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OECD SIDS EITHYLENE

Summary of Responsesto the OECD Request for
Available Data on HPV Chemicals

SIDSPROFILE
101A CASNO. 74-85-1
101C CHEMICAL NAME Ethylene
101G STRUCTURAL FORMULA
H. _H
Cc=cC,_
H H
OTHER CHEMICAL
IDENTITY INFORMATION
15 QUANTITY Millions metric tonnes per year:
(capacity for 1996)
Norway: 0.4
World:  83.0
1.7 USE PATTERN Chemical industry; as raw material for
synthesis of chemicals, petrochemicals
and resins.

Minor quantities used for fruit ripening
and as anaesthetic gas.

19 SOURCES OF EXPOSURE Fuel, coal and gas combustion.
Leakage from chemical industry.
Rural areas: <1-5ng/m®

(0.9 - 4.3 ppb)
Heavy traffic areas:
up to 1.0 mg/m? (0.9 ppm)
Petrochemical plants:
up to 5 mg/m° (4.3 ppm)
ISSUES FOR No further testing required
DISCUSSION

(IDENTITY, IF ANY)
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1. GENERAL INFORMATION

A. CAS number: 74-85-1

B. Name (IUPAC): Ethylene
C. Name (OECD): Ethylene
F. Molecular formula: CH,CH,

G. Structural formula:

H. _H
c=cC_
H H
H. Substance group: Industrial chemical; as raw materia for synthesis of chemicals,

petrochemicals and resins.
J. Molecular Weight: 28.05
1.02 OECD INFORMATION
A. Sponsor Country: Norway

B. Lead Organisation:
Norwegian Pollution Control Authority (SFT),
P.O. Box 8100 Dep.,
N-0032 Oslo
NORWAY

Contact person:
Marit Kopangen

Tel.: +47 22 573400
Fax.. +47 22 676706

C. Name of responder:
Noretyl ANS,
Petrochemical division,
Norsk Hydro ANS,
N-0240 Oslo
NORWAY

11 GENERAL SUBSTANCE INFORMATION

A. Type of Substance: Organic, hydrocarbon
B. Physical state ( at 20 °C and 1.013 hPa): Gaseous
C. Purity:

17
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12

13

14

15

16

1.7

18

1) High purity : >99.9 %
2) Commercia purity :  about 99.9 %

SYNONYMS
Ethene, acetene, bicarburetted hydrogen, olefiant gas, elayl.
IMPURITIES

Western Europe product, (ppm range):
Methane + ethane (50-200), propylene and heavier (7-200), CO, (2.2-50), H»(0.1-10), O, (0.6-
10), acetylene (1.4-10), total sulphur (1-10), water (0.6-20) and CO (0.15-10) [3].

ADDITIVES
None known.
QUANTITY

More than 1,000,000 tonnes per annum.
Capacity for 1996 [2]:

Norway: 405,000 tonnes

World: 83,000,000 tonnes

LABELLING AND CLASSIFICATION

EEC: Fx, R12 (Extremely flammable).

S2 (Keep out of reach of children.

S9 (Keep container in well-ventilated place)

S16 (Keep away from sources of ignition - No smoking)
S33  (Take precautionary measures against static discharges)

Norway: F, R13 (Extremely flammable liquid gas)
S9-16-33

According to IARC Monograph Volume 60, (1994):
Ethylene: The agent is not classifiable as to its carcinogenicity to humans [3].

USE PATTERN

Ethylene is the petrochemical product produced in largest quantities world-wide. More than 95%
of the annual commercia production of ethylene is currently based on steam cracking of
petroleum hydrocarbons [4].

About 80 % of the ethylene consumed in US, Western Europe and Japan is used for production
of ethylene oxide, ethylene dichloride and low densty, linear low density and high density
polyethylene. Significant amounts are also used to make ethylbenzene, acohols, olefins,
acetaldehyde and vinylacetate. Most of these products are further prosessed into products such as
film, blow and injection moulding, extrusion coating, cable insulation and PV C. Minor quantities
have been used as anaesthetic gas, for fruit ripening and for welding and cutting metals.

General
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1.10

21

22

2.3

Type of use: Category:
a) Main Usein closed systems
industrial Chemical Industry: used in synthesis
use Raw material
b) Main Non dispersive use
industrial Agricultural Industry
use Asfruit ripener

Usesin Consumer Products
Not known

OCCUPATIONAL EXPOSURE LIMIT VALUE

No exposure limits have been recommended in most countries, but Switzerland established a
time-weighted average occupationa exposure limit of 11 500 mg/m3 [3].

SOURCES OF EXPOSURE

Ethylene is ubiquitous in the environment, arising from both natura and man made sources.
Major sources are as a natural product from vegetation of all types [5].

The main anthropogenic sources are from combustion of gas, fuel, coa and biomass. Maximal
exposure of ethylene to humans is considered to be through fossil combustion by vehicles. The
total ethylene emission from the global surface has been estimated to be 18-45 10° t/y, of which
approximately 74% is released from natural sources and 26 % from anthropogenic sources.
Emission from oil combustion is estimated to 1.54 '10° t/ly [5]. Ethylene produced and consumed
in chemical industry is kept in closed systems and the production facility is normally next door to
the factory using ethylene as a raw material. Exposure to ethylene from industrial sources are
thus mainly due to uncontrolled leakage or blow outs. Such events occur at a rate of once every
2.010° t/y of produced ethylene and may result in an immediate release of about 1 ton.

ADDITIONAL REMARKS

Option for disposal
Incineration.

Other remarks
No data

PHYSICAL-CHEMICAL DATA

MELTING POINT
-169.15 °C [4]
BOILING POINT
-103.71°C [4]

DENSITY

19



OECD SIDS EITHYLENE

d = 0.57 g/em® at boiling point [4].
Gas density at STP 1.2603 ¢/l [4].
Density relative to air 0.9686 [4].
24 VAPOUR PRESSURE
4.27 MPaat 0 °C [4].
25 PARTITION COEFFICIENT logioPow
LogwPow = 1.13 (calculated) [6].
2.6 WATER SOLUBILITY
A. Solubility
According to Merck Index, "One volume of ethylene gas dissolvesin 4 vol of water at 0°C" [7].
One volume of ethylene gas dissolvesin 9 volumes of water at 25 °C [8].
Solubility: 131 mg/l at 20°C [9].
At 15 °C the solubility in water is 200 mg/l [10].
B. pH Value, pKa Value
No data available. There is no chemical evidence to suggest a reaction between dissolved
ethylene and water and pH remains unchanged.
2.7 FLASH POINT
- 136.11 °C [11].
2.8 AUTO FLAMMABILITY

Autoignition temp: 543°C [7].
Ignition temp: 425-527°C [4].

29 FLAMMABILITY
Extremely flammable - liquefied gas.
210 EXPLOSIVE PROPERTIES
Explosive limitsin air (0.1 MPaand 20°C) [4] :
Lower explosvelimit (LEL): 2.75vol %
Upper explosive limit (UEL):  28.6 vol %
211 OXIDIZING PROPERTIES
No information

212 OXIDATION:REDUCTION POTENTIAL

No information.
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213

31

311

312

ADDITIONAL DATA

Partition co-efficient between soil/sediment and water (Kd).
No information

Other data

Converson factor for ethylenein air:
1ppminair = 1.15mg/m’>= 912 nl/l [1,4]

Odour threshold:

Odour low: 299 mg/m®
Odour high: 4600 mg/m® [12]

ENVIRONMENTAL FATE AND PATHWAYS

STABILITY
STABILITY IN AIR

The fate of atmospheric ethylene emitted from natural and anthropogenic sources has been
estimated by Sawada and Totsuka, 1986 [5]. They concluded that 89 % was destroyed in the
troposphere by reaction with OH radical, and 8 % in the reaction with Os. The remaining 3 %
was transported into the stratosphere. The atmospheric lifetime of ethylene was estimated to be
between 2 and 4 days.

Indirect calculation of photodegradation with O3 as a sensibilizer gave a lifetime of 9.4 days
[13]. Using OH asthe sensibilizer alifetime of 2.7 days was calculated [14].

The following lifetimes are according to Howard, P.H. et a (1991) [15]: Handbook of
environmental degradation rates:

Lifetimes:
Air: High: 3.36 days
Low: 0.37 days

Thisis based upon combined, measured photoxidation rate constants for ‘OH and Os.
If the calculation procedures for organic compounds in atmosphere of Atkinson, R. (1996) [75]
are used the following depletion rates are found:

Lifetimes
Air Due to ‘OH reaction 1.7 days
Dueto O; reaction 10 days
Due to stratospheric removal 1900 days

Stratospheric remova can be calculated according to IPPC (1995) [76], assuming a sSmilar
removal of ethylene as CO.

STABILITY IN WATER

No data available
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3.1.3 STABILITY IN SOIL

3.2

3.3

22

No data available
MONITORING DATA (ENVIRONMENT)

Rudolph and Johnen, [16] did more than 200 in situ measurements of ethylene and other selected
Light Atmospheric Hydrocarbons during, a cruise from Puerto Madryn (Argentind) to
Bremerhaven (Germany) in 1987. The measuring locations were remote with low biological
activity in the surrounding ocean areas. The ethylene level, expressed as mixing ratio was in the
range 10-30 ppt (12-35 ng/m3) in the southern hemisphere and in the northern hemisphere a
factor of 2 higher. The observed ethylene levels were primarily a result of oceanic emissions and
the differences were indicated to be caused by changes in oceanic phytoplankton concentration.

