

18 ngy/ n?

2 ng/litre

sample size 1
sui tabl e for
and area non

sanpl e size <
litre; suita
per sonal and
noni tori ng

sample size 1
litre; suita
personal and
noni t ori ng

direct analys
for instanta
conti nuous a
ing; limted

si nmpl e, cheap
giving a goo
with gas chr:
anal ysis; su
short-terma
nents; limt:

direct analy
sui table for
mai n reactio
drugs and fo
can be analy
extraction w

Anal ytical nethod

Food

Pl astic
materia

extraction by
5:1 acetone-

wat er (by vol -
unme) for 24 h

t her ma
desorption in an
airtight bottle

at 40 °C for
30 mn
thermal desor p-

tionin an air-
tight vial at

gas chromat ogr aphy
with flame ionization
det ection

colorinetry using
paper strips with
sodi um sul fite and
t hynol bl ue-phenol -
pht hal ei n i ndi cat or

gas chromat ogr aphy
with flanme ionization
det ection

0.1 ny/ kg

sanpl e size
al so suitabl:
uring reacti

sinmpl e, chea
headspace an:
sanpl e size

al kene oxi de
hydes may in

headspace an:
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100°C for 15 mn

Bl ood, gas chromat ogr aphy
Uri ne with flame ionization
det ection

I nst ant aneous gas chromat ogr aphi ¢ neasurenents of ethyl ene
oxide in air can be performed after taking grab sanples
(Mouill eseaux et al., 1983). The rather conplex gas
chr omat ogr aphi ¢ procedure of Scudanore & Heuser (1971) for the
determ nati on of ethylene oxide and reaction products in food could
be replaced by a sinpler procedure, using tenperature progranm ng
(Pfeilsticker et al., 1975). Titrinmetric or colorinetric methods
are avail able, but these nethods are not specific, are often
subject to systematic errors, and are not applicable for continuous
noni tori ng.

In studies on nmice and rats, the degree of alkylation of am no
acids, particulary of histidine, in haenogl obin can be used for
nonitoring the tissue doses of ethylene oxide. Assum ng even
distribution, tissue dose is defined as the integral of the
cal cul ated concentration of free ethylene oxide in the tissues over
a specified period of time (Ehrenberg et al., 1974; Osterman-Col kar
et al., 1983; Segerback, 1983). A sensitive nethod, based on
derivatization with heptafluorobutyric anhydride foll owed by gas
chr omat ogr aphy and nass spectronetry was devel oped to neasure the
amount of N°-(2-hydroxyethyl)histidine in haenpgl obin (Calleman et
al., 1978). This nethod has a detection limt of 0.004 pg/g
haenogl obin. It was used in industrial workers by Callenan et al
(1978) and van Sittert (1985). Human haenogl obin has a life span
of about 4 nmonths and, therefore, may integrate the dose of
et hyl ene oxi de over a |long period (Gsterman-Gol kar et al., 1976).
The resol vi ng power of detection of haenogl obin al kylation due to
exposure to ethylene oxide appears to be limted by the occurrence
of background al kylations. It was estimated that exposures of |ess
than 9 ng/n? coul d be nasked by these background al kyl ati ons
(Csterman- Gol kar, 1983). More validation work in human beings is
still needed.

3. SOURCES I N THE ENVI RONVENT, ENVI RONVENTAL TRANSPORT AND
DI STRI BUTI ON

3.1. Production, Uses, Disposal of Wastes

3.1.1. Production |evels and processes

In 1978, world production of ethylene oxide was estinmated to be
4540 kil otonnes (Clayton & C ayton, 1981). The USA production
whi ch roughly accounted for half of this figure, rose from 1750
kil otonnes in 1970 to 2400 kil otonnes in 1980 (USITC, 1971, 1981).
For 1983, USA production was estimted to be 2540 kil ot onnes
(Webber, 1984). In western Europe, 865 kil otonnes were produced in
1972 (d aser, 1979), while for 1981, production was estinmated to be
1370 kil otonnes (1 ARC, 1985). In Japan, 470 kil otonnes were
produced in 1982 (1 ARC, 1985). Ethylene oxide is also produced in
Australia, Brazil, Bulgaria, Canada, China, Czechosl ovakia, the
German Denocratic Republic, India, the Republic of Korea, Mexico,
Pol and, Romania, and the USSR (I ARC, 1985). Fromthe above data,
it can be derived that the current world production will be far
above 5500 kil otonnes per year

Et hyl ene oxide is chiefly produced by the oxidation of ethene

direct analy:
centrifugati
tight vials;
able for nea
net abolites
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with air or oxygen in the presence of a silver oxide catalyst.

This process has virtually replaced the chlorohydrin process in

whi ch 2-chl or oet hanol (ethyl ene chl orohydrin) reacts wi th potassium
hydr oxi de or cal ci um oxide. Conmon inpurities in the oxidation
process are water, acetic acid, acetal dehyde, and organi c and

i norganic chlorides (WHO, 1978). Comon inpurities in the

chl orohydrin process are vinyl chloride, 1,2-dichloroethane,

chl or oet hane, and et hyl ene chl or ohydri n.

3.1.2. Uses

Virtually all the ethylene oxide produced is used as an
internediate in the production of various chemcals. |In order of
i mportance in the USA, the principal chemicals are: the antifreeze
1, 2- et hanedi ol ; pol yethyl ene terephthal ate polyester for fibres,
films, and bottles; non-ionic surface active agents; glycol ethers;
et hanol anmi nes; and choline. A small fraction of the total
consunption (about 1% in the USA in 1976) was used as an
antimcrobial sterilant or as an insecticidal fum gant (WHO, 1978;
G aser, 1979). Less than 0.02% of this production (500 000 kg) was
used for sterilization in hospitals (G aser, 1979). |In Belgium an
estimated 0.07% of the total consunption of ethylene oxide (120 000
kg) was used in the health care and nedical products industries in
1980 (Wl fs et al., 1983).

3.1.3. Disposal of wastes

Escape through air vents during production and sterilization
appears to be the nost inportant source of release of ethylene
oxide into the environnent. The waste gas can be renoved fromthe
air by scrubbing. Em ssion control of liquid wastes mainly occurs
by incineration in |iquid-burning hazardous waste incinerators.
Process waters for the nmanufacture and use of ethylene oxide are a
m nor problemw th respect to waste managenent. Conventiona
ef fluent water treatment including biological treatnment is reported
to be sufficient. No specific solid wastes are associated with the
manuf acture of ethyl ene oxide (Bogyo et al., 1980).

3.2. Transport and Fate in the Environnent

The main pathway of entry of ethylene oxide into the
environment is through its escape into the atnosphere due to
evaporation and with vented gases during production, handling,
storage, transport, and use. Mst of the ethylene oxide applied as
a sterilant or fumgant will enter the atnosphere (Bogyo et al.
1980). In the USA, production |osses were estimated at 13 kg per
tonne of ethyl ene oxi de produced by catal ytic oxidation
Sterilization and fum gation processes were estinmated to account
for a loss of 9 kg per tonne of ethylene oxide produced or
approximately 1% of the total consunption (WHO, 1978). |n 1980,
this would have neant a conbined | oss of 53 kil otonnes of ethylene
oxi de into the atnosphere in the USA, which is approxi mately 2% of
the total production in the USA

At anbient |evels, ethylene oxide will be renoved fromthe
at nosphere via oxidation by hydroxyl radicals. On the basis of a
theoretical rate constant for this reaction, the atnospheric
resi dence time of ethylene oxide was estimated to be 5.8 days
(Cupitt, 1980). However, experinmental data have shown the
residence tinme to be 100 - 215 days, depending on the hydroxyl
radi cal concentration and the anbient tenperature (US EPA, 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 photochenical reactivity of ethylene oxide, in terns of its
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ozone-formng ability, is low (Joshi et al., 1982). Evaporation
fromwater is a significant renpoval process. Under specific
conditions, Conway et al. (1983) found a half-life of 1 h for the

evaporation of ethylene oxide fromwater. In the environment,
chemi cal degradation in water through ionic reactions appears to be
conparatively slow. In neutral, fresh water at 25 °C, ethyl ene

oxide is broken down to form1, 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-catal ysed (Virtanen, 1963). 1In the
presence of halide ions, 2-haloethanol will also be fornmed. In
neutral water of 3% salinity, at 25 °C, 77% of ethyl ene oxi de was
found to react to form 1, 2-ethanediol and 23% to form 2-

chl oroethanol with a half-life of 9 days (Conway et al., 1983).

Et hyl ene oxide and its possible nmetabolites can be bi odegraded
slowy by aerobic mcroorgani sns. Biological oxygen demands of 3 -
5% and 52% of the theoretical oxygen demand were determn ned for
et hyl ene oxide after 5 and 20 days, respectively, using a donestic
sewage seed (Bridié et al., 1979b; Conway et al., 1983).

4. ENVI RONVENTAL LEVELS AND HUMAN EXPOSURE
4.1. Cccurrence in the Environnent

No data are avail abl e concerning |l evels of ethylene oxide in
air, water, or soil, follow ng em ssion from production plants, and
there are no data indicating that ethyl ene oxide occurs as a
natural product. Mst of the ethylene oxide used for funigation or
sterilization finally enters the environnent, mainly the air.
Uncontrol l ed em ssion of ethylene oxide froma hospita
sterilization chanber led to high levels of the sterilant in the
i mmedi at e surroundi ngs. Concentrations of between 7700 and 12 000
my/ ¥ were neasured, 2 - 3 mfrom an exhaust pipe on the outside
wal | (Dunkel berg & Hartnmetz, 1977).

4.2. Ceneral Popul ation Exposure

4.2.1. Exposure via food and tobacco

Resi due |l evels, after fum gation or sterilization using
et hyl ene oxi de, depend on a nunber of factors, such as the
concentration of ethylene oxide, the conposition of the gas,
tenperature, aeration, and storage conditions after treatnent,
the type of commodity and its moisture and lipid content, pH
perneability, particle size, and packagi ng. Absorbed ethyl ene
oxi de di sappears rapidly. In a variety of comuodities,
concentrations between 32 and 7000 ng/ kg wet weight, found 1 h
after treatnment, dropped to below 1 ng/kg within 14 days of
storage, at anbient conditions. However, seal ed storage or storage
at low tenperatures will inpede desorption considerably (Scudanore
& Heuser, 1971). |n spices, ethylene oxide at concentrations of
53 - 116 ng/ kg wet weight, nmeasured 2 days after fum gation, fel
to less than 25 ng/ kg within another 24 days (Gerhardt & Ladd
Effio, 1983).

Et hyl ene oxide will react with chloride and bronide ions in
commodities to form 2-chl oroet hanol and 2- br onpet hanol
respectively. This reaction can continue after treatnent. Levels
of 2-chl oroet hanol of up to several thousands of ng/kg wet weight
have been neasured, depending on, anong other factors, the chloride
content and pH of the comodity, and the concentration of ethylene
oxi de (Wesley et al., 1965; Ragelis et al., 1968; Buquet & Manchon
1970; Scudanore & Heuser, 1971; Gerhardt & Ladd Effio, 1983).
Under unfavourable (e.g., air-tight) conditions, 2-chloroethano
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can persi st much | onger than residues of ethylene oxide, even

| onger than one year after treatnment. 2-Chloroethanol will

di sappear rapidly fromfreely-aerated and finely-divided
commodities. However, 2-bronmpethanol deconposes slowy (Scudanore
& Heuser, 1971; Stijve et al., 1976).

The formati on of 1, 2-ethanedi ol (nonoethylene glycol) and
2, 2' oxybi set hanol (diethylene glycol) fromwater and ethyl ene oxide
are conpetitive reactions (CGordon & Thornburg, 1959; Buquet &
Manchon, 1970; Scudanore & Heuser, 1971). Levels in food up to
2420 nmg/ kg wet wei ght have been reported for 1,2-ethanediol and up

to 65 ng/ kg wet weight for 2,2'-oxybisethanol, 6 - 12 nonths after
sterilization (Scudanmore & Heuser, 1971). Food constituents can
al so be al kylated. Hydroxyethylated derivatives of anino acids,
vi tam ns, al kal oi ds, and sugars have been identified that night
affect the nutritive value of food. A change in organol eptic
properties has been reported for a variety of foodstuffs (GCser &
Hal I, 1956; CGordon & Thornburg, 1959; Wndnueller et al., 1959;
Kréller, 1966; Pfeilsticker & Siddiqui, 1976).

2- Chl oroet hanol was detected in cigarette snoke at |evels of

350 and 82 ng/nt trapped snoke, 1 and 49 days, respectively, after
fum gation of the tobacco (Chai gneau & Miuraz, 1981).

4.2.2. Exposure via nedical equipnent

Et hyl ene oxi de may al so be absorbed by nedical equipnent during
sterilization and may remain in the materials for sonme tinme, as the
unchanged conpound or as its reaction products. Factors affecting
residue levels are simlar to those nentioned in section 4.2.1 for
food. Aeration and storage conditions are very inportant,
particularly with respect to possible worker exposure.

O her conditions being equal, the renoval of ethylene oxide
resi dues by aeration takes longer in plastics such as polyvinyl
chl oride, polyether-polyurethane, polyglycolic acid, and gl assy
polyners. Desorption periods for ethylene oxide in polyethyl ene
and rubber materials and textiles are shorter (MGunnigle et al.
1975; Gllespie et al., 1979; Glding et al., 1980; Star
1980b, ¢, d; Dauvois et al., 1982). Star (1980b) sterilized
pol yvi nyl chloride and rubber tubes and found that initial residues
of ethyl ene oxide in polyvinyl chloride tubes of between 3510 and
7300 ng/ kg dropped to between 3 and 443 ng/ kg after 7 days of
aeration at roomtenperature. |In rubber tubes, ethylene oxide
resi dues dropped from 291 and 858 ng/ kg after sterilization to
| evel s of between 2 and 24 ng/ kg, after 24 h of aeration at room
tenmperature. Using the sane sterilization nmethod, sinmlar |levels
i n polyvinyl chloride and rubber tubes were reached after 24 and
4 h of aeration, at 62 °C, respectively (Star, 1980c). Ethylene
oxi de residues in sterilized cotton wool, adhesive dressings, and
conpresses dropped from between 270 and 3600 ng/kg to 2 ng/ kg or

less, in 7 - 8 days of storage. |In sanitary pads, the latter
resi due |l evel was only reached after 14 - 32 days of storage
(Dauvois et al., 1982). |In sterilized pharmaceutical products,

et hyl ene oxide |l evels ranging fromthe detection Iimt up to 16 300
ng/ kg wet wei ght were neasured after 2 - 8 h of vacuumtreat nent;

1, 2-ethanedi ol was also identified (Adler, 1965). Ethylene oxide
levels in water eluates fromholl owfibre dialysers corresponded to
a theoretical residue of 1 ng of ethylene oxide per dialyser (50
ng/ kg) after an aeration period of 60 days. During 6 h of elution
the concentration of ethylene oxide in the hourly water eluates did
not change substantially (Henne et al., 1984).
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Maxi mum r esi dues of 2-chl oroethanol in polyvinyl chloride
tubes, ranging between 20 and 40 ng/ kg, dropped to bel ow the
detection limt, within 4 days (Star, 1980d; Jordy, 1983). In

rubber, however, the 2-chl oroethanol |evel rose from 300 ny/ kg,
directly after sterilization, to a maxi numof 800 ng/kg, 3 h later
desorption was slow (Jordy, 1983). Ganma-irradi aton before
sterilization of polyvinyl chloride by ethyl ene oxide can increase
the 2-chl oroet hanol residues considerably (Star, 1980d). For the
toxi col ogy of 2-chl oroethanol, see Vettorazzi (1979).

4.3. Cccupational Exposure

In a total of 8 production plants, the levels of worker
exposure to ethylene oxide, in recent years, were reported
generally to be bel ow 18 ng/nt (Hogstedt et al., 1979b; Mrgan et
al., 1981; Thiess et al., 1981b). In a nodern production plant in
west ern Europe, the geonetric nmean of 0.5 hour-sanples, taken in
1974, was less than 0.02 ng/n?. The geonetric mean of 8-h sanples
was | ess than 0.02 ng/n?in 1978 and 1980, and 0.22 ng/ntin 1981.
In 89% of the total of 273 sanples, the concentration of ethylene

oxide was less than 0.2 mg/n?. In the remaining sanples,
concentrations of up to 11.6 ng/nt were found (van Sittert et al.,
1985). In a plant in the USA typical average daily exposures were

reported to be 0.3 - 4.0 ng/n? in 1979 (Flores, 1983).

Cccasional ly, higher values can occur. Thiess et al. (1981a)
reported a maxi mum of 3420 ng/n?¥, during a plant breakdown. Flores
(1983) reported worst-case peak exposures of up to 17 000 ng/ nt.

In the past, exposure |evels were higher (Joyner, 1964; Hogstedt et
al ., 1979b).

Al t hough the vol ume of ethyl ene oxide used for sterilization is
relatively small, many workers are involved. In the USA
approximately 75 000 health-care workers were estinmated to be
potentially exposed in 1977 (d aser, 1979). Peak concentrations of

up to 1800 ng/ nt have been neasured and occurred mainly when the
sterilization chanbers were opened. Exposure |levels very nuch
depend on the scal e and techni ques of the process used.

In 4 hospital sterilization units in France, in 1980,
concentrations of between 0.9 and 410 ng/ n? were measured, after
sanpling for several minutes. During the |oading of the
sterilizers, the average |levels per unit ranged from3 to 45 ng/nt.

During unl oadi ng, averages of 8 - 97 ng/nTt were nmeasured. In a
desorption room 1- or 2-h time-weighted average | evels of between

18 and 173 ng/ m’ were neasured; at other sites, time-weighted

averages were |ess than 17 nmg/nt (Mouil | eseaux et al., 1983).
Exposures, after the opening of sterilizers, ranging fromless than

0.2 to 111 ng/n? were found by personal sanpling over severa
mnutes in 16 hospitals, in Belgium in 1981 - 83. In one other

hospital, an average of 477 ng/nt was neasured by persona
sanpling. In the desorption roons of a total of 19 hospitals in
Bel gium the tinme-weighted average concentrations, over 30 mn,

ranged fromless than 0.02 ng/n? up to 120.6 ng/nt. |n nearby
roons of several hospitals, average 30-m n exposure levels of up to

15 ng/ n? were neasured (Lahaye et al., 1984). In 6 hospita
sterilization units in Italy, using pure ethylene oxide, the 8-h

ti me-wei ght ed average concentrations were 6.7 - 36 ng/n with an
average of 19.3 ng/n’. Continuous sanpling during the 5-min

interval follow ng the opening of sterilizers revealed tine-
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wei ght ed average concentrations of 18 - 288 ng/n? (average 112.5
my/m?). In 2 other hospitals in Italy, using 11% ethyl ene oxide in
freon, the 8-h time-weighted average |evels were 0.36 - 0.90 ng/n?
with an average of 0.63 ng/n¥, and the 5-nin exposure |evels were
9 - 47 my/ n? (average 15.5 ng/n?) (Sarto et al., 1984). Tine-

wei ght ed average exposures of Swedi sh personnel involved in
sterilizing medical equipment in 1975 were 14 ng/n?, when the
sterilizer door was open, and 2.3 ng/nt, when the door was cl osed.
Bef ore wor ki ng routi nes were changed, these levels had been 52 and
16 ng/ n?, respectively. Instantaneous peak |evels had reached

94 ng/ . In another Swedish factory, in 1978, the ti me-weighted
average personal exposure, during a total shift, was 4.3 ng/n?
(Hogstedt et al., 1983). Pero et al. (1981) reported 1-h tine-

wei ght ed average personal exposures of up to 18 ng/nt for a
sterilization facility in Sweden

Data fromthe USA agree with the data from Europe. For workers
in5 sterilization roons of a hospital in the USA, 15-mi n exposures
of up to 86 ng/nt were found with 8-h time-weighted averages
ranging fromless than 0.13 to 7.7 ng/n? and i nst ant aneous peaks of
up to 1430 ng/nt (Hansen et al., 1984). At 3 work-sites in the
sterilization facilities of a plant manufacturing health-care
products, 8-h tinme-weighted averages of 0.9, 9 - 18, and 9 -

36 g/ nt were neasured prior to 1980, but fromthat year onwards,
the 8-h time-weighted averages were below 1.8 ng/n? (Stoll ey et
al ., 1984).

5. KINETI CS AND METABCLI SM
5.1. Absorption

Et hyl ene oxide is very soluble in blood. Therefore, pul nmonary
upt ake is expected to be fast and to depend only on the al veol ar
ventilation rate and the concentration of ethylene oxide in the
inspired air. Ehrenberg et al. (1974) cane to such a concl usion
after inhalation studies on mice. The rate of uptake of ethylene
oxi de was 1.1 pg/ kg body weight, per min, at an exposure |evel of
1 mg/ . This corresponds to nearly 100% absorption of ethyl ene
oxide from1.1 litre of air per mn and per kg body weight, which
is the reported rate of alveolar ventilation in resting mce
(Altman & Dittrer, 1974). No specific infornation pertaining to
skin absorption is avail able, but accidental exposure of the skin
of 3 industrial workers to 1% aqueous sol ution of ethyl ene oxide
was reported to have resulted in marked nausea and profuse voniting
(Sexton & Henson, 1949).

5.2. Distribution

Et hyl ene oxide is rapidly distributed throughout the body. In
m ce, body autoradiography, 2 min after intravenous injection,
showed that concentrations of ethylene oxide in the liver, kidneys,
and pancreas were 3 - 4 times those in the blood. Between 20 nin
and 4 h after exposure, radioactivity was distributed throughout
the body (Appelgren et al., 1977). Directly after inhalation by
m ce, the highest concentrations of |abelled ethylene oxide or its
netabolites were found in the liver, kidney, and lung. The
radi oactivity in the liver and kidney dropped exponentially and
approached the levels in the lung, testes, spleen, and brain within
4 h, indicating rapid netabolismand excretion (Ehrenberg et al.
1974). On the basis of tissue alkylation data (Ehrenberg et al.
1974) or haenogl obin al kyl ati on data (Osterman-CGol kar et al., 1976,
1983), a half-life of approximately 10 mn was estinmated for the
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first-order clearance of ethylene oxide fromnobuse or rat tissues.
A simlar value for man was estinmated on the basis of haenopgl obin
al kyl ation data (Calleman et al., 1978). |In dogs, intravenously-
admi ni stered et hyl ene oxide cleared fromplasma with a nmean hal f -
life of 33 min, which was independent of the dose levels of 25 and
75 ng/ kg body weight. C earance of the confirned netabolite 1, 2-
et hanedi ol fromplasm, follow ng intravenous adm ni stration, was
slower with a half-life of between 3 and 4.4 h (Martis et al.
1982).

When the degree of protein and DNA al kyl ati on was investi gated
in mce and rats, only snmall variati ons were observed between the
different tissues in the species. Apparently, npbst organs receive
a nore or |less equal dose of ethylene oxide after distribution
t hroughout the body. The extent of protein al kylation was
approximately equal in the lung, liver, kidney, and spleen of nice,
120 nmin after inhalation of 2 ng ethylene oxide/n? air, for 75 min,
but in the testes, it was about 50% | ower. When the vapour
concentration was increased (up to 59 ng/nt), the degree of protein
alkylation in the liver increased relative to that in the other

tissues. In all the tissues investigated, protein alkylation
increased linearly with the dose up to an exposure |evel of

59 ng/n?, and was relatively constant for at |east 3.5 h follow ng
exposure (Ehrenberg et al., 1974). Haenogl obin al kyl ati on was
previously discussed in section 2.3.

When 0.4 ng et hyl ene oxi de/ kg body wei ght was adni ni st ered
intraperitoneally to nmce, DNA alkylation in the testes and spl een
was, respectively, 50 and 40% of that in the liver, 5 h after
exposure. The approximate half-lives of the al kylation products
were 24 h in the spleen, 10 h in the testes, and 12 h in the liver
For the spleen, this half-life was found to be shorter in vivo
than in vitro, indicating active renoval (Segerback, 1983). 1In a
simlar study on rats receiving 0.1 or 0.9 ng ethyl ene oxi de/ kg
body wei ght, DNA al kylation in the testes was about one-third of
that in the liver (Osterman-Gol kar et al., 1983). So far, N-(2-
hydr oxyet hyl )guanine is the only DNA al kyl ati on product that has

been found in vivo (Ehrenberg et al., 1974; Segerbéck, 1983). This

reaction product has also been identified in vitro (Brookes &
Lawl ey, 1961). In addition, adenosine also reacted in vitro with
ethyl ene oxide to form N-(2-hydroxyethyl)-adenosine (W ndruel | er
& Kapl an, 1961). Wen ethylene oxide reacted in vitro with
uridine, N-(2-hydroxyethyl)uridine was the only product found,
but in the reaction with uridine-5-phosphate, phosphodiester
formati on was observed (Wkita et al., 1963).

5.3. Metabolic Transformati on and Excretion

Avai l abl e animal data indicate 2 possible pathways for the
net abol i sm of ethyl ene oxide, i.e., hydrolysis and gl utathione
conjugation (Fig. 1).

In dogs, peak levels of 13 and 33 ng 1, 2-ethanediol/litre
bl ood- pl asma were neasured between 1 and 3 h after intravenous
adnm nistration of 25 or 75 ng ethyl ene oxide in water/kg body
wei ght, respectively. As the half-life for hydrolysis is about
60 h at 40 °Cin neutral fresh water (Virtanen, 1963), the
i nvol vemrent of an epoxi de hydrol ase (EC 3. 3.2.3) has been
suggested, but this has not yet been confirned. The peak
concentration of 1,2-ethanediol at 25 ng ethyl ene oxi de/ kg body
wei ght represented approxi mately 25% of the dose of ethyl ene oxide.
Wthin 24 h, 7 - 24% of the dose was excreted in the urine as 1, 2-
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et hanediol. No other conmpound-rel ated netabolites were identified
(Martis et al., 1982). 1In the serumof 18 workers occupationally
exposed to ethyl ene oxide (range 0.54 - 27 ny/n?; average 7.56

my/ n¥), for an average of 5.3 years, the blood concentration of

1, 2- et hanedi ol was found to be el evated conpared with that in
unexposed controls (Wl fs et al., 1983).

The results of studies on rats, rabbits, and nonkeys have shown
that sonme 1, 2-ethanediol is nmetabolized but that nost of it is
excreted unchanged in the urine (Gessner et al., 1961; MChessney
et al., 1971).

glutathione /0\
GSCH3 CH5OH ) {GHS) water = HOCHy;CHy OH*
S-2-(hydroxy— = CHjz CHy * 1,z-ethanedoil
ethyl-glutathione)} {glutathione ethylene {epoxide .57 L RURECO!

1 transferase} oxide hydrolase?)

l

HOCHy CHO
hydroxyacetaldehwde

HOOCCHNHy CHy SCHy CHy OH*
5-2—{hydroxyethyl} cy¥steine

|

HOOCCHNHECH; SCHy CHy OH* HOCH COOH*
N-acetyl-5—-{2hwydroxyeth¥l)} cysteine hydroxyacetic acid
{R=COCHz) COOHCOOH* {glv¥colic acid)

[E-{2-hydroxyethy¥]l) mercapturic acid] \ 1

HCOCOOH
oxoacetic acid
{glyoxwlic acid)

Hcoﬂn‘f#’f#

formic acid

urine

ethanedioic acid
{oxalic acid)}

+
COg
MET BIFESe carbon dioxide

Metabolism of ethylene oxide {*metobolites experimentally identified by Gessner et al. |
1961; McChessney et al., 1971; Jones & Wells, 1981).

G5H = glutoamylecysteinyleglycine.

When a single dose of 2 ng | abelled ethyl ene oxide in
propanedi ol / kg body wei ght was applied intraperitoneally to rats,
43% of the adm nistered radioactivity was excreted in the urine
within 50 h (41% within 24 h) of exposure, 9%as S-(2-
hydr oxyet hyl ) cystei ne and 33% as N-acetyl- S-(2-hydroxyethyl)
cysteine, both products of glutathione conjugation. Via the |ungs,
1. 5% was excreted as carbon dioxide and 1% as unnet abol i zed
et hyl ene oxide (Jones & Wells, 1981). The invol venent of
gl ut at hi one- epoxi de- S-transferase (EC 4.4.1.7) has not been

i nvestigated further. In vitro glutathione conjugation of the
honol ogue propyl ene oxi de was shown to proceed only in the presence
of an enzyne (Fjellstedt et al., 1973). |In rabbits, no effect was

found on liver- and bl ood-glutathione |levels, after 12 weeks of
exposure to concentrations of ethylene oxide at 18, 90, or 450

my/ ¥, for 5 days per week, 6 h per day (Yager & Benz, 1982).

As ethyl ene oxide can react with chloride ions, and this
reaction is acid catal ysed, 2-chloroethanol m ght be expected to be
a netabolite, especially after oral adm nistration. However,
nei t her 2-chl oroethanol, nor its netabolites (Johnson, 1967; G unow
& Altman, 1982) have been found in the plasna, tissues, or urine of
speci es exposed to ethyl ene oxide.

Ehrenberg et al. (1974) found that an average of 74% of
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| abel | ed et hyl ene oxi de, inhaled by mce, was excreted in the urine
within 24 h in the formof unidentified netabolites, and only 4%
within the next 24 h. Thus, on the basis of this and previously-
presented excretion data, excretion of metabolites of ethylene

oxi de mainly takes place via the urine, within 24 h foll ow ng
exposure.

6. EFFECTS ON ORGANI SM5 | N THE ENVI RONMVENT

A summary of the acute toxicity of ethylene oxide for aquatic
organisns is presented in Table 3. Data on the nost likely
reaction products, 1,2-ethanediol and 2-chloroethanol, are
i ncl uded.

LGsos of ethylene oxide for aquatic speci es have been reported
to range from90 ng/litre (goldfish, 24-h exposure) to 745 ng/litre
(brine shrinp, 48-h exposure). M croorganisns in activated sl udge
showed 50% i nhibition at concentrati ons between 10 and 100
ng/litre. Hydrolysis to 1,2-ethanediol results in detoxification
The toxicity of 2-chloroethanol for aquatic organi sns resenbles
that of ethyl ene oxide, though 2-chloroethanol seens to be nore
toxic for Daphnia nagna. Nevertheless, under environnenta
conditions, the conversion of ethylene oxide to 2-chl oroethanol or
1, 2-ethanediol will be slow

In a study on the al bino guppy, Poecilia reticulata, desorption
of ethylene oxide or its reaction products from non-aerated plastic
materials into water can | ead to behavioural disturbances in the
fish al nost i mediately, and to death within about one h. No such
toxicity was found when the materials were aerated for 24 h
(O Leary et al., 1969).

Et hyl ene oxide is very soluble in agueous nedia and evaporates
fromwater to a significant degree. The log n-octanol water-
partition coefficient was reported to be -0.30 (Radding et al.

1977). Thus, ethylene oxide will not bioaccumnul ate.
Table 3. Acute aquatic toxicity?
Organi sm Descri ption T pH Dissolved Paraneter Test G
(°O oxygen subst ance (
M cr o- activated 22 50% growth et hyl ene oxi de 1
organi sms sl udge i nhibition 1, 2-ethanediol >
Crustacea water flea 17 7.0 mnimal 48-h LG5y et hyl ene oxi de 21
(Daphni a magna) aeration 1, 2- et hanedi ol
2-chl oroet hanol 1
Fi sh fat head m nnow 22 7.0 no 96-h LG5y et hyl ene oxide 84
(Pi mephal es aeration 1, 2- et hanedi ol
pronel as) 2-chl oroet hanol !
Fi sh gol df i sh 20 6-8 no 24-h LGy ethyl ene oxide 90
(Car assi us aeration 1, 2- et hanedi ol
aur at us) (> 4
nmg/litre)
Fi sh brine shrinp 24 7.0 mnimal 48-h LG5y et hyl ene oxi de 74
(Artem a aeration 1, 2- et hanedi ol
sal i na) 2-chl or oet hano
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@Al tests were static. Water analysis for the substance under test was reporte
| ncubation on a shaker for 16 h

¢ Medi umwas fresh water, reconstituted using dechlorinated, carbon-treated tap w
concentrati on.

4 Medi um was | ocal tap water; 6 fish per concentration.
¢ Medi um was sea water, reconstituted using dechlorinated, carbon-treated tap wat

concentration.
7. EFFECTS ON ANl MALS
7.1. Acute Exposures

7.1.1. Oal, intravenous, and inhal ati on studies

The LDsps for ethyl ene oxide, adm nistered orally and di ssol ved
in water, were 330 ng/ kg body weight for nale rats and 280 and
365 ngy/ kg body weight for fenale and nale nmice, respectively (Snyth
et al., 1941; Wodard & Wodard, 1971). After inhalation, the 4-h
LCsos were 1500 and 1730 ng/nt for nouse and dog, respectively, and

2630 ng/ nt for rat (Jacobson et al., 1956). 1,2-Ethanediol, a
nmetabolite, is less toxic: LDsps for rat were above 10 000 ng/ kg
body weight, after oral admnistration, and 5210 ng/ kg body wei ght,
after intravenous adm nistration (Wodard & Whodard, 1971).

The sl ope of the dose-response curve in relation to the
nortality rate for ethylene oxi de was steep. After ora
adm nistration to rats, the difference between 0.1% nortality
(325 nmg/ kg) and 99.9% nortality (975 ng/kg) was approxi mately
650 ng/ kg body weight (Snyth et al., 1941). After inhalation for
4 h, this difference was approxi mately 3000 ng/n?, in nice, and
approxi mately 5000 ng/n?in rats. No deaths occurred in dogs at
1280 ngy/ n? (Jacobson et al., 1956). While no gui nea-pigs died
after inhalation of 450 ng ethyl ene oxide/nf air for 8 h, the
majority did so at 2400 ng/nt (Waite et al., 1930). |In the above
nortality studies, the lungs and nervous systemwere the main
targets in rodents and dogs. |In dynam c inhal ation exposure
studi es on guinea-pigs (Wite et al., 1930), rats, mce, and dogs
(Jacobson et al., 1956), nasal irritation was the first clinica
effect, as evidenced by scratching the nose, nasal discharge,
l achrymation, and salivation. Respiratory problens occurred
rangi ng from gasping to | aboured breathing. Dogs exhibited
| aboured breathing, vonmited, and suffered convul sions. Quinea-
pi gs, exposed to a concentration of 13 000 ng ethyl ene oxide/ n?,
for 2.5 h, were found lying on their sides, unable to stand, and
qui et. G oss pathol ogical changes in aninmals that did not survive
i ncl uded noderate congestion in the |ungs of dogs, mnor patchy
oedema in the lungs of rats, and congestion with oedenma in the
lungs of guinea-pigs. In rats, noderate congestion with petecchial
haenorrhage of the trachea was al so observed. Lobul ar pneunonia
and hyperaem a of the |iver and ki dneys were observed in guinea-
pi gs. Parenchymatous changes in the kidney of guinea-pigs were
seen at 2300 ng/ nt.

At axi a, prostration, |aboured breathing, and occasional tonic
convul sions were effects shown by rats and mce at |ethal oral or
i ntravenous doses of ethylene oxi de (Wodard & Wodard, 1971).
Vomiting was the only effect shown by dogs that had received 25 or
75 ng et hyl ene oxi de/ kg body wei ght intravenously (Martis et al.
1982).

In order to investigate the effects of residues of ethylene

oxi de or reaction products in sterilized nmedical equipnent, rabbits
were exposed for 2 h via polyvinyl chloride endotracheal tubes
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containing 0, 80, or 600 ng ethylene oxide/kg naterial. There were
no deaths, but rabbits receiving the tubes with the highest

resi dues showed increased incidences of hyperaem a, oedens,

| eukocyte infiltration, and epithelial erosion of the |arynx and
trachea (Star et al., 1980). Two groups of nine dogs each were
exposed t hrough extracorporeal perfusion for 40 min via a polyvinyl
chl ori de oxygenator containing 12 g ethyl ene oxi de/ kg nmateri al

Ni ne dogs with an interrupted pul nonary circul ati on di ed from shock
and pul nonary oedema. Six out of 9 dogs with a preserved pul nonary
circulation died frompul nonary distress. A group of 9 contro

dogs was treated in the sanme manner using a steamsterilized
oxygenator. Only 1 control dog died (Stanley et al., 1971).

7.1.2. Acute effects on eyes and skin

As noted above, ethylene oxide is an irritating agent for
several different species. A naxi mum non-danagi ng concentration of
0. 1% et hyl ene oxi de in bal anced physi ol ogical salt solution
(prepared daily and kept at 0 °C) was established after
instillation of 0.05 m solution, every 10 min for 6 h, into the
conjunctival sac of rabbits. The concentrations above 1% caused
reversi bl e changes in conjunctiva such as hyperaenmi a and swel | ing,
and irreversible opacity, both in the cornea and in the |ens.
Possi bl e reaction products, 2-chloroethanol and 1, 2-ethanedi ol
were less irritating to the eye (MDonald et al., 1973). The
results of in vitro tests with isolated rabbit cornea were in
agreenment with the results of these studies. In the in vitro
tests, the endothelia were perfused for 1 - 3 h with a bal anced
salt solution containing 250 ng ethyl ene oxide, 2250 ngy
2-chl oroet hanol, or 5000 ng 1, 2-ethanediol/litre. No effects were
observed on corneal thickness and cellular ultrastructure
(Edel hauser et al., 1983).