The oceanic distribution of ethylene and other low molecular weight (LMW) hydrocarbons has
been studied by Swinnerton and Lamontagne, 1974 [17]. They analyzed 452 water samples from
the open ocean and near shore for LMW hydrocarbons and found a baseline (average) ethylene
of: 4.8 nanoliterg/litre (6.0 ny/l) . Upper values were: Mississippi R. Delta; 35.0 nl/l (44 ng/l)
and Miami dockside; 30.0 nl/l (38 ng/l).

Fuel, coal and gas combustion. Leakage from chemical industry. Rural areas: <1 -5 rrg/m3,
heavy traffic areas: up to 1.0 mg/m®[1, 3].

During burning of wood (white pine) an ethylene concentration of about 50 mi/m? (63 mg/m3
was measured in the smoke [18].

TRANSPORT AND DISTRIBUTION BETWEEN ENVIRONMENTAL
COMPARTMENTS INCLUDING ESTIMATED ENVIRONMENTAL
CONCENTRATIONSAND DISTRIBUTION PATHWAY S

In their study of the dynamics of atmospheric ethylene, Sawada and Totsuka, [5] estimated the
following emissons of ethylene (in 10° t/y):

Natural:

Terrestria 233 (65.8 %)

Aquatic 29 ( 8.2%)
Sum  26.2 (74.0 %)

Anthropogenic:

Fuel oil combustion 15 (4.28 %)

Coal cumbustion 0.42 (1.20 %)

Leakage from Industri 0.03 (0.09 %)

Sppel forbrenning 0.10 (0.29 %)

Biomass burning 7.10 (20.1 %)
Sum  9.19 (26.0 %)

Total Natural + Anthropogenic = 35.4 '10° t/y

Atmospheric depletion of ethylene:

Ethylene reacts with OH radical to form an adduct which in the presence of O, and NO, forms
formaldehyde. The products of reaction of ethylene with O; are mostly CO, CO,, H,O and
CH,0. Some ethylene is also transported into the stratosphere [76]. Using the most recent
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3.3.2

34

35

estimates [75] of the depletion rates (lifetime) of ethylene in the atmosphere due to these
prosesses give:

lifetime (days)
Reaction with OH radical 1.7
Reaction with O4 10
into the stratosphere 1900
tota lifetime in atmosphere 145
Ethylene sinks (removal capacity, 10° tons/y):
Reaction with ‘OH radical 444 (85.4%)
Reaction with O3 7.5 (14.5 %)
Into stratosphere 0.036 (0.07 %)
Sum  52.0

The ethylene transported into the stratosphere will eventualy react with Oz with the production
of a krger molecule, which again may react with NO regenerating Os. ethylene is therefore not
suspected of being a potential ozone depletor.

TRANSPORT

Physical properties of ethylene indicate that it will rapidly move into the atmosphere from any
type of release.

THEORETICAL DISTRIBUTION (FUGACITY CALCULATION)

A fugacity level | calculation, using a six compartment mode! (air, water, soil solids, sedimented
solids, suspended sediments and fish) was conducted using the global reference model of OECD
[19]. Default vaues for the environmental parameters were not changed. Entered generic
parameters were: melting point - 169.15 °C, vapour pressure 4.27 MPa, water solubility 200
g/m3, logioPow 1.13, haf-life in air 56 hours, half-life in water, soil and sediment 672 hours.
This gave the following distribution:

inair 99.99915 %,
in water 8.27:10" %,
in soil solids 9.8810° %
in sedimented solids 2.20 107 %.
in suspended sediments 6.87'10° %
infish 55810 %

This means that for all practical purposes, emitted ethylene is distributed to air only.
IDENTIFICATION OF MAIN MODE OF DEGRADABILITY IN ACTUAL USE

See 3.3

BIODEGRADATION

Also a number of research orientated <udies were designed to examine the
oxidation/hydroxylation and epoxidation of various hydrocarbons by microorganisms isolated
from soil, fresh water systems or other natural systems and pure cultures. Generally, results of

these studies show that ethylene is subject to biodegradation by various microorganisms and that
ethylene oxide and ethylene glycol are most likely initial degradation products [21].

23
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3.8
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4.2

A.

24

Aqueous biodegradation rates have been estimated both for aerobic and anaerobic conditions
[15]:

Aerobic half-life: High: 672 hours
Low: 24 hours

Anaerobic haf life: High: 2688 hours
Low: 96 hours

BODs, COD OR RATIO BODs/COD

No data available

BIOACCUMULATION

Ethylene is not expected to bioaccumulate because of Logg Poy = 1.13.

BCF (Bioconcentration factor) is calculated (QSAR) to be 4 on the basis of the toxic action of
nonpolar molecules in the freshwater fish Fathead minnow (pimephaes promelas), exposure
duration 2.00 - 304 days [22].

ADDITIONAL REMARKS

No data

ECOTOXICOLOGICAL DATA

ACUTE TOXICITY TO FISH

Little is known about the acute toxicity of ethylene to fish, but the "Water Quality Criteria,
California State Water Resources Control Board, 1963" [23] refers to two reports of toxicity of
ethylene to Orange-spotted sunfish from 1917 [24] and 1921 [25]. The findings were the
following:

Lethal conc after 1 hour : 22-25mg/l [24]
Lethal conc after > 1 hour : 22-65mg/l [25]

Calculated (QSAR) values reported in the database Ecotoxicity Profile database [26]:
Fathead minnow (Pimephal es promelas) 4 days LCs, 116 mg/l
Bluegill, (Lepomis macrochirus) 4 daysLCs; 85 mg/l
Channel catfish, (Ictalurus punctatus) 4 daysLCs; 50 mg/l
Rainbow trout, Donaldson trout,

(Onchorhynchus mykiss) 4daysLCs, 55 mg/l

Calculated (QSAR) values reported by Leeuwen et. d. [27]:
Fathead minnow (Pimephales promelas) 4 days LCs, 120 mg/l

ACUTE TOXICITY TO AQUATIC INVERTEBRATES

Daphnia
Calculated (QSAR) value reported in the database Ecotoxicity Profile [26]:
Water flea, (Daphniamagna) 48 hours LCsw 53 mgl/l
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Calculated (QSAR) value according to Leeuwen et. al. [27]:
Daphnid 48 hours LCsx 153 mg/l

Other aquatic organisms
No data available.

TOXICITY TO ALGAE

A growth inhibition test with Selenastrum capricornutum was performed according to OECD
201 and conducted according to GLP guidelinesin 1996 [74]. The 5 nominal test concentrations
in the growth medium ranged from 8.2 to 131 mg/l. During the 72 hr exposure period there was a
loss of ethylene, however the mean measured ethylene concentrations (mean of zero time and 72
h measurement) were used for calculation of growth inhibition. Actual test concentrations (mean)
were therfore: 3.3, 7.8, 13.9, 32 and 58mg/I. Loss of ethylene during the 72 hr incubation period
ranged from 64 to 91 %. EC, for the growth inhibition based on reduction in biomass compared
to control, was calculated to be 40 mg/l (95 % conf. 1im.36-46 mg/l). Based on the specific
growth rate (4 the 0 - 72 hr EC,, was caculated to be 72 mg/l (95 % conf. lim. could not be
calculated due to that the EC,, value was outside the range of the test). The highest NOEC was
13.9 mg/l. The results agree fairly well with QSAR calculation for Selenastrum capricornutum
which gave an EC,, after 48 hour value of 122.5 mg/l [27].

TOXICITY TO BACTERIA

E.coli bacteria were treated with ethylene by passing the gas through a bacterial suspension at
constant rate for 10 minutes. After 24 hours exposure, the suspensions were plated on agar
medium and incubated for 24 hours at 37 €. Survival of colonies from gas treated cells was 79 £
1.3 % of controls. The survival of the E. coli Sd-4 strain after the same treatment was 84.2 1.6
% compared to controls. It was concluded that treatment seemed to have little if any effect on the
survival of both bacteria strains [28].

CHRONIC TOXICITY TO AQUATIC ORGANISMS

CHRONIC TOXICITY TO FISH

Calculated (QSAR) value reported in the database Ecotoxicity Profile [26]:
Fathead minnow, (Pimephal es promelas) 32 days MATC 15.3 mg/|

Calculated (QSAR) value according to Leeuwen et. al. [27]:
Fathead minnow, (Pimephales promelas) 28 days NOEC 13 mg/l

CHRONIC TOXICITY TO AQUATIC INVERTEBRATES
Calculated (QSAR) value according to Leeuwen et. al. [27]:
Daphnia 16 days NOEC 37.4 mg/l
TOXICITY TO TERRESTRIAL ORGANISMS
TOXICITY TO SOIL DWELLING ORGANISMS

No data available
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46.2 TOXICITY TO TERRESTRIAL PLANTS

4.6.3

4.7

4.8

A large and diverse literature exists on the effects of ethylene on vascular plants, including
severa hundred observations of ethylene exposure and effects. Thisis mainly due to the fact that
ethylene acts as a plant hormone, regulating a whole range of different reactions. Most of these
reactions can be categorised as growth regulation and include such effects as defloration,
ripening, inhibition of elongation, leaf loss and senescence [9,11, 29, 30, 31, 32]. While most of
these effects are non reversible, they do not all congtitute effects that reduce a plants fitness nor
growth and reproduction. One may categorise the effects into 3 groups based on assumed long
term effects, where long term effects are associated with reduced fitness, growth or reproduction.
In the table below exotic and tropical plants have been excluded in order to present data that give
amore realistic view of risks associated with exposure in industrial aress.