Skin irritation with hyperaem a, oedenmm, and scar fornation was
observed from®6 min after application of pads of cotton, npistened
with solutions of 100 or 500 g ethylene oxide/litre water, on the
shaved skin of rabbits, under a plastic cover. The intensity of
the response was reported to be roughly proportional to the length
of exposure tine (1 - 60 nmn) and the concentration (Hollingsworth
et al., 1956).

According to H ne & Rowe (1981), liquid ethylene oxide is
apparently w thout adverse effects on rabbit and human skin, on
single mld exposures, if the naterial evaporates rapidly. |If
| arge anmobunts of material are involved, evaporation may cause
sufficient cooling to cause a lesion simlar to frost-bite.

7.2. Short-Term Studi es

7.2.1. Inhal ation exposure

G oups of 10 - 20 Wstar rats per sex, 8 guinea-pigs per sex,
1 - 2 rabbits per sex, and 1 - 2 fenal e rhesus nonkeys were each
exposed to concentrations of ethylene oxide at |levels of 0, 90,

200, 370, 640, or 1510 ny/n?¥, for 7 h per day, and 5 days per week.
The feral e nonkeys were not tested at 90 ng/n?, and an additional 3

mal e nonkeys were tested at 640 ng/n?. The test period varied with
the species tested, and the severity of exposure, i.e.

approxi mately 26 weeks at 90 nmg/n?, 25 - 32 weeks at 200 and

370 ng/nt, 7 - 25 weeks at 640 ng/n?, and 10 days at 1510 ng/ nv.
Gui nea-pi gs, rabbits, and nonkeys tol erated 90 and 200 ng/n?, and
rats tol erated exposure to 90 ng/n? without adverse effects on
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general appearance, behaviour, nortality rate, growh, body and
organ wei ght, gross- and hi stopathol ogy. Rats showed el evat ed
mortal ity rates from 370 ng/n?, rabbits from 640 ng/nt, and al
exposed animals died at 1510 ng/nf. Secondary respiratory

i nfection caused the deaths of an appreciable nunber of rats and
mce in these studies.

Surviving rats showed increased relative |lung weights after
26 - 27 weeks at 200 and 370 ng/n¥. At 370 ng/nt, haenorrhages,
hyper aem a, enphyseman, and | ocal alveolar collapse were observed in
these lungs. Lungs of male rabbits also showed hyperaem a and
slight oedema at 370 ng/nt. Even nore severe lung injury was seen
in rats at 640 ng/nt and the higher exposure. Gross respiratory
tract irritation was apparent in all species at 1510 ng/ nt.

Del ayed reversible effects were observed on the periphera
nervous system Monkeys and rabbits exhibited paralysis of the
hind legs at 370 ng/nt and, together with rats, at 640 mg/nt. This
was acconpani ed by atrophy of the nuscles of the hind | egs, except
in rabbits at 370 nmg/n¥. The effects on the peripheral nervous
system were investigated further in nonkeys, and | oss of both
sensory and notor function was noted at |evels of 370 and
640 ny/ nt.

Significant increases in body weight were al so observed in
rats, at levels of 200 ng/n? or nore. Rats showed slight but
significant increases in the relative weights of kidney and Iiver
at 370 g/ n? (Hol lingsworth et al. 1956).

The findings of Jacobson et al. (1956) are in agreenent with
these results. G oups, conprising 20 nmale rats and 30 fermale nice
each, were exposed to concentrations of ethylene oxide at |evels of
0, 180, or 730 ny/n?, for 6 h/day, and 5 days per week. The
exposures |asted 26 weeks at 180 ng/n? and 6 weeks at 730 ng/ nt.

Addi tional groups of 15 rats and mice at the higher, and 60 rats
and mce at the | ower, exposure |level were used for interimgross
pathol ogy. No clear toxic effects were reported at 180 mg/nt. No
pat hol ogi cal changes were observed except for marked haenosi derosis

in the spleen of a fewrats at 730 ng/nt. The hi ghest exposure
(730 ny/n?) resulted in death for both species without clinica

signs in mce. Effects on the respiratory and nervous system were
shown by rats as | aboured breathing, reddi sh nasal discharge,

di arrhoea, tendency towards a side position, and draggi ng of the
hi nd-quarters. Rats also |ost weight, which was regai ned by
survivors.

More recently, groups of 30 B6C3F1 mice of each sex were
exposed to concentrations of ethylene oxide (purity 99.9% at O,
18, 86, 187, or 425 mg/n?, for 6 h/day, and 5 days per week. The
exposures lasted for 10 weeks for males and 11 weeks for fenales.
No effects were observed in relation to survival, body weight,
clinical signs, white blood cell count, serumclinical chemstry,
urinalysis, and hi stopathology. At the highest exposure |evel
changes at term nal sacrifice included an increased relative liver
weight in female mce, and a decreased testicular weight in males.
A decreased rel ative spleen wei ght was observed at 187 and
425 mg/n? in both sexes. In addition, the red blood cell count,
the packed cell volunme, and the haenogl obin concentrati ons were
decreased at 425 ng/n?. Screening of neuronuscular function in
groups of 5 fenmale mce, in week 6, and 5 nmice of both sexes, in
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week 10 or 11, reveal ed altered reflex responses at 425 ng/nt and a
dose-related trend in alterations of |ocomotor function from

86 ng/ n? upwards (Snellings et al., 1984a).

G oups of 3 male beagle dogs each were exposed to
concentrations of ethylene oxide (purity 99.7% of 180 and
530 ng/nt, for 1 - 3 days. No effects were observed on nortality
rate, body wei ght, electrocardi ogram bl ood-cal cium and -urea,
icteric index, and rectal tenperature. Anaem a was noted at both
exposure levels. Effects on the respiratory and nervous systens
were shown at 530 ng/n?, such as hyperaenia and | ocal al veol ar
col l apse in lungs, vomting, and occasional slight trenors and
transient weakness in the hind legs. Miscular atrophy was al so
observed (Jacobson et al., 1956). No haenatol ogi cal changes were
not ed when groups each conprising 3 male New Zeal and rabbits were
exposed repeatedly for 12 weeks to 0, 18, 90, or 450 ng/n? (Yager &
Benz, 1982). The white cell count was depressed in Fischer rats
exposed in groups of 3 or 4, for 3 days, 6 h per day, to 90, 270,
or 810 ng/nt. There was a poor correlation with exposure |eve
(Kligernan et al., 1983).

The possi bl e neurotoxic effects of ethylene oxide noted in the
above studies were investigated further in groups each conprising
12 mal e cynonol gus nonkeys. These animals were exposed to 0, 90,
or 180 ngy ethyl ene oxide/n? (purity 99.7%, for 7 h per day, 5 days
per week, for 2 years. |n 2 nonkeys per group, brain, ulnar and
sciatic nerves, and spinal cord were exam ned histologically after
exposure. No clinical signs were reported. The only treatnent-
related | esions found were in the nmedulla obl ongata of the brain.
Axonal dystrophy was found in the nucleus gracilis, primarily in
the exposed groups. Denyelination of the term nal axons of the
fasciculus gracilis occurred in one nonkey at each exposure |evel
but not in the controls (Sprinz et al., 1982). Paralysis of the
hind |inbs was observed i n nmonkeys repeatedly exposed for up to
32 weeks to 370 mg/n¥, for 7 h per day, 5 days per week
(Hol l'i ngsworth et al., 1956).

7.2.2. Oal exposure

Groups of 5 Wstar rats each received, by gavage, 22 doses of
3, 10, or 30 ng ethyl ene oxide/ kg body wei ght in 30 days and 15
doses of 100 ng/kg in 21 days. The vehicle was olive oil. There
were 10 vehicle controls.

No effects on nortality rate, growth, haematol ogy, blood urea-
ni trogen, organ wei ghts, gross- and hi stopathol ogy were reported at
the 3 I ower dose levels. At 100 ng/kg, there was nmarked loss in
body wei ght, gastric irritation, and slight (not further specified)
liver danmage (Hollingsworth et al., 1956).

7.3. Long-Term Inhal ati on Studies

In a conbi ned toxicity-carcinogenicity study, groups of 120
mal e and 120 femal e Fischer 344 rats were exposed to actua
concentrations of ethylene oxide of 18 nmy/n? (10 ppm, 58 ny/n?

(32 ppm), and 173 ng/n? (96 ppm), for 6 h per day, 5 days per week,
over 25 nmonths. Two control groups each conprising 120 nal e and
120 fermale rats were used. There was an exposure-free period of 2
weeks in nmonth 15, because of infection with sial oacryoadenitis
virus. Interimsacrfices occurred at 6, 12, and 18 nonths.

The nortality rates of male and fenmale rats increased
significantly fromthe 22nd or 23rd nonth, at the highest exposure,
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with a trend towards an increase at a |level of 58 ng/nt. Body

wei ghts in both sexes were depressed at 173 ng/n?, fromthe end of
the first week onwards, until the end of the study. At 58 ng/nt,
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 ng/n?. This effect on the liver could not be
related to increases in the activities of serum al kal i ne
phosphat ase (EC 3.1.3.1), aspartate am notransferase (EC 2.6.1.1),
or al ani ne am notransferase (EC 2.6.1.2), found nainly at the 2

hi ghest exposures during interimsacrifices. Relative spleen

wei ghts were increased in rats that devel oped | eukaem a (section
7.4.1). Haematol ogi cal changes were found in rats at all doses,
but mainly at the end of the study in animals exposed to 173 ng/ nv;
these included an el evated | eukocyte count in both sexes, and a
depressed red bl ood cell count and haenogl obin value in females.
Some of these rats had | eukaeni a.

Non- neopl asti ¢ hi st opat hol ogi cal changes observed i ncl uded an
el evated frequency of focal fatty metanorphosis of the adrena
cortices in both sexes and bone marrow hyperplasia in fenal es at
173 ng/ . Al though no effect was observed on the hind-quarter
lift reflex, exam ned nonthly, mld skeletal mnuscul ar atrophy was
observed, after 2 years of exposure to 173 ng/nt. Cbservations on
general health and ophthal nol ogy did not reveal anything abnornal.
Neopl asti ¢ changes are reported in section 7.4.1 (Snellings et al.
1981, 1984b).

I n anot her toxicity-carcinogenicity study (Lynch et al.
1984a), groups of 80 male Fischer 344 rats were exposed to actua
concentrations of ethylene oxide of 92 mg/n? (51 ppm) and 182 ny/n?
(101 ppm, for 7 h per day, 5 days per week, over 2 years. The
control group also conprised 80 rats. There was an exposure-free
period of 2 weeks in nonth 16 because of a pul nonary infection,
which contributed to the nortality rate.

The nortality rate increased at both exposure levels, the
i ncrease being significant at 182 ng/n?. Only 19%of the rats
survived 2 years of exposure at 182 ng/nt conpared with 49%in the
unexposed group. Body weights were reduced fromthe 3rd or 4th
nmont h onwards. The relative weights of adrenals and brain were
i ncreased at both exposure levels. The relative weights of Iung

and ki dney were increased at 92 ng/nt. Serum aspartate
am notransferase activity was increased in rats exposed to 92 and

182 ng/ nt (section 7.4.1). No other changes were found in
haemat ol ogy or clinical chem stry.

Non- neopl asti ¢ hi st opat hol ogi cal changes included an el evat ed
i nci dence of vacuolization and hyperpl asia or hypertrophy in the
adrenal s at both exposure | evels, and of atrophy and degeneration

of skeletal nuscle fibres at 182 ng/n?. There were al so increased
i nci dences of inflammtory |esions of the lungs, nasal cavities,
trachea, and internal ear at both exposure levels. Eye cataracts

devel oped in 9 out of 78 rats at 182 ng/n?¥, 3 out of 79 in the
92 ngy/ n? group, and 2 out of 77 in the controls.

7.4. Carcinogenicity

7.4.1. Inhal ati on exposure

In the studies by Snellings et al. (1981, 1984b) (section 7.3)
(Table 4), several neoplasnms were induced by ethylene oxide. A
dose-rel ated increased incidence of nmononucl ear cell |eukaeni a was
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found in both sexes, significant at the 2 hi ghest exposures in
females, fromthe 18th or 19th nonth onwards. Trend test reveal ed
a treatnent-rel ated response in both sexes. |In males, an increased
i nci dence of peritoneal nesothelionas originating fromthe
testicular nesothelium occurred at 58 and 173 ng/nt fromthe 23rd
nmont h onwards, and an increased incidence of subcutaneous fibronma
was seen in male rats exposed to 173 ng/n? that had survived for 24
nmont hs. Trend anal ysis showed that there was a treatnment-rel ated
increase in peritoneal nmesothelioma. There was no increased

i nci dence of pituitary tunours, but they appeared earlier in the
173 ng/ n? group.

Foll owi ng the report by Lynch et al. (1984a) of an increased
i nci dence of brain tunours in Fischer 344 rats exposed to ethyl ene
oxi de (see below), the brain tissue fromthis study was re-examn ned
bot h macro- and microscopically, and a dose-rel ated incidence of
primary brain tumours was observed at 58 and 173 ng/n? t hat
appeared to be treatnent related in the trend test, but was not
statistically significant. The tunours were mainly di agnosed as
gliomas and nmalignant reticular tunours. The percentage of rats

with multiple neoplasns was greater than in controls at all
exposure levels in females and at 173 ng/nfin males. At 58 and
173 g/ nt, the percentage of fenmale rats with at |east one

mal i gnancy was increased. The authors considered that a
contribution of the viral outbreak to the toxicity of ethylene
oxi de was unlikely (Snellings et al., 1981, 1984b).

Lynch et al. (1984a) (section 7.3, Table 4) also found an
i ncreased incidence of nmononucl ear cell |eukaem a, which was
significant at the | ower exposure |level. The absence of a dose-
relati onship was attributed to the increased nortality rate at 182
my/ n*. Dose-rel ated increased incidences of peritonea
mesot hel i omas, originating fromthe testicular nesothelium and of
m xed-cell gliomas in the brain, were found. The increases in both
tunours were significant at 182 ng/n? (Lynch et al., 1984a).
Table 4. Tunours induced by ethylene oxide in Fischer 344 rats

Concen- Leukaeni a Meso- Pituitary Subcutaneous Br ai n?
tration (nmononucl ear) theli oma adenoma fibrom?
(mg/ n?)

M F M M F M M F

Snellings et al. (1981, 1984b)
173 26(119)° 28(113) 22(119) 27(117) 32(117) 11(30) 3(30) 2(26)
58 25(81) 24(79) 7(91) 16(79) 38(90) 1(39) 1(39) 2(48)
18 21(79) 14(77) 3(89) 27(80) 39(90) 3(51) 0(51) O
0 20(116) 9(118) 2(114) 28(117) 38(119) 1(48) 1(48) O
0 18(118) 13(117) 2(116) 22(117) 38(116) 2(49) 0(49) O
Lynch et al. (1984a)¢

182 30(76) NA 21(79) 21(67) NA NR 5(79) NA
92 38(79) NA 9(79) 20(66) NA NR 2(77) NA
0 24(77) NA 3(78) 48(73) NA NR 0(76) NA

@nly animals that survived for 24 nmonths were included, because these

turmours appeared after the 18-nmonth interimsacrifice.

® Nunbers in brackets refer to the nunber of rats exanined. They include

interimand final kills.
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“Only male rats were used.

NA = Not applicable.
NR = Not reported.
7.4.2. Oal exposure

Groups of 50 fenale Sprague Dawl ey rats received, in salad oil,
7.5 or 30.0 ny ethyl ene oxide/ kg body wei ght, by gavage, in the
enpty stonach, twice a week, for 110 weeks. There were 50 vehicle
controls, 50 untreated controls, and 50 positive controls. The
rats were observed for their life span. No statistical analysis
was reported. The nean survival period was over 100 weeks for al

groups. The nortality rate increased at 30.0 ng/ kg body weight,
fromweek 100 onward. Elevated incidences of tunours were only
observed in the forestomach, the first tumour appearing in week 79.
The inci dences of squanous cell carcinomas were 0/50, 8/50, and
29/50 at 0, 7.5, and 30 nmg/ kg body weight, respectively. At

30 ng/ kg body wei ght, invasive growmh and netastases were observed
in 10 rats. At 30 ng/kg body weight, 2 fibrosarcomas were al so
noted. At both doses, the incidences of hyperplasia,

hyper kerat osi s, papillonmas, and/or carcinomas were increased in the
forest omach (Dunkel berg, 1982).

7.4.3. Subcutaneous exposure

Groups of 100 fermale NVRI mce were injected once a week with a
tricaprylin solution containing 0.1, 0.3, or 1.0 ng ethyl ene oxide
per aninal, for 106 weeks. There were 200 vehicle controls and 200
untreated controls. Fromweek 35 to week 85, the nortality rate
i ncreased by a naxi mum of 10% at a dose of 1.0 ng per nouse. The
mean | ength of survival in this group was 75 weeks. An el evated
i nci dence of tunpurs was only observed at the injection site, the
first tumour appearing in week 79. There was a dose-rel ated
i ncreased incidence of sarconas, nainly fibrosarconmas, which was
significant at 0.3 and 1.0 ng per nouse. The tunour incidence was
11% at the hi ghest dose conpared with 2% in vehicle controls
(Dunkel berg, 1981).

7.4.4. Dermal exposure

Each of a group of 30 female Swiss MIlerton nice received, for
their lifetime, approximately 100 ng of a 10% sol uti on of ethyl ene
oxide (purity 99.7% in acetone, brushed on the clipped dorsa
uncovered skin, 3 tines a week. A group of 60 mice did not receive
any treatnent, and a group of 60 nice received the vehicle only.

No skin tunours were found, nor was there any sign of skin
irritation. The nedian |length of survival was 493 days for treated
m ce and 445 days for controls (Van Duuren et al., 1965). It is
assuned that ethylene oxide, applied in this manner, evaporated
rapidly fromthe skin.

7.5. Mitagenicity and Rel ated End-Points

Al nost all the reports avail abl e denonstrate the nutagenic
action of ethylene oxide. A summary of nutagenicity tests with
positive results is presented in Table 5.

Et hyl ene oxide is an al kylating agent (section 5.2). It has
i nduced gene mutations in all plants, bacteria, fungi, insects, and
manmal i an cells investigated in vitro, with and w thout metabolic
activation. Chronosone damage and sister chromatid exchanges were
observed in plants, insects, and manmalian somatic cells exposed in

vivo and in vitro. Fomenko & Strekal ova (1973) and Strekal ova et
al . (1975) reported an increased incidence of chronosonal
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rats exposed by inhal ation

to concentrations of ethylene oxide vapour at 3.6 and 112 ng/ nt.

Unschedul ed DNA synt hesi s,

fl uorene,

vitro (Pero et al.

1981).

i nduced by the

The positive results in the

N- acet oxy- 2- acet yl ani no-
was i nhibited by ethylene oxide in human | ynphocytes in

m cronucl eus tests are in agreenent with those froma distribution

study showi ng that ethyl ene oxide,
in the bone marrow of mce (Appelgren et al.
i nci dence of m cronucl ei
dose of 100 ng/ kg body wei ght

or its netabolites,
1977).

et al.,

was retained
An increased
was observed after one intraperitonea

in mce (Lyarskii 1983) and

after 4 h of vapour exposure of rats to a concentration of 90 ng/n?t

(Enbree & Hine,

Tabl e 5.