Summary table of effects of ethylene exposure to vascular plants. Exotic and tropical plants
are not included. Epinasty=leaf curling, Abcission=loss

Effects exposure concentration Ref
time pg m*
1) None or small long term effects:
Epinasty, Lemon 25-50 [77]
Epinasty, tomato 3-4h 46 [9]
Epinasty, Chenopodium 60 [9]
Epinasty, Potato 16 h 60 [9]
2) Effects that may cause long term effects
Inhib growth, sweet pea, (NOEC) 2d 12 [77]
Abscission flower, Carnation 2d 58 [77]
Inhibition of photosynth. Pea (NOEL) 2h 115 [77]
Abscission flower, Snapdragon 1h 575 [33]
3) Long term effects:
Decreased amount flowers, Oats 100d 8 [77]
Growth inhibition, Potato 28d 27 [77]
Yield reduction, Tomato 28d 50 [77]
Growth retardation, Pea 116 [9]
Yield reduction, Garden cress (30 %) 14d 115 [77]
Yield reduction, Cotton 30d 700 [9]

Among the more sensitive agricultural or horticultural crops are peas, potatoes, tomatoes and
oats where retardation effects were observed at concentrations in the range 8-50 rrg/m3 (7-40
ppb) . The most susceptible non-woody plant reported, African marigold reacts with leaf
epinasty (downward curling of leaves at 1.16 rrg/m3 (1.0 ppb) ethylene [9], the Cattleya orchid,
reacts with sepal tissue collapse (loss of flower) at 2.3 gm?' (2.0 ppb) after ethylene exposure for
24 hours [33].

TOXICITY TO OTHER NON MAMMALIAN TERRESTRIAL SPECIES
(INCLUDING AVIAN)

No data

BIOLOGICAL EFFECTSMONITORING (INCLUDING BIOMAGNIFICATION)

No data

BIOTRANSFORMATION AND KINETICSIN ENVIRONMENTAL SPECIES
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4.9

51.

511

51.2

513

514

52

521

522

5.3

54

No data
ADDITIONAL REMARKS

No data

TOXICITY

ACUTE TOXICITY

ACUTE ORAL TOXICITY:

Not relevant. Ethylene is a gas with alow boiling point (-103.71 °C).

ACUTE INHALATION TOXICITY

The acute toxicity of ethylene is low, but very high concentrations may cause asphyxia due to
oxygen displacement. The letha ethylene concentration in air to mice is thus estimated to be

950,000 ppm. [34].

When male rats were exposed to 10, 25 or 57-10° ppm for 4 hours, al groups showed increased
serum pyruvate and liver weight [35]. Non of the studies were GLP.

ACUTE DERMAL TOXICITY

Not relevant. Very little ethylene is likely to be absorbed through the skin because of ethylene's
low solubility in fat and low boiling point.

ACUTE TOXICITY, OTHER ROUTES OF ADMINISTRATION
No information

CORROSIVENESYIRRITATION

SKIN IRRITATION/CORROSION

There is no evidence to suggest that the liquid ethylene gas is irritant, but it might cause frost
injuries.

EYE IRRITATION

There is no evidence to suggest that the liquid ethylene gas is irritant, but it might cause frost
injuries.

SKIN SENSITISATION
No data
REPEATED DOSE TOXICITY

The toxicity of ethylene has been tested in a 90 days inhaation study on 4 exposed and one
control groups of 30 rats (15 males, 15 females) [36]. The animals were exposed 6 hours/day 5
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days/week for 13 weeks. The exposure groups were T-1: 300 ppm, T-11: 1,000 ppm, T-I11: 3,000
ppm and T-1V: 10,000 ppm. The study was not conducted according GLP, but the study held
high scientific standard and a quality assurance statement was issued. There were no differences
between controls and treated rats with respect to total weights, weight change, food consumption,
haematology, clinical chemistry, gross pathology or histopathology. Male rats in the control, T-I
and T-1V groups showed red deposits or red discharge around the nose, whereas the male T-11
had red deposits around the eyes. Amongst the female rats, a red deposit was observed around
left eye of one T-I rat and alopecia around both ears of one T-11 rat. Compared with the controls,
the liver weights in severa groups of exposed rats were significantly lower. There was, however,
no dose response relationship for this weight reduction and the cause was unknown. Ethylene
was not toxic to rats when administered under a stratified regimen of exposure up to 10,000

ppm.

In an explorative non-GLP study, where a group of six male Sprague-Dawley abino rats (50-60
g) were exposed to a continuous flow of 60% ethylene in oxygen as inhalation for 6 days, effects
could be seen on several haematology parameters [37]. There were significant reductions in
thrombocyte count (-19.3%) and leukocyte count (-48.2%). A reduction was also seen in the
bone marrow cellularity (-30%).

During chronic tests on rats (newborn) exposed to a concentration of 2.62 ppm (continuous as
inhalation) for 90 days, a delay in coat appearance, dentition, eye opening and circulation
hypotension, cholinesterase activity inhibition, subordination disruption were reported [38].
There were no information on the quality of the study.

In rats treated by inhalation with a concentration of 100 ppm for 70 days, a change in the reflex
nerve impulses, a decrease of cholinesterase activity and a reduction of the blood pressure were
observed [39]. There were no information on the quality of the study.

GENETIC TOXICITY IN VITRO

Bacterial test

Ethylene at atmospheric concentrations up to 20 % gave no indication of mutagenic potential in
Salmonella typhimurium in the presence or absence of a metabolic activation system (Ames test)
[40]. The study was not conducted according to GLP, and only one (TA 100) of the four
bacterial test strains recommended in the guidelines was tested. Previous testing with the full
range of Salmonella strains in the presence and absence of a metabolic activation system have
also given negative results [41, 42]. Ethylene showed no gentoxic activity in Escherichia coli.
[28].

Non-bacterial in vitro test

The effect of ethylene on chromosomes was tested in an in vitro cytogenetics assay using
duplicate cultures of CHO cells [71]. The methodology in this study complies with GLP and the
OECD Test Guiddine 473, "Genetic Toxicology: In vitro Mammalian Cytogenetic Test".
Treatments covering a broad range of doses, separated by narrow intervals, were performed both
in the absence and presence of metabolic activation (S9) from Aroclor 1254 induced rats. The
highest dose level used, approximately 280.5 mg/ml, was equivalent to a concentration of 10
mM, corresponding to about 25 % of ethylene.

Due to the explosive properties of the test article when mixed with air, it was not possible to
achieve the maximum concentration required by the Regulatory Guidelines using air as carrier
gas. Nitrogen was therefore used as carrier gas, which alowed higher doses to be achieved.
There are, however, technical problems associated with continuous treatment in a nitrogen
atmosphere, and short (3 hour) pulse treatments were the only practical option.
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A preliminary range-finding study was performed to investigate the toxic effects of ethylene on
CHO célls. In this tria, treatment in the absence and presence of S9 lasted for 3 hours only
followed by a 17 hours recovery period prior to harvest (3+17). The dose levels for the main
study were selected by evaluating the effect of ethylene on mitotic index.

The treatment regimes used in the range-finder were repeated in the main study. Chromosomal
aberrations were analyzed at three consecutive dose levels. No mitotic inhibition (reduction in
mitotic index) was observed at the highest concentration chosen for analysis (280.5 ng/ml) in
either the absence or presence of 9.

Appropriate negative (carrier gas) controls were included in the test system in both experiments
under each treatment condition. Untreated controls were aso included in the main study. The
proportion of cells with structural aberrations in the negative and untreated cultures fell within
historical solvent control ranges. 4-Nitroquinoline 1-oxide and cyclophosphamide were employed
as positive controls in the absence and presence of liver SO respectively. Cells receiving these
were sampled in the main study, 20 hours after the start of treatment; both compounds induced
dtatistically significant increases in the proportion of cells with structural aberrations.

Treatment of cultures with ethylene in the absence and presence of S9 resulted in frequencies of
cells with structural aberrations that were similar to, and not significantly different from, those
seen in concurrent negative controls. Frequencies seen in treated cultures fell within the normal
range.

It is concluded that ethylene did not induce chromosome aberrations in cultured Chinese hamster
ovary cells exposed to a concentration of 10 mM (25 %) in the absence and presence of SO.

GENETIC TOXICITY IN VIVO

The effects on micronucleus formation in bone marrow cells of rats and mice have been studied
following ethylene inhalation [43]. Each group consisted of 10 animals of each of the two species
and they were dosed with concentrations of O; 40; 1,000 and 3,000 ppm for 6 hours/ day, 5 days
aweek for 4 weeks. An ethylene oxide control group with both species was exposed using the
same conditions at a concentration of 200 ppm. Bone marrow was collected approximately 24
hours after the final exposure. Ethylene did not produce, statistically significant, exposure related
increases in the frequencies of micronucleated polychromatic erythrocytes in the bone marrow of
either rats or mice, while ethylene oxide exposure resulted in signifcant increases in the
frequencies in both species. It is not stated if the study was conducted according to GLP.

Absorption, distribution, elimination of ethylene and formation of haemoglobin and DNA
adducts were studied in rats after inhalation of 300 ppm ethylene for 12 hours/day for 3
consecutive days [44]. DNA adduct formation was measured in liver and lymphocytes and
haemoglobin adducts determined in erythrocytes. The adduct formation with ethylene was
compared to other alkenes and adduct formation decreased with increasing number of carbon
atoms in the molecule. This was an explorative study not conducted according to GLP.

Alkylation of 7-guanine was measured in DNA from liver spleen and testis of mice 14 hours
after exposure by inhalation of **C-ethylene at an initiadd concentration of 11 ppm for 8 hours
[45]. The degree of akylation was much higher in the liver than in the other tissues. This study
was an explorative non-GLP study.

CARCINOGENICITY
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The potential carcinogenicity of ethylene has been tested in a two years study with rats (Fischer -
344 inbred) [46]. The study was conducted prior to OECD Guiddine 451 for carcinogenicity
testing (1981), but still the study comply with this guideline except for some minor points. In the
study, 960 rats were randomly divided into 4 groups of 120 animals of each sex and exposed 6
hr/day, 5 days/week to O(control); 300; 1,000 and 3,000 ppm for up to 24 months.