1975).

Mut agenic tests for ethylene oxide with positive results?

System descri ption

Organi sm

Strain/cell type

Cene mnut ati ons

Forward mut ati ons
Forward mut ati ons
Forward mut ati ons
Forward nutati ons
Reverse mut ati ons
Rever se mut ati ons
(base-pair
substitutions)

Reverse mut ati ons

Reverse mut ati ons

Forward mut ati ons
Forward nutati ons

Sex- | i nked
recessive lethals

Forward nut ati ons
on specific | ocus

Chr onpsone damage

br eaks, erosions,
contractions
transl ocati ons

bacteri um

fungus

i nsect

manmal
(invitro)

pl ant

i nsect
i nsect

bar| ey

barl ey
rice
pea

Escheri chia col
SD-4
Sal nonel | a typhi nmuri um

TA1535, TA100

Bacillus subtilis
(spores) HA101, TKJ5211,
TKJ8201

Neur ospora crassa
(macroconi di a)

Aspergi | | us ni dul ans

Schi zosacchar onyces
ponbe Pl

Dr osophi | a nel anogast er

Chi nese hanster
ovary cells

Tradescanti a pal udosa
(pol | en)
barl ey

bar| ey
wheat (‘hexapl oi d)

Dr osophi | a nel anogast er
Dr osophi | a nmel anogast er

Ehrenberg et al. (1
1959)

Shul ovsk et al. (19
Jana & Roy (1975)
Blixt et al. (1963)

Hussai n & Gst er man
(1984)

Rannug et al. (197
Kauhanen (1978)°;
Pfei ffer & Dunkel be
(1980)

Tanooka (1979)

Kol mark & Westerga
(1953); Kolmark & K
(1968)

Mor purgo (1963)

Mgliore et al. (1

Bird (1952); Nakao
Auer bach (1961)
Tan et al. (1981)°;
Zanora et al. (198

Smith & Lofty (195

Ehrenberg et al. (1
1959)
Mout schen- Dahnen et
(1968)
MacKey (1968)
Nakao & Auerbach (
Fahmy & Fahmy (197

br eaks

br eaks

transl ocati ons
smal | del eti ons
(mn)
Table 5. (contd.)
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Syst em descri pti on

Organi sm

Strain/cell type

Chr onnosone danmage (contd.)

br eaks,
gaps, exchanges,
compl exes

sister chronatide
exchanges

sister chronatide
exchanges,

breaks, acentric
fragments,
dicentrics,
triradial s,
quadriradi al s,
conpl ex
rearrangenents

chr onbsonal
aberrations

br eaks, gaps,
rearrangenent,
exchanges,

ring formations

m cronucl ei

m cronucl ei

heritabl e

transl ocati ons

dom nant | ethals

human
(invitro)

human
(invitro)
rat

(i nhal ation)
rabbi t

(i nhal ati on)

nonkey
(i nhal ation)

rat
(i nhal ation)

r at
(i nhal ation)

nmouse (ip)

mouse (iv)

mouse (i p)

nouse
(i nhal ation)
mouse (ip)

nouse
(i nhal ation)

anion cells

| ynphocyt es
fibroblasts
| ynphocyt es

| ymphocyt es

| ymphocyt es

bone marrow cel | s

bone marrow cells

pol ychromati c

eryt hrocytes

pol ychromati c

eryt hrocyt es

germcells

germcells

Poiri er & Papadopou
(1982)

Star (1980a);
Garry et al. (1982
Kligerman et al. (1

Yager & Benz (1982)

Lynch et al. (1984b

Strekal ova et al. (

Enbree & H ne (1975

Conan et al. (1979)
Jenssen & Ranmel (19
Lyarskii et al. (19

Appel gren et al. (1

CGeneroso et al. (19

Cunmming & M chaud (

CGeneroso et al. (19
Lyarskii et al. (19

Ceneroso et al. (19

Table 5. (contd.)

Syst em descri pti on

Organi sm

Strain/cell type

dom nant | ethals
(contd.)

r at
(i nhal ation)

Enbree et al. (1977
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DNA repair

unschedul ed nmouse germcells Cumming & M chaud (
DNA synt hesi s (i nhal ation)

unschedul ed human | ynphocyt es Pero et al. (1981)
DNA synt hesi s (invitro)

& For details of these studies, see text and data profile (IRPTC, 1984).
b A sinmilar effect after metabolic activation by rat liver nicrosonal fraction.
©Aslight reduction in nutagenicity after netabolic activation by nouse |iver
m crosomal fraction.
4 2-year exposure groups of 12 male nonkeys to 0, 90, and 180 ng/n? for 7 h per de
5 days per week.

Dose-rel ated damage to germcells was established in the md
and | ate spermatid stages in the dom nant |ethal assay. One oral
dose of 100 ng/ kg body weight in mce generated inconsistent
results (Appelgren et al., 1977), but 150 ng/ kg proved positive
(CGeneroso et al., 1980). After short-termrepeated exposures,
dom nant lethals were induced in mce at intraperitoneal doses from
40 nmg/ kg body wei ght, given over a period of 3 nonths, 5 tines per

week (Lyarskii et al., 1983) and at vapour exposures from
460 g/ n?, for 6 h/day, 5 days per week, over 11 weeks (Generoso et
al., 1983). Heritable translocations were induced in the germ

cells of mce after repeated intraperitoneal exposure, at doses of
30 ng/ kg body weight or nore, for 5 days/week, over a 5-week period
(CGeneroso et al., 1980). Recent studies have investigated the
dose-response of inhaled ethylene oxi de and have conpared effects
of different dose rates (contributions of different concentrations
and durations of exposure, naintaining total exposure (C x t)
constant) on the dom nant-lethal response in nmale mice. |n the
dose-reponse study, nmale nice were exposed by inhalation to

et hyl ene oxi de at concentrations of 540, 720, or 900 ng/n? (300,
400, or 500 ppn), respectively. Exposures were for 6 h/day, for 4
consecutive days. A dose-related increase in dom nant-I|etha

mut ati ons was observed; however, the dose-response curve was
nonlinear, i.e., increasing enbryonic nortality occurred with
increasing nmg/nm? x h. In the dose-rate study, mice had a tota
exposure of 3240 ng/n? (1800 ppm) x h/day for 4 consecutive days,
delivered either at 540 ng/n? (300 ppm) in 6 h, 1080 ng/nfin 3 h,
or 2160 ng/n? (1200 ppn) in 1.5 h. The highest airborne
concentration resulted in the greatest enbryonic nortality, 64%
versus 32 and 11%for the internedi ate and | owest airborne
concentrations, respectively (Generoso et al., 1985). According to
an abstract, DNA repair was induced in the germcells of nice

exposed to 540 ng/n?, for 8 h. The repair seemed inhibited at
hi gher exposures (Cunming & M chaud, 1979). No details were
avai | abl e.

Negative results were observed on a few occasions only. In one
study, w th vapour-exposed rats, chronosone aberrations or slow ng
of mitotic activity and cell cycle kinetics were not observed in
| ynphocytes at |evels at which sister chromatid exchanges occurred
(Kligerman et al., 1983). |In a dom nant-lethal assay with mce,
relatively high intravenous doses of ethylene oxide (up to
100 ng/ kg body weight) did not cause any treatnent-rel ated effects
(Appel gren et al., 1977). An intraperitoneal dose of 10 ng/ kg body
weight to mice was reported to give a slight increase in the nunber
of polychromatic erythrocytes with mcronuclei, but the statistica
anal ysis was not adequate (Conan et al., 1979).
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7.6. Effects on Reproduction

Rat s and gui nea-pi gs were exposed to vapour concentrations of
370 and 640 ng ethyl ene oxide/n?, for 7 h per day, 5 days per week
for up to 32 weeks. Among other effects (section 7.2.1),
degeneration of testes tubul es was observed at the hi gher exposure
| evel in guinea-pigs, while at 370 ng/nt, there was a decrease in
the relative weights of testes in rats and gui nea-pi gs, which was
not statistically significant (Hollingsworth et al., 1956).
Signi ficantly-decreased absolute testicular weights were observed
in nmice exposed to ethylene oxide at a concentration of 425 ng/nt,
for 6 h/day, 5 days per week, over 10 - 11 weeks (Snellings et al.
1984a). However, the testicular effects may have been secondary to
toxic effects (e.g., growh inhibition). WMle and fenal e Fi scher
344 rats exposed repeatedly to concentrations of ethylene oxide of
up to 182 ng/n?, for 6 h/day, 5 days per week, over 25 nonths, did
not show any hi st opat hol ogi cal effects on the reproductive tissues
(Snellings et al., 1981).

When groups of 12 mal e Cynonol gus nmonkeys were exposed to
concentrations of ethylene oxide at 90 or 180 ng/n?, for 7 h/day,
5 days per week, over 2 years, spermatogenic functions were found
to differ fromthose of controls. At both exposure |levels, sperm
nmotility and sperm count were decreased and the spermdrive range
was increased, but there was no increase in effect with increase in
dose. The incidence of abnormal sperm heads did not change (Lynch
et al., 1984c).

Groups, each conprising 30 male and 30 fenmal e Fischer 344 rats
wer e exposed to concentrations of ethylene oxide (purity 99.9% of
18, 58, or 173 ng/nt, for 6 h/day, 5 days per week, over 12 weeks.
Two control groups of 30 rats per sex each were exposed to air
only. After mating, females were further exposed for 7 days/week
up to 3 weeks after delivery, with the exception of the first 5
days of lactation. Effects on the reproductive perfornmance were
detected. The nunber of pups per litter was decreased at 173
my/ ¥, as wel|l as the nunber of inplantation sites per female, and
the nunber of fetuses born per inplantation site. The nunber of
femal es with a gestation period | onger than 22 days was al so

i ncreased at this concentration, but no effects were noted on the
average length of the gestation period. Neither parents nor pups
showed signs of toxicity fromethylene oxide. The percentages of
pregnant fermales and fertile nmales were not affected (Snellings et
al ., 1982a).

7.7. Teratogenicity

Groups of 22 fenmle Fischer 344 rats were exposed to
concentrations of ethylene oxide of 18, 58, or 173 ng/n?, for
6 h/day, on days 6 - 15 of gestation. Two control groups
comprising 22 rats each were exposed to air only. The nunbers of
pregnant danms ranged from 17 to 22. Maternal behavi our was normal,
and there were no deaths. The only effect on the fetuses was a 5 -
8% decrease in weight at 180 ng/nt (Snellings et al., 1982b).

Groups of 32 - 45 fenale Sprague Dawl ey rats were exposed to
concentrations of ethylene oxide (purity 99.7% of 0 or 270 ng/n?,
for 7 h/day, on days 7 - 16 of gestation (Goup 1) or on days 1 -
16 of gestation (Goup 2) or during 3 weeks before mating (5 days
per week), and on days 1 - 16 of gestation (Goup 3). No dans
di ed, but body weights were decreased in Goup 3. In all exposed
groups, the relative and absol ute wei ghts of kidney and spl een were
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i ncreased. The results of histopathol ogi cal exanination did not
show any abnormalities. There was a significant increase in
resorptions per litter and per inplantation site in Goup 3, with
no significant effects on the number of inplants, live fetuses, and
pregnancies. |In all exposed groups, weights and | engths of the
fetuses were decreased. Reduced ossification of sternebrae and
primary skull was observed (Hackett et al., 1982).

New Zeal and rabbits were simlarly exposed to a concentration
of ethyl ene oxide of 270 ng/n? fromdays 1 - 19 or fromdays 7 - 19
of gestation. There was no evidence of toxicity in the nothers,
enbryos, or fetuses, or of devel opnental defects (Hackett et al.
1982).

Groups of 24 - 37 fenmale CD-1 mice each received
i ntraveneously, doses of 0, 75, or 150 ng ethyl ene oxide (purity
not stated)/kg body weight in an aqueous dextrose sol ution on days
4 - 6, 6 -8 8- 10, or 10 - 12 of pregnancy. Danms exposed on
days 6 - 8 of pregnancy did not show toxic signs. 1In the other
groups, at the highest dose, toxic signs such as weakness, | aboured
respiration, and trenmor were observed with a nortality rate of 19 -
48% In the group without signs of maternal toxicity, fetotoxicity
was observed at 150 ng/ kg, as shown by a 20% decrease in nmean fetal
weight. Fetal malformations were shown in 19.3% of fetuses in
exposed litters conpared with 2% in control groups. These
mal formations were mainly fused cervical arches. 1In addition
fused thoracic arches, scranbled and fused sternebrae, and fused,
branched, or nissing thoracic ribs were observed (Laborde & Ki mel
1980).

8. EFFECTS ON MAN
8.1. Exposure of the Skin and Eyes

Undi | uted ethyl ene oxide, applied to the skin of volunteers,
evaporated rapidly without |eaving any mark or irritation. A
15-m n exposure to cotton wool soaked in undiluted ethyl ene oxide
al so did not produce any effects (G eaves Wil ker & G eeson, 1932).
However, with exposure to |arger quantities, there nmay be
sufficient cooling to produce a lesion sinmlar to frost-bite (Hine
& Rowe, 1981). Skin injury follow ng exposure to aqueous sol utions
of ethylene oxide is characterized by the appearance of oedena and
erythema, 1 - 5 h after exposure, followed by the formation of
vesicles. On healing, incrustation, often with itching and
desquanation, is observed. The nagnitude of the skin injury seens
to depend on the |l ength of contact and the concentration, a 50%
aqueous solution (500 g/litre) being nost hazardous. Mbre
concentrated solutions were |l ess harnful. The | owest concentration
tested, a 1% solution, produced a mld reaction after a 50-nmin
exposure. Such effects have been observed in a nunber of accidents
(Sexton & Henson, 1949, 1950; Joyner, 1964; |ppen & Mathies, 1970).
Vapour exposure was found to produce the above dernal effects,
mainly on the humd parts of the skin (Ippen & Mathies, 1970). The
effects were also found, to different extents, after exposure via
et hyl ene oxi de-sterilized materials such as face masks, gloves, and
surgi cal gowns (Royce & Moor, 1955; Marx et al., 1969; Hanifin,
1971; Biro et al., 1974; Lany et al., 1974). Patch tests on
volunteers with various sterilized materials containing residues of
et hyl ene oxide and its reaction products, showed erythema, w thout
oedema, after 4 - 8 h of contact, froma residue | evel of 890 ny
et hyl ene oxi de/ kg up to 2890 ng/ kg of a polyvinyl chloride block
Most skin types tolerated residues of ethylene oxide of up to
2270 mg/ kg pol yvinyl chloride film 2800 ng/kg brown-nilled rubber
and 5100 ng/ kg non-woven fabric (Shupack et al., 1981).
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Acci dental skin exposure to a 1% aqueous solution, fromthe
wai st down, was also reported to result in effects on the nervous
system such as nausea and repeated voniting (Sexton & Henson
1949).

Acci dental exposure of the eyes to the vapour of ethyl ene oxide
can lead to conjunctivitis (Thiess, 1963; Joyner, 1964). Exposure
of 12 nen via a leaking sterilizer resulted in neurol ogi ca
di sorders (section 8.3) in 4 of the men, 3 of whom had eye
cataracts; one of the latter also showed an increase in cornea
thi ckness. Two additional nen showed only an increase in cornea
thickness (Gross et al., 1979; Jay et al., 1982). In one case of
acci dental exposure of the eyes to pure ethylene oxide, only slight
irritation of the conjunctiva was seen (Thiess, 1963).

The inplantation of artificial |lenses, sterilized with ethyl ene
oxide, in 103 eyes was conpared with the inplantation of |enses,
sterilized with sodi um hydroxi de (200 control eyes), in a
retrospective study. The followup period was 10 nonths for the
exposed patients. Post-operative inflamatory conplications

occurred in 30% of the eyes exposed to residues of ethylene oxide
or its reaction products conpared with 9% of the control eyes
Cystoid macul ar oedena with reduction in visual acuity devel oped in
16% of the exposed eyes and in 7% of the control eyes (Stark et

al., 1980).

8.2. Sensitization

No dermal sensitization was observed in a total of 47 workers
frequently exposed to ethyl ene oxide (Royce & Moor, 1955; Thi ess,
1963). I n another study using patch tests, one of 12 volunteers
showed a recurrent reaction, 3 weeks after the trial. Wen
chal  enged afterwards with a 2 mmthick patch of polyvinyl chloride
contai ning 100 mg et hyl ene oxide/ kg, a mld reaction was observed,
whi ch reappeared after 3 weeks (Shupack et al., 1981) (section
8.1). Wen the skin of 8 workers was exposed repeatedly to aqueous
solutions of ethylene oxide, all sites of previous contact, with
and without a primary reaction, flared up in 3 of them show ng
pruritus, erythema, and slight oedema, 5 - 9 days after the | ast
exposure (Sexton & Henson, 1950). Another case of an apparently
allergic reaction was reported. The patient concerned was exposed
to ethylene oxide via a sterilized face nask (Al omar et al., 1981).

A case of anaphyl axis has been reported in a patient receiving
haenodi al ysis treatment with equi pnent that had been sterilized
with ethylene oxide (Poothullil et al., 1975). A cause-effect
relationship with ethyl ene oxi de exposure was denonstrated by
hapt an specificity (Dol ovich & Bell, 1978).

8.3. Accidental Inhalation Exposure

Respiratory tract irritation was reported as hoarseness
(Thiess, 1963) and cough (Metz, 1939) in 5 cases of acute
acci dental exposure to ethyl ene oxi de vapour

Acute effects on the nervous systemin nearly all inhalation
cases were marked by nausea, recurrent vonmiting, and headache.
Less frequently reported effects included decreased consci ousness
(one case of conm), excitenent, sleeplessness, nuscul ar weakness,
di arrhoea, and abdom nal disconfort (Blackwood & Erskine, 1938;
Metz, 1939; Thiess, 1963; Capellini & Chezzi, 1965).
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Because of a |eaking sterilizer, 4 young nen were exposed
intermttently, for 2 - 8 weeks, to ethylene oxide at |evels of
approxi mately 1000 ng/n?. Three of the nen devel oped a reversible
peri pheral neuropathy showi ng abnormal nerve conduction and, in 2
cases, headache, weakness and decreased reflexes in the
extremties, incoordination, and a wi de-based gait. The fourth man
devel oped a reversible acute encephal opathy wi th headache, nausea,
vomting, lethargy, recurrent notor seizures, agitation, and a
di ffusely slow el ectroencephal ogram (Gross et al., 1979).

Following this, 6 nore cases were reported concerning sterilizer
operators, suffering fromreversible peripheral neuropathy

foll owi ng ethyl ene oxide exposure for 0.5 - 1.5 years. Finelli et
al . (1983) described 3 persons show ng subacute pol yneuropathy wth

bil ateral foot-drop, slow ng of nerve conduction velocity, and
denervation potential on el ectronyography as the main findings.

Al'l 3 persons had noticed the snmell of ethylene oxide regularly at
wor k, while 2 persons experienced eye irritation. Polyneuropathy
was al so reported in 3 sterilizer operators by Kuzuhara et al
(1983). Two of these cases were described in detail. Sural nerve
bi opsi es reveal ed axonal degeneration with mld changes in the
nyeline sheath. Unmyelinated fibres were also involved. Miscle
bi opsi es showed typical denervation atrophy.

8.4. Oher Accidental Exposures

Severe respiratory problens due to inflamuatory reactions in
the trachea and larynx were reported in 17 hospital patients who
had received endotracheal intubation. The tubes had been
sterilized with ethylene oxide (Marx et al., 1969; Holley & G| dea
1971; Lipton et al., 1971; Mantz et al., 1972).

Reversi bl e vocal paralysis was reported to be associated with
et hyl ene oxi de exposure in 5 cases: one woman had been exposed to
vapour (Troisi, 1965), and the other 4 patients were exposed via
sterilized endotracheal tubes (Holley & Gldea, 1971). The voca

cords showed no or only slight damage. In one of these patients,
who died froma cause unrelated to the intubation, myelin
degeneration of parts of the nervus vagus was noted at autopsy. It

was suggested, therefore, that the paralysis was of neural origin.

Four cases of shock, 1 - 10 h after endovascul ar examni nation
were associated with the catheters used, which contained residues
of ethyl ene oxide. The presence of bacterial toxins was considered
unlikely. One patient died as a result of renal insufficiency
(Lebrec et al., 1977). Cases of cardi ovascular collapse in
children, 3 of which were fatal, were considered by the authors to
be the result of residues of ethylene oxide in a heart-1ung machi ne
on the basis of subsequent studies on dogs (Stanley et al., 1971)
(section 7.1.1). Anong others, Hirose et al. (1963) and C arke et
al . (1966) neasured haenol ysis due to residues in ethyl ene oxide-
sterilized plastic tubes in vitro.

8.5. Cccupational I|nhalation Exposure

The health status of 37 nmale operators from an ethyl ene oxi de-
producing plant in the USA during the period 1953 - 62 was conpared
with that of age-mmtched operators from other production units.

The average enpl oyment period was 11 years for exposed workers and
12 years for controls. The usual average exposure |evel was
between 9 and 18 ng/n?, with occasi onal peaks up to 230 ng/n? for
one particular job (collecting a sanple of the product). According
to the nmedical records, the health of the exposed workers was
somewhat better than that of the controls. A physical examination
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and extensive clinical tests did not reveal any exposure-rel ated
effects with the exception of a slightly increased white bl ood cel
count (Joyner, 1964).

Chronosomal damage was found in a group of 12 workers froma
hospital sterilization facility in the USA (section 8.6). The
maxi mum exposure concentrati on neasured during sterilization was
65 ng/ n?. Another group of 12 persons, who worked in the adjacent
operating roomarea, volunteered as representatives of an unexposed
or accidentally exposed group. To insure adequate contro
t hroughout the study, unexposed | aboratory staff menbers served as
a third group. Frequently-reported subjective conplaints indicated
irritation of the nouth, throat, and eyes, and effects on the
nervous system such as headache, nausea, speech difficulty, nmenory
| oss, dizziness, and incoordination (Garry et al., 1979).

In Bel gium a group of 18 workers, using or distributing the
sterilant ethylene oxide, was conpared with a well-natched contro
group by neans of a questionnaire, and by anal yses for urinary
retinol -binding protein and al bum n, beta-nicroglobulin, and
chronosomal danmage in | ynphocytes. The overall nean exposure |eve
was 7.6 nmg/nt, and the tine-wei ghted average exposure, over a
wor ki ng day, ranged between 0.2 and 95 ng/nt. A significant
increase in the incidence of sleeplessness and | eg cranps was
recorded, but not irritation or allergy. These studies did not
reveal any abnormalities with the exception of an increase in
sister chromatid exchanges in |ynphocytes (Wl fs et al., 1983;
Laurent et al., 1984; section 8.7).

In a plant in Bulgaria, 196 workers engaged in the production
of ethene and et hyl ene oxi de were exam ned. About 73% of al
concentrations of ethylene oxi de nmeasured were 1 ng/n? or |ess,
while 27% were between 1 ng/n? and 3.5 ng/n?. Significant
i ncreases were found in deviations of the autononpbus nervous system
and in neurosis-like manifestations, especially in fermal e workers
(Spasovski et al., 1980). Because of a mixed exposure, it is
difficult to evaluate the findings.

Haemat ol ogi cal changes were reported in a group of 27 workers
in an ethyl ene oxi de manufacturing and processing plant, in Sweden,
in 1967. The exposure period varied from2 to 20 years, the
average |l ength being 15 years. Controls worked with ethyl ene oxide
in other departnents, where no | eakages were possible. No exposure
data were reported. Wien 2 cases of anaeni a were excl uded, there
was still a significantly-decreased haenogl obin value in exposed
wor ker s. There was a 30% i ncrease in the nunber of |ynphocytes,
and one case of chronic |ynphatic | eukaenia was noted (Ehrenberg &
Hal | strém 1967).

In the Federal Republic of Germany, 279 enpl oyees from8 plants
i n which al kene oxi des were produced or processed, were exam ned
for morbidity during 1978. They were enployed for an average of
10. 8 years. O these workers, 21 had been involved in accidents
with ethyl ene oxide. Taking into account age and | ength of
exposure, they were conpared with groups of industrial and clerica
workers within the sanme conpany. The exposure concentrations were
not reported. The workers were al so exposed to many ot her
chemi cal s, sone of which may be carcinogenic for nman

No abnornalities were found that could be related to exposure
to ethylene oxide or propylene oxide. The investigators related
i ncreases in haenogl obin and nean erythrocyte vol une to snoki ng
habits. Slight |ynphocytosis was found to be unrelated to exposure
time, though there was a distinct age influence (Stocker & Thiess,
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1979).
8.6. Mortality Studies

Two studies were conducted in Sweden to investigate the
possi bl e neopl astic effects from occupati onal exposure to ethyl ene
oxi de (Hogstedt et al., 1979a,b, 1984). The first study originally
i ncluded 58 male and 172 fenmale workers in a small factory,
sterilizing hospital equipnment with a 1:1 mixture of ethyl ene oxide
and nethyl formate, over a period from 1968 to 1977 (Hogstedt et
al ., 1979a).

Two cases of |eukaem a (one was diagnosed as chronic nyeloid
| eukaem a and the other as acute nyel ogenous | eukaemi a) occurred
among 68 woren who were exposed to vapours fromsterilized boxes
stored for weekly periods in a factory storage hall where about 30
persons were exposed at any one tinme. A third case was the | oca
nmal e manager who devel oped prinmary nacrogl obul i naeni a ( Morbus
Wal denstrdm this case was | ater diagnosed as a non-Hodgkin
| ynphoma), 9 years after the installation of the sterilization
equi prent; his exposure was estimted to be about 3 h per week in
the storage hall. He is also reported to have had sone exposure to
benzene in the past. The concentration of ethylene oxide in the
hall was in the range of 3.6 - 128 ng/nt, and the 8-h time-weighted
average in the breathing zone was cal cul ated to be between 36 +
18 ng/nt. The other workers had occasi onal exposure to ethyl ene
oxi de, and 7 operators had relatively high exposure (anount
unspecified) during the sterilization process.

In a followup study (Hogstedt et al., 1984), a further case of
| eukaenmi a was found in a woman who had been exposed to ethyl ene
oxide in the storage hall between 1969 - 72. In this study, the
cohort consisted of 203 workers who had been enpl oyed for nore than
one year at the plant.

Al together, 4 deaths from malignancies of the |ynphoreticul ar
systemwere reported fromthis factory. The expected nunber was
0. 3.

A second study to investigate the carcinogenic effects of
et hyl ene oxi de was conducted on 241 Swedi sh nmal e workers in an
et hyl ene oxi de-produci ng plant (Hogstedt et al., 1979b). These
nmen were examned nedically in 1960. Twenty-three deaths
occurred during the 16-year observation period dating from
1961 - 77 (13.5 expected). The excess nortality was due to cancer
and cardi ovascul ar di sease. Three cases of stonach cancer (0.4
expected) and 2 cases of |eukaenia (one chronic nyeloid and once
acute nmyeloid | eukaenmi a) (0. 14 expected) accounted for the excess
nortality fromcancer. No increase in nortality was observed anobng
86 mai nt enance workers exposed internmittently to ethyl ene oxide

anmong 66 unexposed controls. Average exposure |evels during

1941 - 47 were estimated to be bel ow 25 ng/ n? and, during the 1950s
up to 1963, these levels were 10 - 50 ng/n?, but peak exposures
above the odour threshold (about 1000 ng/ n?) were known to occur

The et hyl ene oxi de was manuf actured by the chl orohydrin process
so that significant exposure to other chemcals such as 1, 2-
di chl or oet hane, ethyl ene, ethyl ene-chl orohydrin, and bis(2-
chl oroet hyl ) et her mi ght have occurred.

This investigation was followed up by a study that extended the
peri od of observation up to 1982. Seven nore deaths had occurred
among the workers exposed to ethyl ene oxide for the whole of the

Page 34 of 54



Ethylene oxide (EHC 55, 1985)

wor ki ng day agai nst 6.6 expected. Three of these were due to
cancer (1.6 expected). Two of these 3 cases were cancer of the
stomach (0.2 expected) and one an oesophageal cancer (0.04
expected). 1In the period from 1961 - 82, 6 deaths due to stonmach
or oesophageal cancer had occurred in workers exposed to ethyl ene
oxi de for the whole of the working day (0.7 expected). Alinentary
tract cancer was observed in 2 mai ntenance workers (0.8 expected)
and in 1 unexposed worker (0.8 expected). One new case of chronic
nyel oi d | eukaem a was reported during this foll ow up period.
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).

The Task Group evaluated these data and concl uded that the
evi dence was adequate to consider the mixtures of conmpounds to
whi ch these workers were exposed as carcinogeni ¢ for human bei ngs,
but inadequate to | abel ethylene oxide as a proved hunan
carcinogen. This conclusion was in agreenent with that arrived at
by an International Agency for Research on Cancer Wrking G oup
(1 ARC, 1985).

A simlar study in the USA concerned 767 nal e workers at an
et hyl ene oxi de producing plant. They were enployed for at |east
5 years between January 1955 and Decenber 1977 and "potentially
exposed”. Concentrations of ethylene oxide were reported to be
bel ow 18 ng/ n?, but no further details concerning exposure |evels
were reported. Exposure to other chem cals was not reported.
Control data cane from national statistics and was adjusted for
sex, age, and calendar tinme. There were 46 deaths agai nst an
expected 80; there were 11 namlignant neopl asns agai nst 15.2
expected. No statistically-significant excess deaths could be
found due to any cause. There were no deaths due to | eukaem a, 3
deat hs from pancreatic cancer (0.8 expected), 1 death from bl adder
cancer (0.3 expected), 2 deaths frombrain cancer (0.7 expected),
and 2 deaths from Hodgkin's di sease (0.4 expected) (Mrgan et al.
1981).

In the Federal Republic of Germany, 602 workers were
i nvestigated for nortality experience during the period 1928 - 80.
The workers had been enployed for at least 6 nonths in 8 plants
produci ng or processing ethyl ene oxi de and propyl ene oxide. A
subcohort of 351 workers was observed for nore than 10 years.

Control data cane froma styrene plant and from nationa

statistics. Since 1978, exposure to ethylene oxide had normally
remai ned bel ow 9 ng/nt. In the past, occasional excursions above
90 ng/ m* (50 ppm) had been reported. On one occasion during plant
breakdown, 3420 ng/ nt (1900 ppm) was neasured. No statements were
of fered concerni ng human exposure or the use of personal protective
equi prent. The workers were al so exposed to many other chem cal s,
some of which m ght be carcinogenic for human beings. There were
56 deaths conpared with 76.6 expected. There were 14 deaths from
cancer conpared with 16.6 expected. No statistically-significant
excess deaths could be found due to any cause in the cohort. In
the subcohort of 351 workers, there was a significant increase in
nortality rate due to kidney disease (3 against 0.4 expected).
There was 1 death fromgall bladder cancer, 1 death fromurinary

bl adder cancer, 1 death from brain cancer, and 1 death from myel oid
| eukaem a. Two stommch tunburs were observed conpared with 1.8
expected (Thiess et al., 1981a,b).

8.7. Mitagenicity and Rel ated End-Points

An increase in chronosonmal aberrations was found in the
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| ynphocytes of 3 groups of workers sterilizing nedical equipnent in
hospitals or factories (Abrahans, 1980; Pero et al., 1981; Hogstedt
et al., 1983). A 50%increase in aberration rate was found in 28
wor kers exposed to 8-h time-wei ghted average concentrations of

ethyl ene oxide below 1.8 ng/nfin the 2.5 years before the study.
Before this period, higher exposures were reported to have
occurred. The workers had been exposed for 0.5 - 8 years. The
mean nunber of micronuclei in the bone marrow cells of 18 of these
workers was 3 tines higher than in the controls (Hogstedt et al.
1983). Pero et al. (1981) found that, while workers exposed to
concentrations of ethylene oxi de between 0.9 and 1.8 ng/n?, for

40 h per week, did not show an increased aberration rate; others,
exposed to bursts of ethylene oxide at concentrations between 9 and
18 ng/n?, for 8 h per week, did. The Task Group noted that the
sterilization procedure involved the use of a 50:50 m xture of

et hyl ene oxi de and nethyl formate. At the same tinme, DNA repair,
induced in vitro by the mutagen N acetoxy-2-acetylam no-fluorene,
was reversibly inhibited in the | ow exposure group conpared with an
unexposed control group, but not affected in the other group. DNA
repair inhibition was positively correlated with duration of
exposure (Pero et al., 1981). 1In 43 male workers fromthe cohort
of 602 workers (section 8.5) (Thiess et al., 1981b), an increase in
chronosomal aberration rate was found that was significant for the
wor kers exposed for nore than 20 years, but not for those
accidental ly exposed or exposed for average periods of 12 and

17 years (Thiess et al., 1981a).

I n anot her ethyl ene oxi de manufacturing plant, no chronosonal
aberrations were detected in the | ynphocytes of 36 nal e workers.
These nen had been exposed for 1 - 14 years to average

concentrations of up to 0.28 ng/n? (van Sittert et al., 1985).

The sister chromatid exchange rate in | ynphocytes was not
increased in groups of 28 and 14 sterilization workers exposed to
8-h time-weighted averages, below 1.8 ng/n? for 2.5 years before
the study (Hogstedt et al., 1983) and bel ow 8 ng/ n® (Hansen et al.
1984), respectively. In the second study, peaks up to 1430 ng/n?
were al so nmeasured. Increases in sister chromatid exchange rate
were found in 4 other studies on sterilization workers (Garry et
al ., 1979; Abrahans, 1980; Yager et al., 1983; Laurent et al.
1984). In one of these studies, in which 75 workers were exposed
to levels generally below an 8-h time-wei ghted average of 90 ny/nt,
this increase was found in cells together with quadriradial

aberrations (Abrahans, 1980). 1In the other studies, groups were
smal |, exposure conditions often unclear, and the nunber of
net aphases scored, in sonme cases, limted. Yager et al. (1983)

only found an increased sister chromatid exchange rate at
relatively high calculated integrated doses of nore than 100 ng per
person. The | ength of exposure to ethyl ene oxide averaged 3.6 nin
per day; these tasks were perfornmed between 6 and 120 tines during
the 6-nonth study period. Laurent et al. (1984), studied sister
chromati d exchange rates in 2 groups of ethyl ene oxide-exposed

wor kers (estimted ethyl ene oxi de dose in past 2 years, 530 -

715 ng and 1185 - 5800 ngy, respectively) as well as unexposed
controls. Although the sister chronmatid exchange rates in the

hi gh- exposure group did not differ significantly fromthe rates in
the | ow exposure groups (not adjusted for snoking), the difference
among non- snokers between the exposed (n = 20) and the controls

(n = 15) was significant.

In a study on 41 sterilization workers in 8 hospitals in Italy,
i ncreases in both sister chromati d exchanges and in chronosonal
aberrations were detected in |ynphocytes; these effects persisted
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for nmonths after exposure was reduced or interrupted. The workers
were exposed to average 8-h tinme-wei ghted averages of either

0.63 nmg/nt or 19.3 ng/nt (section 4.3). A statistically-

significant correlation was found between sister chromati d exchange
frequency and the | evel of ethylene oxide, as well as a multiple
correl ation between sister chromatid exchange frequency and

et hyl ene oxi de exposure, snoking, and age (Sarto et al., 1984).
Simlarly, in the USA, the sister chromatid exchange frequencies in
the | ynphocytes of 61 sterilization workers involved in sterilizing
heal t h-care products, were nonitored over a period of 2 years and
conmpared with those of 82 unexposed controls. During the study
period, 8-h time-weighted-average exposures were reported to be
less than 1.8 ng/n?. Prior to the start of the study, 8-h time-

wei ght ed averages between 0.9 and 36 ng/n’ were nmeasured. Results
were adjusted for snoking habits, sex, and age. W rkers exposed to
| ow | evel s of ethyl ene oxide such as those at a worksite with 8-h
ti me- wei ght ed- average et hyl ene oxide |evels below 1.8 ng/n? pri or

to and during the study, did not show i ncreased frequencies of
sister chromatid exchange. W rkers who had been exposed to |levels
of 5 - 36 ny/n?¥, prior to the study, showed an increased frequency
of sister chromatid exchange that persisted for at |east 24 nonths
after cessation of exposure (Stolley et al., 1984).

8.8. Effects on Reproduction

In a study fromthe USSR (Yakubova et al., 1976), the course of
pregnancy and birth was followed in 57 operators, 38 |laboratory
wor kers, and 65 adminstrative staff in an ethyl ene oxi de-produci ng
plant, the majority of the wonen bei ng between 20 and 29 years of
age. A group of 50 pregnant wonmen wor ki ng outside the plant served
as additional controls. It was estimated that the operators were
exposed to ethyl ene oxi de concentrations of 0.2 - 0.3 ng/nt for 80%
of the working time and 1.0 ng/n? for the remai ning 20% while the
| aboratory workers were exposed only to the | ower concentrations.

Pregnancy toxaemia in the latter half of pregnancy and ot her
conplications were higher in the operators (14.7% and |aboratory
workers (9.9% than in the admnnistrative staff (4.6% and outside
controls (8%. On the other hand, the prim parae anong the
operators lost | ess blood perinatally than those anong the other
groups. Spontaneous abortion occurred in 6 out of 57 (10.5%
operators, 3 out of 38 (7.9% |aboratory workers, and in 5 out of
65 (7.7% admnistrative staff. The operators were subjected to
the additional stress of high | evels of noise and vibration and
wi de variations in atnospheric tenperatures.