During the course of the study there were observations of hair loss, deposits on and around the
nose and eyes and gross eye abnormalities, but there were no obvious differences among the
different treatment groups.

There was an overall increase in the number of animals exhibiting gross tissue masses for the test
groups as compared with the control group, although this trend was not statistically significant.
The spontaneous mortality (15.7 %) was roughly equal in all treated groups. The final body
weights and total weight changes for treated males were higher than those in the control groups,
but no dose-related pattern was seen.

There were no statistically significant differences among any of the treatment groups on any of
the haematology, blood chemistry or other parameters investigated.

No gross or histopathologic tissue changes attributable to the effects of the test materia were
observed in any of the treated rats. The summary reports only few findings which could indicate
any carcinogenic effect of the treatment, but lacks a conclusion at this point.

In a publication from the carcinogenicity study [41], it was concluded that the results provided
"no evidence that ethylene at these concentrations causes chronic toxicity or is oncogenic in
Fischer - 344 rats'. However, this publication and the summary have later been criticised [47]
since they do not discuss the mononuclear cell leukaemia described in the full report. It was
clamed that the number of animals affected (out of 90) rose from 12 and 8 in the male and
female control groupsto 21 and 11, respectively in the groups receiving 3,000 ppm. On the other
hand, it has been stated that mononuclear cell leukemia may occur in F344 rats at a background
incidence > 75 %, and that a further increase in exposed animals is difficult to interpret with
respect to human cancer development.

When the carcinogenic risk of ethylene was evauated by the International Agency for Research
on Cancer (IARC) in 1979 [1], no data were available to the working group on the
carcinogenicity or mutagenicity of the substance in animals and humans. In supplement 7
published in 1987 [48] it is still summarised that no adequate data were available and ethylene is
stated to be not classifiable asto its carcinogenicity to humans. The latest evaluation of ethylene
by the IARC working group (1994) concludes that there is inadequate evidence in humans and in
experimental animals for the carcinogenicity of ethylene [3]. Overall, ethylene was evaluated as
not being classifiable as to its carcinogenicity to humans.

In the Ecotoxicity Profile database it is stated to be no information in the QSAR system which
would suggest that this chemical is a potentia carcinogen or mutagen [26].

In another recent evaluation of ethylene as a cancer risk factor it was concluded that it was a risk
factor of concern [49]. This conclusion was based on the observed metabolism of ethylene to
ethylene oxide, a compound which has been shown to be both mutagenic and carcinogenic. The
linearity hypothesis for dose response relationship can not be applied in this case, since thereisa
saturation of the metabolism of ethylene. The findings from administration of high doses to
animals can thus not be extrapolated to the human exposure level.

The carcinogenic potential of ethylene has aso been reviewed in the BIBRA Bulletin [50]. This
review concludes also on the basis of metabolic production of ethylene oxide that it is timely with
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a detailed reconsideration of the possible carcinogenic risks of inhaling ethylene. The evaluation
also callsfor re-evaluation of the need for a specific industrial limit of ethylene.

TOXICITY TO REPRODUCTION

The potentia effects of ethylene inhalation on male and female rat reproduction and on growth
and development of the offspring has been studied [70]. The experimental study was carried out
according to GLP (OECD Guideline 421; Reproduction/Development Toxicity Screening Test).

Four groups of rats (10 females and 10 males per group) were dosed by head only inhalation for
6 hours daily; air only (control); 200; 1,000 or 5,000 ppm of ethylene (corresponding to 0; 230;
1,150 or 5,750 mg/m3). This dosing regime was calculated to give about 80; 400 and 2,000
mg/kg/day of ethylene for the three dosed groups respectively. Since the uptake from the lungs
most likely isin the range of 5-10 % , the absorbed dose probably was substantially less than the
figures given above.

The test materia was administered to parent animals for two weeks prior to mating, during the
mating period and until the day prior to necropsy for the males (minimum 28 days) and until day
20 of gestation for the females. The females were alowed to litter and rear their offspring to day
4 post-partum, when they and their offspring were killed.

Morbidity, mortdity, clinical condition, weight and food intake were observed throughout the
study, and mating was carefully observed. For each female, litter data and also observations for
each offspring were recorded. At termination of the study, al animas were subject to
macroscopic examination for structural or pathological changes. Ovaries, testes and
epididymides of the control and high dose animals were subject to a histopathologica
examination.

There were no deaths attributable to the test article, and body weight gain was not adversely
affected during the pre-pairing, gestation or lactation periods. The treatment had no effect on
fertility or fecundity and all females became pregnant. Litter size, sex ratio, mean pup weight and
pup growth and clinical condition were not adversely affected by treatment.

Necropsy revedled no macroscopic finding suggestive of toxicity due to test article
administration. There was no evidence of any toxic effect on the testis due to test substance
administration and there were no other microscopic findings suggestive of toxicity due to test
article administration.

In conclusion, head-only administration of ethylene at nominal concentrations of 200; 1,000 or
5,000 ppm was without evidence of toxicity or adverse effects on male and female reproductive
performance, fertility, pregnancy, maternal and suckling behaviour and growth and devel opment
of the offspring from conception to Day 4 post-partum.

DEVELOPMENTAL TOXICITY/TERATOGENICITY

It is referred to the experimental study [70] carried out according to the OECD Guideline 421;
Reproduction/Development Toxicity Screening Test. The study is summarised under point 5.8
above.

OTHER RELEVANT INFORMATION

Specific toxicities (neur otoxicity, immunotoxicity etc.)
No data
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T oxicodynamics, toxico-kinetics

Cowles, A.L. et d [51], studied the uptake and distribution of four inhalation anaesthetics in
dogs. In a series of 21 experiments, 13 large mongrel dogs were ventilated with a constant
concentration of ethylene (14 % = 12 g/m3) and three other inhalation anaesthetics.
Concentrations of the anaesthetic were measured by gas chromatography in alveolar gas, arterial
blood, brain, muscle and central venous blood. The average times necessary for the partia
pressure of ethylene to reach 50 % of the inspired partial pressure (1.4 %) were: alveolar gas,
<2.0 min; arterial blood, <2.0 min; brain, 3.7 min; muscle, 8.2 min and central venous, 5.2 min.

Biotransformation of ethylene to ethylene oxide

Ehrenberg et. al, 1977 [52] showed that “*C-labelled ethylene was metabolized to ethylene oxide
when administered to male CBA mice by inhalation. This metabolism is of significant concern
since ethylene oxide is a potent alkylating agent, a carcinogen and a gentoxicant, and hence more
toxic than ethylene. The amount of epoxide formed was quantitatively determined from the
degree of akylation of cysteine and histidine residues in haemoglobin.

In a later study from the same laboratory [45], it was shown that ethylene oxide alkylated
nucleophilic sites of mouse DNA. Since the ratio between the degree of akylation of DNA and
that of haemoglobin was the same when exposed to ethylene and ethylene oxide, it was concluded
that the latter was the reactive intermediate formed from ethylene in vivo. A comparison of the
degrees of akylation obtained per unit exposure of ethylene oxide and ethylene, showed that at
low levels of ethylene, about 8% of the inhaled amount was metabolized to ethylene oxide. The
rate of ethylene oxidation followed saturation kinetics with increasing ethylene concentration. At
218 ppm ethylene, the oxidation rate was haf of the maximal rate (K, value). It was estimated
that the maximal rate of metabolism (V) Of ethylene corresponds to exposure to an air level of
4 ppm of ethylene oxide.

After exposing rats to automotive engine exhaust, Tihqvist et. a., 1988 [53] identified akylated
amino acids in haemoglobin. These resulted from conversion of about 5-10 % of inhaled ethylene
and propylene to their respective epoxides which again alkylated the nucleophilic sites in
haemoglobin. This quantification of the fraction of ethylene to be oxidised form agreed very well
with the conversion factor of around 8 % found for the mouse in the above mentioned study [45].

Results from Tihgvist and Ehrenberg in 1990, estimate that in humans, some 6 % of inhaled
ethylene in mainstream smoke is converted to ethylene oxide in smokers [54] and some 3 % in
non-smokers [55].

Metabolic conversion of ethylene to ethylene oxide results in the formation of adducts to DNA
and proteins, and this offers a means for identifying ethylene exposure in vivo. Determination of
haemoglobin adducts using the N-alkyl Edman method has proven valuable [53]. This method
has been used for monitoring adduct formation after ethylene exposure from different sources
[49].

Toxicity of ethylene oxide

Ethylene oxide causes doserelated increases in the incidence of gliomas, peritoned
mesotheliomas and mononuclear cell leukemias in F 344 rats and lymphomas and
adenomas/adenocarcinomas of the lung, uterus, harderian gland and mammary gland in B6C3F1
mice (for areview see Walker et. al., 1990 [56]).

Epidemiologic data on ethylene oxide support the anticipation that ethylene oxide is a
carcinogenic agent. When mortality and incidence of cancer in totally 733 workers exposed to
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ethylene oxide were assessed, 8 cases of leukaemia and 6 cases of stomach cancer occurred,
while the expected numbers were 0.8 and 0.65 respectively [57].

In vivo as well as in vitro, ethylene oxide is seen to react both with amino acid residues in
proteins and with the purine bases in DNA. When mouse, human or rat erythrocytes were
exposed to ethylene oxide, the man reaction products with haemoglobin were 2-
hydroxyethylations of cysteines, N-terminal valine, imidazole nitrogens of histidines and
carboxylic groups [58]. The main reaction product after reaction with calf thymus DNA was N-
7-(2-hydroxyethyl) guanine, whereas O-6-(2-hydroxyethyl)guanine was only about 0.5 % of this.
Species differences were also observed, as rat and mouse erythrocytes were more susceptible to
alkylation than the human erythrocytes.

The alkylation of DNA-bases with ethylene oxide has been studied further after exposure of rats
to ethylene oxide by inhaation [59, 56, 60]. The main akylation site both in vivo and in vitro is
the N-7 position in guanine, resulting in 7-(2-hydroxyethyl) guanine, and this modification is
probably the reason for its carcinogenic and mutagenic effects.

The IARC working group evaluated ethylene oxide in 1994 and came to the overal conclusion
that it was carcinogenic to humans [61]. This was mainly based on the evidence for
carcinogenicity from experimental studiesin animals.

Effects of PCB-pre-treatment on ethylene toxicity and biotransfor mation

It has been demonstrated that ethylene, as well as halogenated ethylenes are acute hepatotoxic in
rats pretreated with polychlorinated biphenyl (PCB) [62]. The hepatotoxicity was evident as
increased serum alanine-a-ketoglutarate transaminase (SAKT) and sorbitol dehydrogenase
(SDH) in rats pretreated with PCB and exposed to 20,000 ppm ethylene for 4 hours. Without
pretreatment with PCB, ethylene and halogenated ethylenes are not acute toxic. From these
findings it was suggested that the acute toxicity was mediated through epoxide intermediates
formed by hepatic mixed function oxidases induced by the PCB pre-treatment.

When rats were exposed to ethylene in a closed desiccator jar chamber, the rate of metabolic
elimination of the compound is influenced by pretreatment with PCB (single dose of Aroclor
1254, 500 mg/kg in oil 6 days prior to the experiment) [63]. Biotransformation of ethylene lead
to ethylene oxide which was exhaled.

The effects of PCB pre-treatment and high exposure levels of ethylene, due to induction of
mono-oxygenases and increased formation of ethylene oxide, demonstrates that the toxicity of
ethylene is of concern for organisms also exposed to mono-oxygenase inducers. However, it
should be kept in mind that the concentrations used are far above actual exposure levels.

EXPERIENCE WITH HUMAN EXPOSURE

Ethylene was in general use as an anaesthetic for many years. It has been replaced by more
modern anaesthetics, mostly due to the high explosion risk. Chronic injury in humans resulting
from prolonged and repeated exposure to low concentrations of ethylene (less than 2.5 %) was
not reported in "Patty's Industrial Hygiene and Toxicology (1981)" [11].

Inhalation pharmacokinetics

The inhalation of ethylene was investigated in human volunteers at atmospheric concentrations of
up to 50 ppm. The uptake, exhalation and metabolism could be described by first-order kinetics
[64]. The clearance due to uptake was low, only 5.6 %, while the rest was exhaled without
entering the blood stream. Clearance due to metabolism was 36 % of systemic available ethylene.
The biologica half-life of ethylene was 0.65 hours. The alveolar retention of ethylene at steady
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state was calculated to be 2 %. The low uptake rate of ethylene was considered due to its low
solubility in blood.

Reproduction effects

In apreliminary study, the miscarriage rate (six out of 15 pregnancies) amongst Swedish women
who had worked in the local petrochemical industry was higher than that seen in 1549 women
outside the industry. Ethylene was the main product in four of the five local petrochemical plants.
No data were provided on occupational levels but measurements made in areas surrounding the
plants indicated that ethylene was present in concentrations up to tenfold higher than the other
pollutants (propylene, ethane, propane and phenol) [65].

A brief abstract notes that there was a higher than expected rate of miscarriage and
gyneecological disease among femae operatives of a polyethylene plant who were exposed to
ethylene concentrations in the range of about 40-60 ppm and high levels of noise [66].

Carcinogenicity
A preliminary study found no increase in lung cancer incidence in 31 workers exposed to
ethylene (at unspecified levels) at a US petrochemical factory [67].

A study of workers at an US petrochemical plant found that an increased risk of developing brain
cancer was associated with exposure to (unspecified levels of) a number of chemicals including
ethylene. However, the investigators were unconvinced that the association reflected a casua
relationship [68].

Work Place Exposure

Personal and stationary monitoring of ethylene in a company where this gas was used for
controlling the ripening of bananas showed air concentrations to be in the range of 0.02-3.35
ppm (0.02 - 3.85 mg/m3), with an estimated average concentration of 0.3 ppm (0.35 mg/m3). Ina
study on exposure of fire-fighters, samples taken during the "knockdown" phase of afire showed
a concentration of 46 ppm (53 mg/m3) ethylene, while none was detected during the "overhaul”
phase [3]

A study was carried out among workers at a Swedish petrochemical plant using measurements of
haemoglobin adducts formed from ethylene oxide for monitoring of ethylene exposure [69]. The
study was carried out in two parts, part one in 1989 and part two in 1993. Eight workers
exposed to high levels of ethylene ( 4 mg/m3) and 3 workers exposed to low levels (0.1 -0.3
mg/m3) were compared to nine controls exposed to 0.01 mg/m3. All exposed workers showed
elevated levels of haemoglobin adducts and adduct formation was dose-related. The results
indicated that about 1 % of the inhaled ethylene was metabolized to ethylene oxide.

The second part of the study, which included four workers, was designed to more accurately
determine the exposure levels, which turned out to have a mean of 4.5 mg/m3. The results
confirmed part one, showing that about 1 % of inhaled ethylene was metabolized to ethylene
oxide and the maximum fraction to be converted was estimated to be 4 %.

The pesk level of ethylene reported for human exposure is about 50 ppm ( 57.5 mg/m3 ), while
35ppm (4.0 mg/m3 ) has been characterized as a high average level for longer term exposure.
The conversion will then correspond to maximum 2 ppm (3.6 mg/m3) of ethylene oxide for the
peak level and to maximum 0.14 ppm (0.25 mg/m3) for the high averaged level. Given
occupational exposure limit levels for ethylene oxide (time-weighted averages) are 1.8 mg/m3
(Denmark, Japan, USA, Norway) and 2.0 mg/m3 (France, Canada, Sweden) [3].
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C. Name of responder:
Noretyl ANS,
Petrochemical division,
Norsk Hydro ANS,
N-0240 Oslo
NORWAY

1.1 — B EER
A BEDORA T G, RILKE
B. MR ( 20°C. 1.013hPalzd\\T): &K



C. HfipE:
1) EHEE: > 99.9 %
2) PAERTRLEE @ 49 99.9 %

1.2 AEHE

Ethene, acetene, bicarburetted hydrogen, olefiant gas, elayl.

1. 37
Paa—ur M (ppm range) |
Methane + ethane (50-200), propylene and heavier (7-200), C02 (2.2-50),
H2 (0. 1-10), 02 (0.6-10), acetylene (1.4-10), total sulphur (1-10), water (0. 6-20)
and CO (0.15-10) [3].

1.4 FHm#A
HMONTWRWD

1.5 $E=E
£Ef#1, 000,000 kLl
19964 DA [2]:
J V7 = —: 405,000 k>
5% 83,000,000 k>

1.6 ‘REHE
EEC: Fx, R12 (FEWIZHRIAME).
S 2 (F-EHDFDJ@MIRWGHT.
S 9 (L <R SNT-HATICA S TR
S 16 (FEAIEHHEEL Tl < —2ESE)
S 33 (MESMBICATLTTHRE L D)

Norway: F, R13 GEHIZA[BAMEDHREA AT R)

S 9-16-33

IARC & / 77 7 Volume 60, (1994)I2X%:

Ethylene: N3 2 FHEIEME I ITHF I TR, [3].

1.7 F&
TF L UL, AP OREHETHMELE LTEESRLTWS, BIfE, =F L o0



T D REZEEFEDIBWNLL I IMDRILKFZED AT — LT T v % o 7 (BEAEK AR
KWE) I2koTun5[4],

KE, WK, BLOHATHEE ST L Of80%IXE(boF L, k=
FLo REE, ESEREEE, BIOEHBERY =F L OAFEIZER S TH
5o Fim, DROVOEIX, = FAXRLEL Tra—, AL T4, TERT
NT e R BIXOE=ATET— MAELDIERHESN TS, Zhb608EDOKR
EEEBITT 40, REH L, S, Mita—T 470, r—7 1
Mok CPVC2 EOBILIZINT. S5, D EDSHEEDO T A REORK & 4D
e L Ulricfil ST s,

A —%
FIFAFRE HTFIY —
a) T PR ICB T 25 H
PE¥E LT3 . ARICHIA
FIH JFA R
by =+ Sy H IR
PEFE =3 S
FIH RFIEARKAIE LT
B. {HEZEMITHS
FHILTNR
1.8 B FoRERRA
PIRIBFUTIZ & A EOETHE SN TWARW, A A A TIREMINEYEEIC L D
itk 2E AO BRI AL % 11 500mg/m® & il L 7=,
1.9 BRFEIR

TF LV UATHRBIOATZRAERE LTREFO L ZICTHLH D, E-5%4E
X2 TO X A TOREW IS D BRDOEYTH H[5],

T NBPREAETUI T A, A, AR, BEONAS A~ 2AOBREEIC X D, ANloxt
TEHZT L DR KOBEZEITABEIC L 2B OBREEZ B L TEBXHNT
W5, HEK o F L o PEHEIT18-45.10° tly TH Y . D HFITA%IE FARTE. 26%
IXAZBRF AR D STV D ERFED DTV 5, ATHOBREED D OHEH
(3154 10°ty [l & HEE SN D, (LFHEETEEINLTHEIN DS =T L UL,



PASHS A7 AR TV CTR Y . s, AEMRIT=F L o2 e e LT
LTV THICEEL TWD, ZORR, EEND DT F L ORI I HIE
TERWREMMERIZE DD TH D, DX ) R RFIIFEM2EL Frox
F L UBEEICOE —EOEETEE, 1 b OE#EKRHOER L 250
7200,

1.10 BINOYFEEEE

A GITRTEE S a v
BEH

B. ZOMOBEE
T—H L

2. YEZET—X
21 BhR
-169.15 °C [4]

2.2 WA
-103.71 °C [4]

2.3 BE
d=0.57g/cms  IEST [4].
2@ STP 1.2603 g/l [4].
KL 0.9686 [4].

He

24 ZKRE
427MPa at 0°CI[4].

25 ﬁﬁﬂ{%ﬁloglopow
Logio Pow=1.13 (calculated) [6].