Findings in this study do not indicate any unequi vocal adverse
ef fect of ethyl ene oxi de exposure at these concentrations on the
out cone of pregnancy.

An increase in spontaneous abortions was also found in a study
on Finnish hospital sterilizing staff in 1980, using questionnaires
and hospital discharge records. The sterilizing agents were
et hyl ene oxi de, gl utaral dehyde, and fornal dehyde. Controls were
nursing auxiliaries, fromvarious hospitals, who did not work in
sterilization, anaesthetization, or X-ray recordi ng departnments.
Results were adjusted for age, parity, decade of the reported
pregnancy, coffee and al cohol consunption, and snoki ng habits.

The rate of spontaneous abortions in the sterilization staff
menbers as a whole (9.7%in 1443 pregnancies) was simlar to the
rate in the controls (10.5%in 1179 pregnancies). A significant
i ncrease, however, was observed when the adjusted spontaneous
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abortion rate in the sterilization staff who were exposed during
pregnancy (15.1%in 545 pregnanci es) was conpared with the rate in
the staff menbers who were not exposed during pregnancy (4.6%in
605 pregnancies). On the basis of a separate study, the tine-

wei ght ed average exposure concentration was estinmated to be in the
range of 0.18 - 0.90 ng/n? (0.1 - 0.5 ppnm), with peak concentrations
up to 450 ng/nt (250 ppm). It was considered by the authors that
exposure to ethyl ene oxi de accounted for nmpost of the excess

spont aneous abortions (Henminki et al., 1982).

In a new analysis of the data, controls were chosen fromthe
sanme hospitals, and only pregnancies that started during hospita
enpl oynent were anal ysed in all groups. The spontaneous abortion
rate was still highest for the pregnancies during which exposure to
et hyl ene oxi de took place (20.4%, and the difference conpared with

controls (11.3% was significant. The abortion rate of the group
exposed to gl utaral dehyde al one (16.6% was al so significantly
el evated (Hermminki et al., 1983).

Despite any net hodol ogi cal shortconings of this reproductive
study, such as (a) the statement by Hemminki in 1983 that there was
limted exposure data, which prevented a conparison between
abortion rates and defined exposure levels; and (b) the fact that
the et hyl ene oxi de-exposed and unexposed cohorts were not bal anced
with regard to the incidence of prior abortions, there is a
suggesti on of an associ ation between et hyl ene oxi de exposure and
adver se pregnancy outcone.

9. EVALUATI ON OF THE HEALTH RI SKS FOR MAN AND EFFECTS ON THE
ENVI RONVENT

Human exposure is mainly through inhalation of the vapour
Resi dues in medical equiprment that has been sterilized with
et hyl ene oxi de and not sufficiently aerated can migrate into
ti ssues and bl ood, producing prinmarily local effects (section 8.4).
Oral ingestion of ethylene oxide residues in nost funigated or
sterilized foodstuffs is unlikely, as they disappear rapidly
t hrough evaporation or reaction with food constituents. A nmjor
conversion product in foodstuffs is 2-chloroethanol, which is nore
persi stent than ethyl ene oxide (section 4.2.1).

Most ethylene oxide is used in the chenical plant in which it
is produced. Because of the explosion hazard, ethylene oxide is
stored and handl ed in chenical process plants in closed, automated
systens. This equipnent is often | ocated outdoors, and, except
during mai ntenance, workers have a minimal chance of exposure. Air
sanpl es collected in processing areas of chenical production plants
have shown that ethyl ene oxi de vapour concentrations are generally
| ess than 4 ng/n? with occasional high peak exposures (section
4.3). Cccupational exposure to ethyl ene oxide tends to be nuch
hi gher in health instrunent manufacture and in hospitals than in
the chemical processing industries. FEthylene oxide concentrations
near mal functioning or inproperly designed equi prent may reach
hundreds of ng/n? of air for brief periods. However, 8-h timne-
wei ght ed average breathi ng-zone air concentrations in hospitals are
generally less than 36 ng/nt. It should be enphasized that the
exposure of hospital workers to ethylene oxide tends to be of a
short-termand intermttent nature with the |likelihood of exposure
to short-term (5 - 120 nin) concentrations of about 100 ng/n? and
to peak concentrations of up to 1800 ng/n? fol |l owi ng the opening of
sterilization chanbers (section 4.3).
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Et hyl ene oxide has a high solubility in water but will
evaporate to a great extent. Degradation of ethylene oxide in
neutral water is slow, even in the presence of aerobic
m croor gani sms. Because of the lowlog n-octanol water-partition
coefficient, it is unlikely that ethylene oxide and its conversion
products (such as 1,2-ethanediol) wll bioaccunulate. The toxicity
of ethylene oxide for aquatic organisnms is low (all available LGCss
are above approximately 90 ng/litre) (Table 3). The probable
effects of ethyl ene oxide on the aquatic environnent are,
therefore, considered negligible (sections 3.2, 6). There are no
data concerning the toxicity of ethylene oxide for terrestria
or gani sis.

No anmbient air nonitoring data are available fromwhich the
effects of ethylene oxide on the health of nman and the environnent
can be assessed. However, the risk for health from exposure to
ethyl ene oxide in the anmbient air, apart from point source
em ssions and accidental spillage, is likely to be negligible.

I nhal ed ethyl ene oxide is readily absorbed into the bl ood,
di stributed throughout the body, and rapidly netabolized. The
half-life in the tissues of man and rodents is approximately
10 m n; clearance fromthe bl ood of dogs occurred with a half-
life of 33 min (section 5.2). Marked nausea and profuse vomting
foll owi ng dernmal exposure of nman to aqueous sol utions of ethylene
oxi de suggest that absorption can occur through the skin (section
5.1).

Case reports indicate that headache, nausea, vonmiting,
dyspnoea, and respiratory tract irritation are conmon effects of
acute inhal ati on exposure to ethyl ene oxide (section 8.3). Case
reports and the results of aninmal studies indicate that
sensorimotor neuropathies may foll ow repeated exposure to
concentrations of ethyl ene oxide recognizable by its odour

(approxi mately 900 ng/n? or nore) (sections 2.2, 7.2.1, 8.3).

Dermat ol ogi cal effects in man foll owing skin contact with
et hyl ene oxi de include erythemn, oedemm, and vesiculation, in that
order. The severity of the skin injury is related to concentration
(a 50% (500 g/litre) solution being nost hazardous) and duration of
contact. Liquid ethylene oxide, as it vaporizes, can result in a
freeze burn. On repeated exposure, ethylene oxide may cause
del ayed allergic contact dermatitis (sections 8.1, 8.2). Ethylene
oxi de and its conversion products are irritating to the eyes and
can produce corneal injury. Cataracts have occurred follow ng
repeat ed exposure to concentrations of the vapour recognizable by
its odour (approximtely 900 ng/nt or nore) (Table 1, sections 8.1,
8.3).

Et hyl ene oxide directly al kyl ates proteins and DNA and is

nmut ageni ¢ in mcroorgani sms, plants, insects, manmmalian cells in
vitro, and mammals in vivo, including both gene nutations and
chronosomal abnornmalities (section 7.5). |In man, ethyl ene oxide
i nduces chronosomal aberrations and sister chromati d exchanges in
| ynphocytes at air concentrations found at the workplace (section
8.7). Tissue distribution studies provide evidence that ethylene
oxi de reaches the gonads, supporting the findings of heritable
nmutations in insects and rodents (sections 5.2, 7.5). Ethylene
oxi de may, therefore, be considered a potential human nutagen for
both somatic and germ cells.

The potential of ethylene oxide to cause teratogenic or adverse

reproductive effects has been examined in 4 ani nal species (nobuse,
rat, rabbit, and nonkey) by 2 routes of administration. Results
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fromthese studies showed that ethylene oxide is toxic to
reproductive function in both males (reduced sperm nunber and sperm
notility, and an increased tine to traverse a linear path) and
femal es (depression of fetal weight gain, fetal death, and feta

mal formation). The |levels needed to produce these fetal effects
approach or equal the dose needed to produce maternal toxicity
(section 7.6). The results of aninmal studies suggest possible
reproductive inpairnment in human mal es but are inadequate for
assessing the fetal risk. Data on reproductive effects in human

bei ngs are insufficient; one study, however, suggests an increase

i n spontaneous abortion rate in wonmen occupationally exposed to

et hyl ene oxi de (section 8.8). However, the reported tine-wei ghted
average air concentrations may not reflect the exposure |evels that
i nduced the effect.

It has been clearly denponstrated in experinental animl studies
that ethylene oxide is carcinogenic via different routes of
exposure (intragastric, subcutaneous injection, and inhal ation).

In 2 inhal ation studies, confirmatory data denonstrated dose-
related increases in the incidences of |eukaenia, peritonea
nesot hel i onma, and cerebral glionma (section 7.4). Although the
evi dence for the carcinogenicity of ethylene oxide in man is

i nadequat e, epi dem ol ogi cal studies indicate that exposure to
ethyl ene oxide (in mxtures with other chemicals) increases the
ri sk of malignancies (section 8.6).

Taking into account avail able data concerning the al kyl ating
nature of ethyl ene oxide, the denpnstration of DNA adducts, the
overwhel mi ng positive in vivo responses in mutagenic and
cl ast ogeni ¢ assays, the reproducible positive carcinogenic findings
in animals, and the epidem ol ogi cal findings suggesting an increase
in the incidence of human cancer, ethylene oxide should be
consi dered as a probabl e human carcinogen, and its levels in the
envi ronment shoul d be kept as | ow as feasible.

10. RECOMVENDATI ONS FOR FURTHER RESEARCH

1. The study indicating that exposure to ethyl ene oxide may be
associ ated with spontaneous abortion needs to be
corroborated and the inplication explored further

2. The possible effects of ethylene oxide on the reproductive
function of man shoul d be studi ed.

3. The epidem ol ogi cal studies indicating an increased risk of
cancer in workers exposed to ethylene oxide in conbination
with other chenicals strongly suggest that additiona
epi dem ol ogi cal studies should be carried out on
popul ati ons whose exposure has been primarily to ethyl ene
oxi de, including adequate quantification of past exposure.

4. The tenporal relationships of air concentrations of
et hyl ene oxi de and duration of exposure nust be exami ned to
determi ne which of these two factors has the greater inpact
on health.

5. Devel opnent of nethods and research should be conducted to
assess the endogenous occurrence of hydroxyethyl ation and
t he exogenous (environnmental) contribution of ethylene
oxide and its precursors to the formation of macronol ecul ar
adducts as markers of internal dose.

11. PREVI OQUS EVALUATI ONS BY | NTERNATI ONAL BODI ES
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An International Agency for Research on Cancer Wrking G oup
(I'ARC, 1985) evaluated the carcinogenicity of ethyl ene oxide and

concl uded t hat:

"There is sufficient evidence for the carcinogenicity of
ethyl ene oxide to experinental animals; there is linted
evi dence for the carcinogenicity to humans of exposures to
et hyl ene oxide in combination with other chemicals; there is
i nadequat e evi dence for the carcinogenicity to humans of
exposures to ethyl ene oxide al one. Taken together, the data
i ndi cate that ethyl ene oxide is probably carcinogenic to
humans. "

REFERENCES

ABRAHAMS, R H.  (1980) Recent studies with workers exposed to
et hyl ene oxide. In: Jorkasky, J.F., ed. Safe use of ethylene
oxi de. Proceedi ngs of the Educational Sem nar, WAshington DC
Heal th I ndustries Manufacturers Association, pp. 27-38,
211-220 (H MA Report No. 80-4)

ADLER, N. (1965) Residual ethylene oxide and ethyl ene glyco
in ethylene oxide sterilized pharmaceuticals. J. Pharm Sci.
54: 735-742.

ALOWAR, A., CAMARASA, J.M G, NOGUERA, J., ASPINOLEA, F.
(1981) Ethylene oxide dermatitis. Contact dermatit., 7:
205- 207.

ALTMAN, P.L. & DITTMER, D. S. (1974) Bi ol ogi cal data book
Bet hesda, Maryl and, Federation of American Societies for
Experi mental Biol ogy, Vol. 3.

APPELGREN, L.-E., ENEROTH, G, & GRANT, C. (1977) Studies on

et hyl ene oxi de: whol e- body aut oradi ography and dom nant | et hal

test in mice. In: dinical toxicology. Proceedings of the
Meeting held at Edi nburgh, June 1976, European Soci ety of
Toxi col ogy, Amsterdam Excerpta Medica, Vol. 18, pp. 315-317.

APPELGREN, L.-E., ENEROTH, G, GRANT, C., LANDSTROM L.-E, &
TENGHAGEN, K. (1978) Testing of ethylene oxide for

nmut ageni city using the m cronucleus test in mce and rats.
Acta pharmacol . toxicol., 43: 69-71

BINDER, H & LINDNER, W (1972) [Determ nation of ethylene
oxi de in the snoke of definitely unfum gated cigarettes.]

Fachliche Mtteilungen der Austria Tabakwerke A G, 13
215-220 (in German).

BIRD, MJ. (1952) Chem cal production of nutations in

Dr osophil a: conpari son of techniques. J. Genet., 50: 480-485.

BIRO, L., FISHER, A/A., & PRICE, E. (1974) Ethylene oxide
burns. Arch. Dermatol., 110: 924-925.

BLACKWOOD, J.D. & ERSKINE, E.B. (1938) Carboxi de poisoning.
US Navy ned. Bull., 36: 44-45.

BLI XT, S., EHRENBERCGH, L., & GELIN, O (1963) Studies of

i nduced nutations in peas. VIlI. Mitation spectrum and nutation
rate of different nutagenic agents. Agric. Hort. Genet., 21
178- 216.

Page 41 of 54



Ethylene oxide (EHC 55, 1985)

BOGYO, S., LANDE, S.S., MEYLAND, WM, HOMRD, P.H, &
SANTODONATO, J.  (1980) I nvestigation of selected potentia
envi ronment al contam nants: epoxi des, Syracuse, New York,
Center for Chemi cal Hazard Assessnent, Syracuse Research
Corporation (Report prepared for US EPA) (Report No. EPA
560/ 11- 80- 005, PB 80-183197).

BRIDIE, A L., WLFF, CJ. M, & WNTER, M (1979a) The acute
toxicity of some petrochemicals to goldfish. Wter Res., 13
623- 626.

BRIDIE, A L., WOLFF, C.J.M, & WNTER, M (1979b) BOD and
COD of sone petrochemicals. Water Res., 13: 627-630.

BROOKES, P. & LAWEY, P.D. (1961) The al kylation of
guanosi ne and guanylic acid. J. Chem Soc., pp. 3923-3928.

BUQUET, A & MANCHON, P. (1970) Recherche et dosage des
résidus et dériveés dans un pain conservé a |'aide d' oxyde
d' éthyl éne. Chim analytique, 52: 978-983.

CALLEMAN, C.J., EHRENBERG, L., JANSSON, B., OSTERMAN- GOLKAR
S., SECGERBACK, D., SVENSSON, K., & WACHTMEI STER, C. A (1978)
Monitoring and risk assessnent by neans of al kyl groups in
haenogl obin i n persons occupationally exposed to ethyl ene
oxide. J. environ. Pathol. Toxicol., 2: 247-442.

CAPELLINI, A & GHEZZI, |. (1965) [Two cases of acute
et hyl ene oxi de poisoning.] Med. Lav., 56: 822-827 (in Italian).

CHAI GNEAU, M & MURAZ, B. (1981) Action de |'oxyde
d' éthyl éne sur le tabac ( Nicotiana tabacumL.): absorption et
conbi nai sons. Ann. Pharm Fr., 39: 305-311

CLARKE, C.P., DAVIDSON, WL., & JOHNSTON, J.B. (1966)
Haenol ysi s of blood foll owi ng exposure to an Austrialian
manuf actured plastic tubing sterilized by nmeans of ethyl ene
oxi de gas. Aust. Nz J. Surg., 36: 53-55.

CLAYTON, G D. & CLAYTON, F.E., ed. (1981) Patty's industrial

hygi ene and toxicol ogy, Vol. 2a: toxicology, 3rd revised ed.
New York, Chichester, Brisbane, Toronto, John WIley and Sons,
p. 2166.

CONAN, L., FOUCAULT, B., SIOQU, G, CHAIGNEAU, M, LE MOAN, G,
& DO NEL, A. (1979) Contribution a la recherche d' une action
mut agene des résidus d' oxyde d' éthyl éne, d' éthyl éne glycol et
de chloro-2-éthanol dans le natériel plastique stérilisé par

| " oxyde d' éthyl éne. Ann. Fals. exp. Chim, 72: 141-151

CONVAY, R A, WAGGY, G T., SPIECGEL, MH, & BERGLUND, R L.
(1983) Environnental fate and effects of ethylene oxide.
Environ. Sci. Technol., 17: 107-112.

CUMM NG RB. & MCHAUD, T.A (1979) Muitagenic effects of
i nhal ed ethyl ene oxide in male mce. Environ. Mitagen., 1:
166- 167.

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

Page 42 of 54



Ethylene oxide (EHC 55, 1985)

DAUWWVAO S, C., CHAIGNEAU, M, & LE MOAN, G  (1982)
Sterilisation de pansenents par |'oxyde d'éthyl éne. 1.
Physi sorption. Ann. Pharm Fr., 40: 125-132.

DOLOVICH, J. & BELL, B. (1978) Allergy to a product(s) of
et hyl ene oxi de gas. Denonstration of IgE and I gG anti bodies
and hapten specificity. J. Alergy clin. Inmunol., 62: 30-32.

DUNKELBERG, H. (1981) [Carcinogenic activity of ethylene
oxi de and its reaction products 2-chl oroethanol,

2- br onoet hanol , ethyl ene glycol, and di ethylene glycol. I.
Carcinogenicity of ethylene oxide in conparison with

1, 2- propyl ene oxide after subcutaneous admi nistration in
mce.] Zbl. Bakt. Hyg. (I. Abt. Oig. B), 174: 383-404 (in
Ger man) .

DUNKELBERG, H. (1982) Carcinogenicity of ethylene oxide and
1, 2- propyl ene oxide upon intragastric admnistration to rats.
Br. J. Cancer, 46: 924-933.

DUNKELBERG, H. & 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 Gernman).

EDELHAUSER, H.F., ANTO NE, M E., PEDERSON, H.J., & H DDEMAN,

J.W, & HARRIS, R G (1983) Intraocular safety eval uation of

et hyl ene oxide and sterilant residues. J. Toxicol.-Cut. ocular
Toxi col ., 2: 7-39.

EHRENBERG, L. & HALLSTROM T. (1967) In: Kalling, L.O, ed.
Haemat ol ogi ¢ studi es on persons occupationally exposed to
et hyl ene oxi de, Vienna, International Atom c Agency, pp.

327-334 (Report No. SMD2-26).