2.6 KM
A BFRE

ANT AT 7 AZEDE,"OCITBWTZF L U AL AEEDOKIZIEET D"
[7]. 25°CTIX 9 RFEDKIZIET 5. [8].
RMREE @ 131 mg/l  20°C  [9]

200 mg/l 15°C [10].



B. K&EA A% pH 1, Fefipit© % pKa 1l
BhisT — 2L, WLz F Lo EkEDOBORIGEE L UpHAE > TE{L L
RN & BRI A ALFRIREIL X 72,

2.7 BlkR
-136.11 °C [11].

2.8 BHRFEXME
H SR KIREE © 543°C [7].
JUKIREE ¢ 425-527°C [4].

29 FlktE
SR — IR b T .

2.10 1RFEME
BRI DBFERA : (0.1 MPaand 204C) [4] :
T IRIEF RS (LEL): 2.75 vol %
b BRIEFE BRI (UEL): 28.6 vol %

2.11 B bERE
I L

2.12 1L : BTEN

E L

213 BT —#

A TE B EKE OB OLSESRE  (Kd).
1 A L

B. ZoftorT—%
ZERPOTF LT HEESR ¢
1 ppm inair = 1.15 mg/ms = 912 nl/l [1,4]

R BME:
BEUWO TR @ 299 mg/ms



o ER : 4600 mg/ms [12]

BREHE AR KL UL

3.1 ZEME
3.11 EZRHPEEN

HRB LOALREORLRT =T Lo OEMITIRA & FEIC X > T19864E I HEE
ENT2[5], 89%IFREICBWTOHT P AL E RIS LT, 8 %lxA Y v & DRIG
X o THEE SN IR LT, 750 © 3 %IFpEEIE TN, =F L
CORKFOFMT2~4 B EHEE ST,

BIRRH & LA o % AT RIS & 2 MR 23 F TR, 9.4 MO %@ T
HoT-, OHT U Z AW 5E132.78 L EH S iz, LLF O FF v i<Howard, P.H.
5D (1991) [15] BREEMDER AN KT v 71285 DTH D,

FF A
ZEX [ 3.36H
{iS 0.37H

ZHUTOH E A ikt UL CHIE ST iRz ST 5,
#, LAtkinson, R. (1996) [75]iC & 2 K& H O HILEWI w3 2 3HE FIEDMEH &
5725, LFORMDENBD HND,

FAm

ZEE HIZ w9~ % RO 1.7H
AT D BUG 10H

h g BB~ D B & 1900 H

RJEE~DTF L ~OBENICO &R U ERET IUE, IPPC (1995) [76]D J7ikIZ
KoTHETZ 5,

3.1.2 KHFIZBIT B EENHE

HEh7e T — 213720,

3.1.3 TEhIZRITIRENE

BRI T — 213720,

32 EB#HT—F (BREH)

Rudolph and Johnen, [16] i, 19874FIZ /= /L h «+ = KU (T LB F )L 7 L



—w == (KA ) ETOHEFIZ, 20008 EOLFT T Lo L Z DR
RENTZ KK RAEAKFER Y ZHE LT, WESFTIREZI ISR D 70 i
WK CH o7, IRAEETERINTZZT LoD LU ¥-EK T1%10-30 ppt
(12-35 ng/m3) DFEFHCTH V) | ALER Tl 2 TH - 72, Bl ST L ol E
ELTERMORERTH Y . RENTEITFEMERY 77 7 N OEE D
DEIT L > THIERZ STV,

TF L L ZDMDIERSFRIEAKFE (LMW) OREICI T 5 4347 1L Swinnerton
and Lamontagne, 1974 [17] (2 X » TSIz, % iLﬁ?k L RN 54520
WKW TN DAR G FIRALKFEZ T L. =F L o OFRY 72 B E134.8
nanoliters/litre (6.0 pg/l) T 5 Z L ZF R L7z, mWHOMEIZ, I ¥ v EDR..
Delta?>35.0 nl/l (44 pg/B L ~A 7 I @ K v 7o #1350>30.0 nl/l (38 pug/l) TH

277,

WREE, AR, TAOBEE, LFREEND O, BT <1-5pg/ms, RiAREDOZE
VNHiE : 1.0 mg/ms & T[L, 3]

B () KOO F122 55950 mi/ms (63 mg/ms) DOIEE DT L > H3GEf
W37z,

33 HEREBREZSUDREXEMOBE L HMB L OO MRE
RHEEFZEBIC XL D KT OF Lo oBREICET 228 TlE, UFD Xk H Az
F L (in10stly) OPEHAHEE ST,

EEZNE

= 23.3 (65.8%)

K 2.9 (8.2%)
) 26.2 (74.0%)

N2y -

RN 1.5 (4.28%)

PR IRIGE 0.42 (1.20%)

T B DOiRH 0.03 (0.09%)

BEAH) 0.10 (0.29%)

(k= 7.10 (20.1%)
) 9.19 (26.0%)



DTREEH BR+AH=354%106tly

TTF L ORI DR

TF LV AIOHT PNV E RS LT R & ERBIEMDR bIUL 7 + VAT VT
REFERT DR EED, = F Lo &Y VORISR X DEMTIEE A E—EE
biRFE., “BIbRE,. KBXOT7 4V AT LT RTHH[76], WL HNDOEDT
FLEREE~bBE L T\ D, BloHEEIC K 2 RRFTO=F Lo Dl R
(FHM) U TFormtxnk 5 Ths,

Fan (H)

OHZ I & D 1.7
L ORR 10
P JeE 1900
KEFIZBT 5 G5t FHm 1.45
TF L (BB &, 10stonsly)
OHZ ¥ 1v & DI 44.4 (85.4%)
A DR 7.5 (14.5%)
S JeE i~ 0.036 (0.07)

Gl 52.0

B E A~ BT D = F L s iAo & UGS L Ckriigery &2 FEA L, T
SOV ER LS L TAHY v 2HATH0L LR VWO T, =F L ix
BTIEM oA v OdESE & L CTidEEb i,

3.3.1 B
TF LU OWFRIMEEIL, FAREARI A TOMBKRICB N TH KRG PIz2EIC
BE#ITATHAYI Z a2 L TWA,

3.3.2 HFRMLES GKERESE)
6 XMEE T/ (Z2R, K, IR, b, il X O & L 7= kit
REL UL 1 OFEN, OECDO R 72BEET V& T Thi7-[19], BREEE
BELTOT 740 MEREZ NIRRTz, ATTENTE IR ZEBITLL T O
WY ThDH: @ls—169.15C. FRKFEIT4.27 A T8 A T )b K A~DEEFENEIL2009/m3,
BRI DloglOPOWIT1.13, ZE5H D HIs6I . Ak, [EfA 138, ThE T
DN HIL6T2F I TH -T2y DO LI T OB E 5 2 7= -



ZE 99.99915 %,

piGE 8.27.10-4 %,
[l {4 - 9.88.10-6%
P e 2.20.10-7%.
BTN 6.87.109%
bl 5.58.10-10%

ZOZLF, TATOEMNZBMICENT, IS eaF L dzgxhizyg
B ESND Z L aERL TN D,

3.4 EEOFEHTOLREDE 22— FOFRA

33& &M

35 A53iE

3.6

3.7

1% < OBE LI-fiENIEIT, HHEORACR 7232 Do B ARROMEE R 7
SOTHESNTEMIC L D BRx RPALKF DL, & F o L UHbROS & =R
FUERAD LD ICHRFF STV, RIS, T B DOIROMRIL, =F
L AIERA RIEM TN R EZ T 5 Z LD o0 R L TERY | BT L
vExF Lo 7Y a =)V S AR O REY T & S [21],

KOBAEW I IRERE T, AR EBEIEON FORETRED ST\ 5[15] :
AW 0 = 672 B[]

X 24 FHE[E
MRS . & 2688 ¢
X 96 ML

BODs, COD % 721X BODs/CODL:
BNEDT — Z L7200,

Y ETEME

TF L iELogoPow= 1.13TdH 5 7= O EME M IR S Tz,

BCF (ZEWiRffRt) 13Kk Ea~ 7~ b~y K- I/ 7 (pimephales promelas)iZ 35
W TRy T O FEMEAERIC IS & 41272 D X 9 IR & 172 (QSAR : & Bk
TEVEFARE). £ R 2.00— 304 H T & - 72[22].,

_10_



3.8 BNkt EE
L

. AEREET—X
4.1 FBEA~DOZMEFE

FHICKT A2 F Lo D2MFEMEICOWTIEHLE V6N Ty, LA, 1963
FD DY) 7 NV=T HKERE B OKEFLAER3] 1T, ALV VAR YT 4 K-
Yo7 4y 2 IKT DT L OB OV T D191 7T4[24] & 19214[25]D —>

DWEESR LTS, IERBRIFIKRDOLS THS -
1 Rl O BHEIREE - 22 - 25 mg/l [24]
1 RFLL_ O BIEHRE . 22 - 65 mg/l [25]

Ecotoxicity Profile database [26] TEt5ALE (QSAR : & ®mAUHEIETEMHAHRE) 23 HiE S

e,
Fathead minnow (Pimephales promelas) 4 days LCsx116 mg/I
Bluegill, (Lepomis macrochirus) 4 days LCs85 mg/I
Channel catfish, (Ictalurus punctatus) 4 days LCs50 mg/I
Rainbow trout, Donaldson trout,
(Onchorhynchus mykiss) 4 days LCs55 mg/I

Leeuwen [27] 512 & » TEEME (QSAR : EEAEEIEIEFER) NG Sn-
Fathead minnow (Pimephales promelas) 4 days LCs 120 mg/I

42 KEEFTHBEMICET D aEEE
IVva
Ecotoxicity Profile [26]7DF — # _— 2 TEHEE(QSAR) 2N S 7z,
Water flea, (Daphnia magna) 48 hours LCs53 mg/I
Leeuwen 5 [27]i2 L D rFEEIT
Daphnid 48 hours LCs153 mg/I

B. ZofhokAE4AY
BT — & 13,

43 BRI L8N
Selenastrum capricornutum 2 %9 % A4 & PHE R 7319964 (ZOECD2011C Xk %

GLP(E BRFBRFTEAE)D T A KT A - CTHEfi S 7-[74], 8.2 725131 mg/l.