EHRENBERG, L., QGUSTAFSSON, A., LUNDQVI ST, U (1956)
Chemically induced nmutation and sterility in barley. Acta
chem Scand., 10: 492-494.

EHRENBERG, L., GUSTAFSSON, A., LUNDQVI ST, U. (1959) The
mut ageni ¢ effects of ionizing radiations and reactive ethyl ene
derivatives in barley. Hereditas, 45: 351-368.

EHRENBERG, L., H ESCHE, K. D., OSTERVMAN- GOLKAR, S., & VEENNBERG
. (1974) Evaluation of genetic risks of alkylating agents:
ti ssue doses in the nouse fromair contam niated with ethyl ene
oxi de. Miutat. Res., 24: 83-103.

EMBREE, J.W & HINE, CH (1975 Mitagenicity of ethylene
oxi de. Toxicol. appl. Pharnacol., 33: 172-173.

EMBREE, J.W, LYON, J.P., & HNE, CH (1977) The nutagenic
potential of ethylene oxide using the dominant-Iethal assay in
rats. Toxicol. appl. Pharnacol., 40: 261-267.

FOVENKO, V.N. & STREKALOVA, E.Y. (1973) [The nutagenic
effect of some industrial toxins as a function of
concentration and exposure tinme.] Toksikol. Nov. Prom Hm
Veshchestr., 7: 51-57 (in Russian).

FAHWY, G G & FAHW, MJ. (1970) Gene elinmnation in

carcinogenesis: reinterpretation of the somatic nutation
theory. Cancer Res., 30: 195-205.

Page 43 of 54



Ethylene oxide (EHC 55, 1985)

FI NELLI, P., MORGAN, T.F., YAAR |., & GRANCER C. V. (1983)
Et hyl ene oxi de-i nduced pol yneuropat hy: a clinical and
el ectrophysi ol ogi ¢ study. Arch. Neurol., 40: 419-421.

FJELLSTEDT, T.A. , ALLEN, R H, DUNCAN, B.K , & JAKOBY, WB.
(1973) Enzymatic conjugati on of epoxides w th gl utathione.
J. Biol. Chem, 248: 3702-3707.

FLORES, G H (1983) Controlling exposure to al kene oxi des.
Chem Eng. Prog., 79: 39-43.

GARRY, V.F., HOZIER, J., JACOBS, D., WADE, R L., & GRAY, D.G
(1979) Ethyl ene oxide: evidence of human chronosonal effects.
Envi ron. Mitagen., 1: 375-382.

GARRY, V.F., OPP, C W, WENCKE, J.K , & LAKATUA, D. (1982)
Et hyl ene oxi de i nduced sister chronmatid exchange in hunman

| ynphocytes using a nenbrane dosinmetry system Pharnmacol ogy,
25: 214-221.

GENERCSO, WM, CAIN, K T., KRISHNA, M, SHEN, C W, & GRYDER
R M (1980) Heritable translocation and dom nant-1 et hal
nmutation induction with ethylene oxide in nice. Mitat. Res.,
73: 133-142.

GENERCSO, WM, CUW NG R B., BANDY, J. A, & CAIN, K T.
(1983) Increased dom nant-lethal effects due to prol onged
exposure of mice to inhaled ethylene oxide. Mtat. Res., 119:
377-379.

GERHARDT, U. & LADD EFFIO, J.C. (1983) [Ethylene oxide

residues in spices.] Fleisch wirtsch., 63: 606-608 (in German).

GESSNER, P.K., PARKE, D.V., & WLLIAMS, RT. (1961) The

met abol i sm of #C-1abelled ethyl ene glycol. Biochem J., 79:
482- 489.

G LDING D. K, REED, AM, & BASKETT, S. A (1980) Ethylene
oxi de sterilization: effect of polyner structure and
sterilization conditions on residue |levels. Biomaterials, 1:
145-148.

G LLESPIE, E.H, JACKSON, J.M, & ONEN, G R (1979) Ethylene
oxide sterilization: is it safe? J. clin. Pathol., 32:
1184-1187.

GLASER, Z. R (1979) Ethyl ene oxide: toxicology review and
field study results of hospital use. J. environ. Pathol.
Toxi col ., 2: 173-208.

GORDON, H. T. & THORNBURG, WW (1959) Hydroxyet hyl
derivatives in prunes fumgated with “C ethyl ene oxide.
J. agric. food Chem, 7: 196-200.

GREAVES WALKER, WG & GREESON, C. E. (1932) The toxicity of
et hyl ene oxide. J. Hyg., 32: 409-416.

GRCSS, J. A, HAAS, ML., & SWFT, T.R (1979) Ethylene oxide
neurotoxicity: report of four cases and review of the
literature. Neurology, 29: 978-983.

GRUNOW W & ALTMANN, H.-J. (1982) Toxicokinetics of
chloroethanol in the rat after single oral admnistration.
Arch. Toxicol., 49: 275-284.

Page 44 of 54



Ethylene oxide (EHC 55, 1985)

HACKETT, P.L., BROMN, MG, BUSCHBOM R L., CLARK, ML.,
MLLER, RA, MJSIC, RL., RO, S E, SCHRVMER, RE., &
SIKOV, MR (1982) Ter at ogeni ¢ study of ethyl ene and

propyl ene oxi de and N-butyl acetate, R chland, Washi ngton,
Batel |l e Pacific Northwest Laboratories (Report No. PB
83-258038) .

HANSEN, J.P., ALLEN, J., BROCK, K., FALCONER, J., HELMS, MJ.,
SHAVER, G C., & STROHM B. (1984) Normal sister chronatid
exchange levels in hospital sterilization enployees exposed to
et hyl ene oxide. J. occup. Med., 26: 29-32.

HANIFIN, J.M (1971) Ethylene oxide dermatitis. J. Am Med.
Assoc., 217: 213.

HARTMAN, P. A & BOMWAN, P.B. (1977) Sinple G.C determination
of ethylene oxide and its reaction products in drugs and
formulations. J. Pharm Sci., 66: 789-792.

HELLMAN, T.M & SMALL, F.H (1974) Characterization of the
odor properties of 101 petrochenical s using sensory nethods.
J. Air Pollut. Control Assoc., 24: 979-982.

HEMM NKI, K., MJTANEN, P., SALONNEM, |., NIEM, ML., &
VAINIO, H  (1982) Spontaneous abortions in hospital staff
engaged in sterilizing instruments with chenical agents.

Br. med. J., 285: 1461-1463.

HEMM NKI', K., MJUTANEN, P., & NNEM, M-L. (1983) Spontaneous
abortions in hospital sterilizing staff. Br. med. J., 286:
1976- 1977.

HENNE, W, D ETRICH W, PELGER, M, & SENGBUSCH G, VON
(1984) Residual ethylene oxide in hollowfibre dialyzers.
Artif. Ogans, 8: 306-309.

HNE, CH & ROAE, V.K  (1981) Epoxy conpounds. In: Patty,
S. A, ed. Industrial hygiene and toxicol ogy, 3rd revised ed.,
New York, Interscience Publishers, Vol. Ila, p. 2141.

H ROSE, T., GOLDSTEIN, R, & BAILEY, C (1963) Henolysis of
bl ood due to exposure to different types of plastic tubing and
the i nfluence of ethylene oxide sterilization. J. thorac.
cardi ovasc. Surg., 45: 245-251.

HOGSTEDT, C., MALMWNMI ST, N., & WADMAN, B. (1979a) Leukemn a

in workers exposed to ethylene oxide. J. Am Med. Assoc., 241:

1132-1133.

HOGSTEDT, C., RCHLEN, O, BERNDTSSON, B.S., AXELSON, O, &
EHRENBERG, L. (1979b) A cohort study of nortality and cancer
i nci dence in ethylene oxide production workers. Br. J. ind.
Med., 26: 276-280.

HOGSTEDT, B., GULLBERG B., HEDNER, K., KOLNIG A-M,

M TELMAN, F., SKERFVING S., & WDEGREN, B. (1983)

Chr onbsone aberrations and mcronuclei in bone marrow cells
and peripheral bl ood |Iynphocytes in humans exposed to ethyl ene
oxi de. Hereditas, 98: 105-113.

HOGSTEDT, C., ARINGER, L., & GUSTAVSSON, A. (1984) [Ethylene
oxi de and cancerreview of the literature and followup of 2
studies.] Arbete och Hilsa, 49: : 1-32 (in Swedish).

Page 45 of 54



Ethylene oxide (EHC 55, 1985)

HOLLEY, H. S. & A LDEA, J.E. (1971) Vocal cord paralysis
after tracheal intubation. J. Am Med. Assoc., 215: 281-284.

HOLLI NGSWORTH, R L., ROWE, V.K , OYEN, F., MCCOLLISTER, D.D.,
& SPENCER, H.C. (1956) Toxicity of ethyl ene oxide deterni ned
on experinental animals. Arch. ind. Health, 13: 217-227.

HUSSAI N, S. & OSTERVMAN- GOLKAR, S. (1984) Dose-response
relationship for mutations induced in E. coli by sone nodel
conmpounds. Hereditas, 101: 57-68.

| ARC (1985) Al kyl conpounds, al dehydes, epoxides, and

per oxi des, Lyons, International Agency for Research on Cancer
(Monographs on the Eval uati on of the Carcinogenic R sk of
Chem cal s to Hunans No. 36).

| PPEN, H VON & MATTH ES, V. (1970) [Protracted cheni cal
burns.] Berufsdermatosen, 18: 144-165 (in German).

| RPTC (1984) Data profile on ethyl ene oxide, Geneva,
International Register of Potentially Toxic Chemcals.

JACOBSON, K. H., HACKLEY, E.B., & FEINSILVER, L. (1956) The
toxicity of inhaled ethyl ene oxide and propyl ene oxi de vapors.
Arch. ind. Health, 13: 237-244.

JANA, MK & ROY, K. (1975) Effectiveness and efficiency of
et hyl net hane-sul phonate and et hyl ene oxide for the induction
of mutations in mce. Mitat. Res., 28: 211-215.

JAY, WM, SWFT, T.R, & HULL, D.S. (1982) Possible
rel ati onship of ethylene oxi de exposure to cataract fornation.
Am J. Ophthal mol., 93: 727-732.

JENSSEN, D. & RAMEL, C. (1980) The mcronucl eus test as part
of a short-termnmutagenicity test programfor the prediction
of carcinogenicity evaluated by 143 agents tested. Mitat.
Res., 75: 191-202.

JOHNSON, M K.  (1967) Metabolismof chloroethanol in the rat.
Bi ochem Pharmacol ., 16: 185-199.

JONES, AR & WELLS, G (1981) The conparative netabolism of

2- bronpet hanol and ethylene oxide in the rat. Xenobiotica, 11:

763-770.

JORDY, A. (1983) [The course of the concentrations of
et hyl ene oxi de reaction products in synthetic naterials

following gas sterilization.] Hyg. Med., 8: 17-19 (in Gernan).

JCSHI, S.B., DODGE, MC., & BUFALIN, J.J. (1982)
Reactivities of selected organic conpounds and contam nation
effects. Atnos. Environ., 16: 1301-1310.

JOYNER, R E. (1964) Chronic toxicity of ethylene oxide.
Arch. environ. Health, 8: 700-710.

KAUHANEN, K. (1978) Ethylene oxide. Rebuttable presunption
agai nst registration maximumresidue linmts and daily |evels
of exposure. Fed. Reg., 43:: 3804.

KLI GERVAN, A.D., EREXSON, G L., PHELPS, ME., & WLMER, J.L.
(1983) Sister-chromatid exchange i nduction in peripheral

Page 46 of 54



Ethylene oxide (EHC 55, 1985)

bl ood | ynphocytes of rats exposed to ethyl ene oxi de by
inhal ation. Mitat. Res., 120: 37-44.

KOLMARK, H G & KILBEY, B.J. (1968) Kinetic studies of
nmut ati on induction by epoxides in Neurospora crassa. Ml ec.
Gen. Genet., 101: 89-98.

KOLMARK, H. G & WESTERGAARD, M  (1953) Further studies on
chem cal | y-i nduced reversions at the adeni ne | ocus of
Neur ospora. Hereditas, 39: 209-224.

KORPELA, D.B., MCJILTON, C E., & HAWKINSON, T.E.  (1983)
Et hyl ene oxi de dispersion fromgas sterilizers. Am Ind. Hyg.
Assoc. J., 44: 589-591.

KROLLER, E. VON (1966) [Ilnvestigations into the fumnigation
of foodstuffs by ethylene oxide and into the determ nation of
its residues.] Dtsch. Lebensm Rundsch., 62: 227-234 (in
Ger man) .

KUZUHARA, S., KANAZAWA, 1., NAKANISH , T., & EGASH RA, T.
(1983) Ethyl ene oxi de pol yneuropathy. Neurology, 33: 377-380.

LABORDE, J.B. & KIMVEL, C. A. (1980) The teratogenicity of
et hyl ene oxi de adnini stered intraveneously to mice. Toxicol.
appl . Pharmacol ., 56: 16-22.

LAHAYE, D., ASSCHE, F., VAN, & THEUNI SSEN, A. [Ethyl ene oxide
levels in the sterilization units of hospitals.] Tijdschr.
Soc. Gezondheidsz., 62: 707-713 (in Dutch).

LAMY, F., LACHAPELLE, J.-M, & BRAEKEL, G VAN (1974)
Dermtes professionnelles a |'oxyde d' éthyl éne chez des sujets
travaillant en zone stérile. Arch. Mal. prof. Md. Trav.
Sécur. soc., 35: 719-724.

LAURENT, C., FREDERIC, J., & LEONARD, A Y. (1984) Sister
chromati d exchange frequency in workers exposed to high | evels
of ethylene oxide, in a hospital sterilization service.

Int. Arch. occup. environ. Health, 54: 33-43.

LEBREC, D., MASQUET, C., & RUEFF, B. (1977) Coll apsus apres
expl oration endovascul aire avec des cathéters stérilisés a
| " oxyde d' éthyl éne. Nouv. Presse Med., 6: 2991.

LI PTON, B., GUTIERREZ, R, BLAUGRUND, S., LITWAK, R S., &
RENDELL- BAKER, L. (1971) Irridiated PVC plastic and gas
sterilization in the production of tracheal stenosis follow ng
tracheostony. Anest. Analg., 50: 578-586.

LYARSKI I, P.P., YURCHENKO, V.V., ZHURKOV, V.S., & GLEI BERVAN,
S.E. (1983) [Mitagenic hazards of parenteral administration
of ethylene oxide to mammals.] Gg. i Sanit., 1: 23-26 (in
Russi an) .

LYNCH, D.W, LEWS, T.R, MOORVAN, WJ., BURG J.R, GROTH,
D.H, KHAN, A., ACKERMAN, L.J., & COCKRELL, B.Y. (1984a)
Car ci nogeni ¢ and toxicologic effects of inhaled ethyl ene oxide
and propyl ene oxide in F344 rats. Toxicol. appl. Pharnacol.,
76: 69-84.

LYNCH, D.W, LEWS, T.R, MOORVAN, WJ., BURG J.R, GULATI,

D.H, KAUR P., & SABHARWAL, P.S. (1984b) Sister-chromatid
exchanges and chronosone aberrations in |ynphocytes from

Page 47 of 54



Ethylene oxide (EHC 55, 1985)

nonkeys exposed to et hyl ene oxi de and propyl ene oxi de by
i nhal ation. Toxicol. appl. Pharmacol., 76: 85-95.

LYNCH, D.W, LEWS, T.R, MOORMAN, WJ., LAL, J.B., BURG

J.R, GULATI, D.K, ZAVCS, P.M, & SABHARWAL, P.S. (1984c)
Toxi ¢ and nut agenic effects of inhal ed ethyl ene oxi de and
propyl ene oxi de on spermatogeni c functions in nonkeys.
Toxi col ogi st, 3: 60.

MACKEY, J. (1968) Mitagenesis in Vulgare wheat. Hereditas,
59: 505-517.

MCCHESNEY, E. W, GOLBERG L., PAREKH, C K., RUSSELL, J.C, &
MN, B.H (1971) Reappraisal of the toxicology of ethylene
glycol. Il. Metabolismstudies in |aboratory aninmals. Food
cosmet. Toxicol., 9: 21-30.

MCDONALD, T.0O., KASTEN, K., HERVEY, R, GREGG S., BORGVANN,

AR, & MURCH SON, T. (1973) Acute ocular toxicity of

et hyl ene oxi de, ethylene glycol, and ethyl ene chl orohydrin.
Bull. Parenter. Drug Assoc., 27: 153-164.

MCGUNNI GLE, R G, RENNER, J.A., ROVANO, S.J., & ABCDEELY,

R A (1975 Residual ethylene oxide: levels in nedical grade
tubing and effects on an in vitro biological system

J. Biomed. Mater. Res., 9: 273-383.

MANTZ, J.M, TEMPE, J.D., JAEGER, A, & VIDAL, S. (1972)
St enoses trachéales et stérilisation des canul es de
trachéotom e par |'oxyde d' éthylene. Sem HOp. Paris, 48:
3367-3370.

MARTI S, L., KRCES, R, DARBY, T.D., & WOODS, E. F. (1982)

Di sposition kinetics of ethylene oxide, ethylene glycol, and
2-chl oroethanol in the dog. J. Toxicol. environ. Health, 10:
847- 856.

MARX, G F., STEEN, S.N., SCHAPIRA, M, ERLANGER, H. L., ARKINS
R E, JADMWAT, C M, & KEPES, E. (1969) Hazards associ ated
with ethyl ene oxide sterilization. NY State J. Med., 69:
1319-1320.

METZ, E. VON (1939) [Poisoning by ethylene oxide (Cartox or
T-gas).] Samm . Vergiftungsfallen, 10: 37-38 (in Gernan).

MGIORE, L., ROSSI, AM, & LOPRIENO N. (1982) Muitagenic
action of structurally-rel ated al kene oxi des on

Schi zosacchar onmyces ponbe: the influence "in vitro" of
nouse-liver netabolizing system Mitat. Res., 102: 425-437

MORGAN, R W, CLAXTON, KW, DIVINE, B.J., KAPLAN, S.D., &
HARRI S, V.B. (1981) Mortality anmong ethyl ene oxi de workers.
J. occup. Med., 23: 767-770.

MORPURGO, G (1963) Induction of mitotic crossing-over in
Aspergi |l l us nidul ans by bifunctional alkylating agents.
Genetics, 48: 1259-1263.

MOUI LLESEAUX, A., LAURENT, A.-M, FABRE, M, JOUAN, M, &

FESTY, B. (1983) Teneurs atnosphériques en oxyde d'éthyl éne
décel ées dans | ' environnenent professionnel d'instalations de
stérilisation ou de désinfection. Arch. Mal. Prof., 44: 1-14.

MOUTSCHEN- DAHMEN, J., MOUTSCHEN- DAHMEN, M, & EHRENBERG L.

Page 48 of 54



Ethylene oxide (EHC 55, 1985)

(1968) Note on the chronosone breaking activity of ethylene
oxi de and ethyl eneimne. Hereditas, 60: 267-269.