_11_



DD 5 DO ERENEERILIZBWNTT A 3Lz, 72RO FIc=F 1
YOERITH ST OO, JWE SN =T L URE (0 & 728 ORIEE D
) . ARAEFEORREICHW O, £ FEEEORBERIREIX3.3,7.8, 13.9,
32 and 58mg/l. TH -7z, HEEWIR OT2REH DM O = F L o O KRIEL64~91% D i
FCTHoT, xR E i U7z AR EORNTEES < ARFEIC R 2 PG 2
(ECs) 1340 mg/l (95 % conf. 1im.36-46 mg/l) T A 5 L FH &hiz, FkfH DOkE
RITHANT, -T2 DECs1 72 mo/l & 515 X417z (95 % conf. lim. /1 ZECs2 ik
B U 7- AN Th o 7o o OICE TE e o72) o e bVNOEC (MERSELRT)
1Z13.9 Mg/l TH - 7=, ZDFERIX. QSARIZ & 5 Selenastrum capricornutumiZxf L T
15 5 N 72481 [H11% DECs, : 122.5 mg/l [27] & 7372 B —#& L 7=,

4.4 HEICxT5FHEME
X7 T T BRI O T A 1053 ] — 8 O TH A & iliE S 500 5T, Ecoli
MBS 2 JLER U 7o, 24RF[ DU, TREIRI T RS I AT S C24RF[#]37°C
THEFRIN, AU SRS O a0 =—OEFRITHEOT7I+1.3% T
BT, [FIEROAER %A 52 1T 72E. colidd SA-44k D AAFHU IR & ik L T84.2 + 1.6%
Tholz, FONERIIE T OMBEKDETFITM O NOFEND 72 & LT HERK
Thd L HIBbn LS niz[2el,

45 KAEEHT HBMEENE
451 FERITHT D18t ENE
Ecotoxicity Profile [26]7DF — # _X— 2 |[ZHEE (QSAR) N SHh T\ 5,
77 v h~v K+ 3 /7 (Pimephales promelas) (23517 532 H D KiFA
mERE (MATC) 13153 mg/lITH %,
Leeuwen et. al. [27]iC L 2 5 EME (QSAR) 1%
77w b~v K+ /v (Pimephales promelas) (Z331) %28 H [t M5 L
(NOEC) %13 mg/l,

452 KAEBFHEBIYIZT D BN
Leeuwen et. al. [27]1C & 5 HEE(QSAR)
IV AT L6 HHOMEEEE (NOEC) (X 37.4mg/l

4.6 PEAAYIZHR HEHEEM

4.6.1 HBEAYIZXT D BMEFNE
F— AL

_12_



4.6.2 BRAREMZXT DB
TF L DR L EEICOWTHEOBIEMERZE T, TR ~D=F L
DEBIZONWTEH D2 DR oD, ZiUuIEE L T=FLUn, BERDK
JEOEPFHO R ETET DM AELEL E LTERAL TS LWV ) HEIZLES
IS DORIEDORES L, 8, A, iEOIH, FEOHEK & il bo X 5 72
R Z G ERE E LT TH 2 &N TX 59,11, 29, 30, 31, 32], L6 D%h
ROFEANETHEMHTHL ., MYWOER EBHOBEEMEEZWT 5 L 5 7
WELZ R BIL IR, ZORBITEEGM, AR EITEFE ORI EEE L T
WHEHIMOMBLEESND Z LICES 37— EEN5 0 b Ll
VY, PEEHITTIZRT DIREEICREE L 72 fERMEIZ OV T o X 0 BISERN e Bl 2 5 %
TWABBEDT —ZIZH-> T, LLFORTIIBEEDIIRI TV D,

HEE A ~D = F L IR ORROBER, BVEmIIE £ THRYY,
bR (Epinasty) =#E%E, Z+'EBidE (Abcission) =FK

A R 5 IR ] REug m’ Z
1) RHIMOFENE L E7213d

FRAERE VTV 25-50 [77]
FRAR, b=k 3-4h 46 [9]
HMRAER, 7 VR 60 [9]
HRAEE, Ty 16 h 60 [9]

2) RHIFOREIZ L 500b LILVRWR

AEMH, A — hE—, (NOEC) 2d 12 [77]
ORI, I1—x—ar 2 58 [77]
WARRDOEE. = K (NOEL) 2h 115 [77]
EOER Sy XN, Fo¥Xa v 1h 575 [33]

3) EHIM oRE:

{EDEDRA, =Ry 100d 8 [77]
ARIE, Uy A E 28d 27 [77]
A, b= bk 28d 50 [77]
FRIBIE, = RY 116 [9]
IWNERA, ava Yy (30%) 14d 115 [77]
WA, U H 30d 700 [9]

BEFFIIREEYOTTCIE U Ry, Py A4, b~ FBLOZ "I 0N K

_13_



DIZPETEH Y | 8-50 pg/ma (7-40ppb) DHIPH DL 12 BV TIEER BB S h
oo MOEEBINSTWIERKEMN T 7V 1« =) —a—/V ROZED LFAE
FROS (116 pug/ms (1.0 pph) D=5 L o T R X OFEEEQ]. b LIkt L C24
R D= F L U BREFE#£122.3 pg/ms (2.0 ppb)IZ B W TH 7 F OMfkEREE (TEDHER)
DEUSH i STz,

4.6.3 "HILEMD LIS D Z DDA ICKT D EME (BEE2ET)
F—

47 EYFHERBOE=F Y S (EYEEEET)
T—K L

48 BRERICBITAIBRANELLE N
T AL

49 BINOKLEIE

T—AEL
5. =it
51. =fEmEtE

51.1 2R O =
BRI 720, = F L AL SO A TH D (-103.71 1)

5.1.2 SR AZEME
TF L OAVEFRMEITR S, RIS E W ERE TSRS ERIC L AT &
T LIV, RAIIHKT D2 OBy =F L IREEIX95 T ppm T hH
B EHEE STV B[34],
HEDZ v k% 4 W10, 25 or 57-10° ppmICIRFE L 72, £ TO 7 L —7 i H o
ENE VA A ERFIRO EEIEINA R LT-, GLP (R BRATALYE) (CHEMLL
ToWFZEI X 72 o T2,

5.1.3 AR EMNE

BRI, = F L U DREIHIZ i D ARWARRYE LR Wb S D720, =F L v
TEEAZBL TRIRENA Z ERIFEAFENE Bbils,

_14_



514

5.2

521

522

53

54

BEOMDONL— MBI 3 aMtEE
VAR

R/ T

SRS/

== T L BB B T & AR DAL, WA SRS T
H LIV,

BRI
k== L DI T = & R DAL, A SRS T
H LAV,

B RE A
— S

g5 #= M
TTF LD 4 X OB & AR X5y L= Z 43088 (1415, HE15)
@iyFﬁ’OWT%HW@%Aﬁ%TTXFéhtB%XX:k%ﬁ—H6ﬁ
fH. W25 HECI3HEOMREE S iz, BgEE 7 /L — 7 1XT-1: 300 ppm, T-11: 1,000
ppm, T-111: 3,000ppm 35 LT T-1V: 10,000 ppm. TdH - 7=, #FZEILG L PIZHEML L T
(X2 723, mOBMER RS 2 AR L, S0 & IRAET D B ENRIT SN,
BB L FL S N To R XX ORI, EE, KREZ, SREEE. LikF,
ERIRAL S ARG O BR . F 7o IR BB L GEVWR L Zeh o T, AL
T-l BEO T-IVRLELZ NV —TF Dl X T EDE VISR EW £ 72138
R, —H, Tl ZA—7OER X IZIROBE VIR EM D -T2,
DOHFRT—EADT-1 DR OEFITARWIE YD, —BHAOT-1 O H o & P i E 23
RO BT, R E i U CIRELIL DK SO 7V — T I B W CAIRE &N A
BIR o7z, L LR s, ZoOEERDIIESE S & OBRFRNELS . ZDOJRA
iﬂﬁf&@oto TF L iﬁxﬁk“éﬁ (2 HE S U7 R CI10,000ppmE Tidop A 2
WMo T,

RATHI 72 IEGLPHFZE Tlt. 6PED K Sprague - Dawleys2 7 /L v/ - 5+ | (50-60g)
R6 HEL. AR E L CEEZERIZ60% DT L Oils 7 o —|ZIRE XL 7L