NAKAO, Y. & AUERBACH, C. (1961) Test of a possible
correl ati on between cross-1inking and chronosone breaking
abilities of chemical nutagens. Z. Vererbungsl., 92: 457-461

O LEARY, R K., WATKINS, WD., & GUESS, WL. (1969)
Conpar ati ve cheni cal and toxicol ogi cal evaluation of residua
ethyl ene oxide in sterilized plastics. J. Pharm Sci., 58:
1007-1010.

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

OSTERVMAN- GOLKAR, S (1983) Tissue doses in nan: inplications
inrisk assessnent. In: Hayes, A W, ed. Developnents in the
Sci ence and Practice of Toxicol ogy. Proceedings of the 3rd
I nt ernati onal Congress on Toxicol ogy, San Di ego, California.

OSTERVAN- GOLKAR, S., EHRENBERG L., SECERBACK, D., &
HALLSTROM |. (1976) Evaluation of genetic risks of

al kyl ating agents. |l. Haenpgl obin as a dose nonitor
Mutat. Res., 34: 1-10.

OSTERVAN- GOLKAR, S., FARMER, P.B., SEGERBACK, D., BAILEY, E.
CALLEMAN, C.J., SVENSSON, K., & EHRENBERG, L. (1983)

Dosimetry of ethylene oxide in the rat by quantitation of

al kyl ated histidine in haenogl obin. Teratog. Carcinog. Mitag.,
3: 395-405.

PERO, E. W, WDEGREN, B., HOGSTEDT, B., & M TELMAN, F.

(1981) In vivo and in vitro ethylene oxide exposure of hunman
| ynphocyt es assessed by chemical stinulation of unschedul ed
DNA synthesis. Mitat. Res., 83: 271-289.

PFEI FFER, E.H. & DUNKELBERG H. (1980) Miutagenicity of
et hyl ene oxi de and propyl ene oxi de and of the glycols and
hal ohydrins fornmed fromthemduring the funigation of
foodstuffs. Food cosnet. Toxicol., 18: 115-118.

PFEI LSTICKER, K. & SIDDIQUI, |.R  (1976) [lsolation of the
derivatives from cocoa-powder fum gated by ethyl ene oxide
1,2-C and their structure suggested on the basis of |.R and
nmass-spectronetry.] Z. Lebensm Unters. Forsch., 160: 19-27
(in Gernman).

PFEI LSTICKER, K., FABRICIUS, G, & TIMVE, G (1975)
[ Si mul t aneous gas chromat ographi ¢ deterni nati on of ethyl ene
oxi de, ethylene chlorohydrin, and ethylene glycol in grain.]
Z. Lebensm Unters. Forsch., 158: 21-25 (in Gernan).

PO R ER, V. & PAPADOPOQULO, D. (1982) Chronpsonal aberrations
i nduced by ethylene oxide in a human amiotic cell line in
vitro. Miutat. Res., 104: 255-260.

POOTHULLIL, J., SHIMzZU, A, DAY, RP., & DOLOVICH J.
(1975) Anaphyl axis fromthe product(s) of ethyl ene oxide gas.
Ann. intern. Med., 82: 58-60.

QUAZI, A H & KETCHAM N.H  (1977) A new nethod for
noni tori ng personal exposure to ethylene oxide in the

occupational environment. Am Ind. Hyg. Assoc. J., 38: 635-647.

Page 49 of 54



Ethylene oxide (EHC 55, 1985)

RADDING S.B., LIU D H, JOANSON, H L., & MLL, T. (1977)

Revi ew of the environnental fate of selected chem cals,
Washi ngton DC, US Environmental Protection Agency, Ofice of
Toxi ¢ Substances, (EPA 560/5-77-003, PB 267121).

RAGELIS, E.P., FISHER B.S., KLIMECK, B.A , & JOHNSQN, C.
(1968) Isolation and determ nation of chlorohydrins in foods
fum gated with ethyl ene oxide or with propyl ene oxide.

J. Assoc. Offic. Agric. Chem, 51: 709-715.

RAJENDRAN, S. & MJTHU, M  (1981) Detection of acrylonitrile
and ethylene oxide in air and fum gated foodstuffs.
Bull. environ. Contam Toxicol., 27: 426-431.

RANNUG, U., GOTHE, R, & WACHTMEI STER, C. A. (1976) The

nmut ageni city of chl oroethyl ene oxi de, chl oroacet al dehyde,

2-chl oroet hanol, and chl oroacetic acid, conceivable netabolites
of vinyl chloride. Chem-Biol Interact., 12: 251-263.

RI LLAER, WG, VAN & BEERNAERT, H  (1982) Deternination of

resi dual ethyl ene chlorohydrin (ECH) in funigated foodstuffs

by gl ass capillary gas chromatography. Z. Lebensm Unters.
Forsch., 175: 175-178.

ROVANO, S.J. & RENNER, J. A (1979) Analysis of ethylene
oxi de-wor ker exposure. Am Ind. Hyg. Assoc. J., 40: 742-745.

ROMANO, S.J., RENNER, J. A, & LEITNER, P.M (1973) Gas
chr omat ogr aphi ¢ determ nati on of residual ethylene oxide by
head space analysis. Anal. Chem, 45: 2327-2330.

ROYCE, A. & MOORE, WK. S. (1955) Cccupational dermatitis
caused by ethylene oxide. Br. J. ind. Md., 12: 169-171.

SARTO, F., COMNATO |., PINTON, A M, BROVEDANI, P.G,

FACClOLI, CM, BIANCH, V., & LEVIS, A G (1984)

Cytogenetic damage in workers exposed to ethyl ene oxide.
Mutat. Res., 138: 185-195.

SCUDAMORE, K. A. & HEUSER, S. G (1971) Ethylene oxide and its
persi stent reaction products in wheat flour and other
commodities: residues fromfumgation or sterilization, and
effects of processing. Pestic. Sci., 2: 80-91.

SEGERBACK, D. (1983) Alkylation of DNA and haenogl obin in
the mouse foll ow ng exposure to ethene and et hene oxi de.
Chem -Biol. Interact., 45: 139-151.

SEXTON, R J. & HENSON, E.V. (1949) Dermatological injuries
by ethylene oxide. J. ind. Hyg. Toxicol., 31: 297-300.

SEXTON, R J. & HENSON, E. V. (1950) Experinmental ethylene
oxi de human skin injuries. J. ind. Hyg. Toxicol., 32: 549-564.

SHULOVSKA, K., LINDGREN, D., ERIKSSON, G, & EHRENBERG L.
(1969) The nutagenic effect of |ow concentrations of ethylene
oxide in air. Hereditas, 62: 264-266.

SHUPACK, J.L., ANDERSEN, S.R, & ROMANO, S.J. (1981) Human
skin reactions to ethylene oxide. J. Lab. clin. Med., 98:
723-729.

SITTERT, N.J., VAN, JONG G, DE, CLARE, MG, DAVIES, R,

Page 50 of 54



Ethylene oxide (EHC 55, 1985)

DEAN, B.J., WREN, L.J., & WRIGHT, A S. (1985) Cytogenetic,
i mmunol ogi cal, and haemat ol ogi cal effects in workers in an
et hyl ene oxi de-manufacturing plant. Br. J. ind. Md., 42:
19- 26.

SMTH, HH &LOTFY, T.A (1954) Conparative effects of
certain chem cals on tradescanti a chronbsones as observed at
pollen tube mtosis. Am J. Bot., 41: 489-593.

SMYTH, H. F., SEATON, J., & FISHER, L. (1941) The single dose
toxicity of some glycols and derivatives. J. ind. Hyg. Toxicol.
23: 259-268.

SNELLINGS, WM, VEIL, CS., & MARONPOT, R R (1981)

Et hyl ene oxi de: two-year inhalation study on rats, Pittsburgh
Pennsyl vani a, Bushy Run Research Center (Final Report No.
44-20) .

SNELLINGS, WM, ZELENAK, J.P., & VEEIL, C S. (1982a) Effects
on reproduction in Fischer 344 rats exposed to ethyl ene oxide
by inhal ation for one generation. Toxicol. appl. Pharnacol .,
63: 382-388.

SNELLINGS, WM, MARONPOT, R R, ZELENAK, J.P., & LAFFOON

C.P. (1982b) Teratol ogy study on Fischer 344 rats exposed to
et hyl ene oxi de by inhalation. Toxicol. appl. Pharnacol., 64:
476- 481.

SNELLINGS, WM, VEIL, CS., & MARONPOT, R R (1984a) A
subchroni c inhal ati on study on the toxicologic potential of
et hyl ene oxide in B6C3F1l mice. Toxicol. appl. Pharmacol., 76
510-518.

SNELLINGS, WM, VEIL, CS., & MARONPOT, R R (1984b) A
two-year inhalation study of the carcinogenic potential of
ethyl ene oxide in Fischer 344 rats. Toxicol. appl. Pharnacol.
75: 105-117.

SPASOVSKI, M, HRISTEVA, V., PERNOV, K., KIRKOV, V.,
DRIJANOVSKA, T., PANOVA, Z., BOBEV, G, G NCHEVA, N, &

| VANOVA, S. (1980) [Health status of the workers fromthe
production of ethylene and ethyl ene oxide.] Khig. Zdraveopaz.
23: 41-47 (in Russian).

SPRINZ, H., MATZKE, H., & CARTER J. (1982) Neur opat hol ogi ca

eval uati on of nonkeys exposed to ethyl ene and propyl ene oxi de,
Kansas City, Mssouri, Mdwest Research Institute (Prepared for
NI OSH) (PB 83-134817).

STANLEY, P., BERTRANQU, E., FOREST, F., & LANGEVIN, L.

(1971) Toxicity of ethylene oxide sterilization of polyvinyl
chloride in open-heart surgery. J. thorac. cardiovasc. Surg.
61: 309-314.

STAR, E.G (1980a) [Mitagenic and cytotoxic effect of
et hyl ene oxi de on human cell cultures.] Zbl. Bakt. Hyg. (I. Abt.
Oig. B), 170: 548-556 (in Gernan).

STAR, E.G (1980b) [Absorption and desorption of ethylene
oxi de in anaesthesia supplies.] Zbl. Bakt. Hyg. (I. Abt. Orig. B),
170: 557-569 (in Gernman).

STAR, E.G (1980c) [Ethylene oxide residues and aeration
time after use of modern heated aerators.] Zbl. Bakt. Hyg.

Page 51 of 54



Ethylene oxide (EHC 55, 1985)

(I. Abt. Oig. B), 171: 18-24 (in Gernan).

STAR, E.G (1980d) [Gamma-rays and et hyl ene oxi de
sterilization.] Zbl. Bakt. Hyg. (I. Abt. Orig. B), 171: 33-41
(in Gernan).

STAR, E.G, CASELITZ, J., & LONING T. (1980) [The effect of
et hyl ene oxi de and chem cal desinfectant residues upon the

| arynx- and tracheal nucosa of rabbits.] Zzbl. Bakt. Hyg.

(I. Abt. Oig. B), 170: 539-547 (in Gernan).

STARK, WJ., ROSENBLUM P., MAUMENEE, A E., & CO/EN, C.L.
(1980) Postoperative inflammtory reactions to intraocul ar
| enses sterilized with ethyl ene oxide. Opthal nol ogy, 87:
385- 389.

STIJVE, T., KALSBACH, R, & EYRING G (1976) Determnination
and occurrence of ethylene chlorohydrin residues in foodstuffs
fum gated with ethylene oxide. Mtt. Geb. Lebensm Unters.,
67: 403-428.

STOCKER, WG & THIESS, AM (1979) Mrbidity study on
wor kers exposed to ethyl ene oxi de/ propyl ene oxide. In: The 7th
Medi chem Congress, Gera, 11-15 Septenber, 1979.

STOLLEY, P.D., SOPER, K A, GALLOMY, S.M, NICHO.S, WW,
NORMAN, S. A, & WOLMAN, S.R  (1984) Sister-chromatid
exchanges in association with occupational exposure to

et hyl ene oxide. Mitat. Res., 129: 89-102.

STREKALOVA, E. Y., CH RKOVA, Y.M, & GOLUBOVICH, Y.Y. (1975)

[ Mut ageni ¢ action of ethylene oxide on sex and somatic cells
in male white rats.] Toksikol. Nov. Prom H m Veshchestr., 6:
11-16 (in Russian).

TAN, E.-L., CUWMNG RB., &HSIE, AW (1981) Mitagenicity
and cytotoxicity of ethylene oxide in the CHO HGPRT system
Envi ron. Mitagen., 3: 683-686.

TANOOKA, H.  (1979) Application of Bacillus subtilis spores
in the detection of gas nutagens: a case of ethyl ene oxide.
Mutat. Res., 64: 433-435.

THIESS, A M (1963) [Coservation on the adverse health
effects of ethylene oxide.] Archiv. Toxikol., 20: 127-140 (in
Ger man) .

TH ESS, A M, SCHWEG.ER, H, FLEIG |., & STOCKER, WG
(1981a) Mutagenicity study of workers exposed to al kene
oxi des (et hyl ene oxi de/ propyl ene oxi de) and derivati ves.
J. occup. Med., 23: 343-347.

TH ESS, A.M, FRENTZEL-BEYME, R, LINK R, & STOCKER, WG
(1981b) Mortality study on enpl oyees exposed to al kene oxi des
(et hyl ene oxi de/ propyl ene oxide) and their derivatives. In:
I nternati onal Synposium on Prevention of Occupational Cancer,
Hel si nki, pp. 249-259.

TROSI, F.M (1965) [Aphonia of |ate onset due to
occupati onal exposure to ethylene oxide.] Med. Lav., 56:
373-377 (in Italian).

UKITA, T., OKUYAMA, H., & HAYATSU, H (1963) Modifications
of nucl eosi des and nucl eotides. |. Reaction of ethylene oxide

Page 52 of 54



Ethylene oxide (EHC 55, 1985)

with uridine and uridylic acid. Chem Pharm Bull. (Tokyo),
11: 1399- 1404.

US DEPARTMENT OF LABOR (1984) (Qccupational exposure to
et hyl ene oxide: final standard. Fed. Reg., 49: 25734-25809.

US EPA (1985) Heal th assessnent docunent for ethyl ene oxide,
Washi ngton DC, US Environnental Protection Agency (EPA
600/ 8- 84/ 009F) .

USITC (1971) Synthetic organic chemcals. United States
production and sal es, Washington DC, United States
I nternational Trade Commi ssion.

USI TC (1981) Synthetic organic chenicals. United States
production and sal es, Washington DC, United States
I nternational Trade Commi ssion.

VAN DUUREN, B.L., ORRIS, L., & NELSON, N (1965)
Carci nogenicity of epoxides, |actones, and peroxy conpounds.

Part Il1. J. Natl Cancer Inst., 35: 707-717.
VETTORAZZI, G (1979) International regulatory aspects for
pesticide chemcals. |I. Toxicity profiles, Boca Raton,

Florida, CRC Press Inc., pp. 55-56.

VI RTANEN, P.O 1. (1963) Kinetics of the reactions of
et hyl ene oxide with nucl eophiles. Am Acad. Sci. Fenn. Ser. A
1, 124: 1-89.

WAI TE, C. P., PATTY, F. A, & YANT, WP. (1930) Acute response
of gui nea-pigs to vapours of some new conmercial organic
conmpounds. |V. Ethylene oxide. Pub. Health Rep., 45: 1832-1843.

WEBBER, D. (1984) Basic chem cal output returns to growth.
Top 50 chem cal products. Chem Eng. News, May 7: 8-10.

WESLEY, F., ROURKE, B., & DARBISH RE, O (1965) The
formati on of persistent toxic chlorohydrins in foodstuffs by
fum gation with ethylene oxide and with propyl ene oxi de.

J. food Sci., 30: 1037-1042.

WHO (1978) Envi ronnental health problens associated with the
manuf acture and uses of synthetic organic chemicals, Geneva,
World Health Organization (Report No. HCS/ 78. 2).

W NDMUELLER, H. G & KAPLAN, N.O (1961) The preparation and
properties of N hydroxyethyl derivatives of adenosine,

adenosi ne tri-phosphate, and nicotinani de adeni ne

di nucl eotide. J. Biol. Chem, 236: 2716-2726.

W NDMUELLER, H. G, ACKERMAN, C.J., BAKERMAN, H. , & M CKELSEN,
O (1959) Reaction of ethylene oxide with nicotinanide and
nicotinic acid. J. Biol. Chem, 234: 889-894.

WOLFS, P., DUTRIEUX, M, SCAILTEUR, V., HAXHE, J.-J., ZUMOFEN,
M, & LAWERIJS, R (1983) Surveillance des travailleurs
exposés a |'oxyde d' éthyl éne dans une enterprise de
distribution de gaz stérilisants et dans des unités de
stérilisation de nmatériel nédical. Arch. Ml. Prof., 44:

321- 328.

WOODARD, G & WOODARD, M  (1971) Toxicity of residuals from
et hyl ene oxide gas sterilization. In: Proceedings of the 1971

Page 53 of 54



Ethylene oxide (EHC 55, 1985)

H A Techni cal Synposi um Washi ngton DC, Health I ndustries
Associ ati on.

YAGER, J.W & BENZ, R D. (1982) Sister-chromatid exchanges
i nduced in rabbit |ynphocytes by ethyl ene oxide after
i nhal ati on exposure. Environ. Mitagen., 4: 121-134.

YACER, J.W, HINES, CJ., & SPEAR R C. (1983) Exposure to
et hyl ene oxi de at work increases sister-chromatid exchanges in
human peripheral |ynmphocytes. Science, 219: 1221-1223.

YAKUBOVA, Z.N., SHAMOVA, H A, MJFTAKNOVA, F. A, & SHI LOVA,
L.F. (1976) [Gynaecol ogical disorders in workers engaged in
et hyl ene oxi de production.] Kazan. Med. zh., 57: 558-560 (in
Russi an) .

ZAMORA, P.O, BENSON, J.M, LI, A P., & BROOXKS, A L. (1983
Eval uati on of an exposure systemusing cells grown on coll agen
gels for detecting highly volatile nutagens in the CHQ HGPRT
mut ati on assay. Environ. Mitagen., 5: 795-801.

See Al so:
Toxi col ogi cal Abbrevi ations
Et hyl ene oxi de (HSG 16, 1988)
Et hyl ene oxi de (1 CSC)
ETHYLENE OXI DE (JECFA Eval uati on)
Et hyl ene oxi de (FAO Meeting Report PL/1965/ 10/ 2)
Et hyl ene oxi de (FAQ PL: 1968/ M 9/1)
Et hyl ene oxi de (WHO Pestici de Residues Series 1)
Et hyl ene oxi de (Cl CADS 54, 2003)

Et hyl ene Oxi de (1 ARC Summary & Eval uation, Vol une 60, 1994)

Page 54 of 54



	cover template.pdf
	Blank Page