FIZBNT, WL OMDMIRF T A X THBLRDHZENTE [37]. KERkD
$5(-19.3%) & A MLERI(-48.2%) DA B /2D D b - 7o, BB IV T H R Ui
A(-30%) 23 AL ATz,

_15_



T v MTOWT0H [#2.62ppm D 2 T D IRFE GEf W AN) L 7= 18 MEER iz,
FKEOFRIE, wHPRE, BRIRE KMt =2V =27 7 —BiEMHEE. 1ERoH
DA ST2[38], Z DAFEDEICET DI HRIT /e,

PR EE100ppm T70 H R O NALER 7z 3¢ X X Tl KSR AITIC B 1T 2 &A1k,
n)/Ix?i—?@ﬁ®ﬂ& B EOMEDWD D BIEE L 72[39], Z OWF3ED
BEIZBET D IEHIT R0,

INVITRO Ef=zEME

A B ERER

20% £ TOZERHFIREDOTF LA, RAIF 7 AHE (Salmonella typhimurium)
WKL T AREHE ML ORI X OMERINGD o A7 A (— 5 ZAFRER) 1230 TR
ZERMED IR 2 R S22 v o 72[40], BFZEIXG L PICHE» TIThbh TR LT, A ¥
Y ATHER STV DU 5 O— ORI HEEAER(TA 100) L2>T A R ZALTNDRLY,

PILER T HORFEPAIZ DOV TRENEMEL > 2T A 2 RIS X OEIRINO LLET o
FARNTHORHIT 4 TOFERENMEHLNTND[4L,42], =F Loy 2V XT )R
KIGE BB FREOIEN 2 2 R E ek - 72[28],

lin vitro TOFEHIERER

Petaff~DTF Lo OFEN, CHOMIEOERE R A2 AW TA v~ OHifaE
BRI TR SN, ZOMEICEBIT 5 HEMmIZIGL P £ OE CDOMERY
A K7 A 2473 “Binmtt . 4 8 b o OASEEETFHIRER 2> Tn5b, IR
iR G B2 D N—FT DROER T DR, 7y MOEAINT
Aroclor1254(Z X 2 REHETEAL(S9) D AN X OMEFRIN O [ F 1238\ T 5EhE S 47,
i L7z T b @ Lob o F 58 (59280.5mg/ml) i, 10mM O IZ[F% CTH
D, =F L DOHI25%IC—EH L T\ 5D

ZERNIRE TR OB DIEFMED T DI, EHT R & L TEREHEMNT 2 8E
ﬁ4k74/kiof\M%ﬁﬁm%&%éﬁfé_kim%@#otoLkﬂ
ST, BEGEOERETRTHERPMET AL LTER S, L LR
5. BHRRRUTITE G2 BEE L T2 HRORER B 0 | BB HI(BEER) o
RLERIME— D FEF 728 IR Th o 72,

CHOMilg~D = F L > OB RZ T~ 5 720 OFiPH 2 Lo 2 TR T

Nz, ZOFITITEBWT, fEREZIND 2 RNZITRE O RIER 23 fE > TD I, S9D
TNk X OERILEE )N 3 BEfke T bz, B2 AZEIcB T ARG E L~

_16_



5.6

SEEBIZ L D= F L U O BRI L - T, BiRShi,

FEEERE (range-finder) i U 72 AUEE TR 172 DRI VT D IR & vz,
Yeta RO EF X3 oD Lo G E L~V Tt SivE Lis, b i
RO FE(280.5 pg/mIZBW T SOZ ML TH L7 < TH  Mifa /R o fHE (43
SR OWY) 1TBEI N o, Fo. BB O REIT RIS £
TWE L7,

W22 2T ¢ 7 (e R) 3> b — LR 2N OALHELREE Tl 7 0 FEERIC
BIFDHTAN - AT ATEENTWe, XAT 7 LD 51T D%
S 70 B A S R OFIA X, BERNREEIC X2y he— L oo FIic
& 7=, 4-Nitroquinoline 1-oxidet 7 1 7 4 A7 7 X RNZ N ENIFIRS9A U
BLOERMOBGEBHE & L bz, 2D &2 DM, L7225
TRLERBAAG D205 ITHI I S AL, M OAY & S HEEICEE O & 5 HilE D E|
AP HBEREMAZ S Z i LT,

SODUINE LA CTO T L 2 0E 9 B T, #EICEE 0L Do
BEIZRIC L D ThHoTomd, BEEFRICHE-S TRONTZZN EITARERE N T/
Mo To, ALERERHC R O - B X IEH O#FENICH - 72,

S 9 DIFME LOCERMO VT THI10 MM (25 %) DIEEICIRGZE SN F v A =
— R e NLAAZ—DOIIRMIEOREEICB N T, =T LU TRaRREE 25 &2
7 E R I NI,

INVIVO BiREME

T v h &~ U ZAOFEMIRICI T D/ IMETE A~ DD IRD=F L RN THE
JEINT2[43], DAEZNENIEDEM DAL DK 7 —71F, —H 6 K, ¥
(25 H T4 O HIRIZ0; 40; 1,000 and 3,000 ppm D FE A3 ¥ 5- S iz, mifE D
fb=F Lo BRREDS . [ U4eFC200ppm i fE TR Siv7-, ‘BT itk DRz
DFRAFFRBICED N, =F L AIELHDOR R I OFHIZE O CIREICE
% LTe/IME 29 5 2 YR MER D BEEE ORI B 2RI & FEA [ & 72> o
oo —H. BIE=TF LU OBRERITHE L QICHREREINThH -T2, EOMENG
L PIZHE» THEE SHfzm E 9 mEital ST,

TFLUOWIN, SR, BEL . ~ /o LB LODNAOMIKADOTREN . —

H12/5[# > 3 Hdfe L 72300ppmD =F L DR A D% D T vk THHFE S 4172 [44].
DNAFHIMADIERUTITIE & U > SERTHI S 7, ~F 27 1 B AR R L ER O F1

_17_



5.7

THIESNTZ, =F L AT X BIME IO 7 v 7 AE(CEfS G %2 —off
REAFNE NG IRALAKSR)) & el S 3L, FIIMATE R DA 1357 1 D R R D E )
W+ 52 L Thnsd, ZOMRIZG L POEEHI L &2 WRITH A% Th -
7=,

1— 77 =07 R0, 8 R ORI N 1lppmTH 5 & & D14C-=F L
(Z1ARFIR AR TR S E 72~ T A DO, Mg & ZAL0 5 ODNATHIE S 7z,
7»#»%@Eéwim®mﬁiwiéﬁ_HMT@ﬁoto_@ﬁ% IRITHY

72 JEGLPAFSETH o 7=,

B0 A

TF LU DOETE 5T T » b (Fischer -34453) % W28 OBFZE CTT A
&7z, IR O =D DOECD A K7 A »451(1981)I12572 > Tt
NN, ZNTH, FRIIWV L ODD/NEREEBRWT IO A T4 -
TWo, BFFETIL, 960IED T » )b HEIEZIZ 551 ?%ﬂf:%%%ﬂ%hlZO@@
4 7 V—"77)5 0(%FHR); 300; 1,000 ,3,000 ppm (2 1 H 6 F¢ffl, # 5 HRH. 24 AR
U blzhzo CTIiEgE I N,

FEWRIT IRITELE L BHOEY O TEY, IR 72RO R 5 N BIER =03,
B2 BT N—T ORIk =1L 2o T2,

KT N—T L HARTT A N T N—TITHEBIERZ R LTV DR X OBDOBRE
72BN o o T2 T E . T OMAIEIFEIC A B TR o7z, BIRETHE
(15.7%) 1T T X T DM 7 )V —TF TIRTHE Lo 7o, LB ST BED Ry 7o R
EREEOEBITHB I V=TI b REDSTD, BEEICBEE L\ F—
TR BN T,

MR, ML L OMMOFHE L7237 A X2 O W80V T HALE 7 L
— NSRRI A BT otz T A MEIORITER T2 KE07R, F
ISR B RO Z L b IR E N2 T v FoWnWThIc b o ieholz,
BB X B RN AR E R T N TELHANIEADODTNTHD &
WE L., ZOBIZONTORERITR V.,

TR ANEDIFIED D DFR[ALTIL, FERD TZTNHOREICE T H=F L )N E
MOFEA B X 24, F7-IZFischer-344 v MIXF L TRV/AKFTH S &
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5.8

WO REILZ 2V L ORERZH L TR D72, LI LR b, | LA EESR
72 VAR — RO T S TO 2 MR A SISV T L TV RO T, %
TZORFEMEITHFES N [4T], HEEZZ T XX I 0D (LD 5 H) %t
TR 7 N—7"ClrIEmn12DE, MEAS 8 PL72 DT H~~T3,000 ppm% 2} 7= 7/ V—7"T%
NEN2LE UL ER 5TV D EFIRINLTUW e, 5Tk, e LTF3447
v N CITEESMIE A B R T5% L EORAERNHL06 LvT, BEINT-X X
SICBITLERDHEIMMI AR ONAFEICE L THIRT 20088 L iR 5
TW5,

TF L DREN AN R 7 DI9TIFICFHERD AFFERBI(JARC)IZ L - TRHI S
7ZHE[1]. B & ARNCEB T 2WE ORNAMEETITEREFZ RO T —F L 7T
— NI DT —Z WAL IR o T, 198THEIT/AE SV T [48] Tlif >
F R T =2 IFRNEERNINATEBY, T F LN AMICE > TEBAMETH D
EVHETERVWERREN TV, IARCY —F 7 7L —T7 19942 kb =F L
VDR OFIIL. =F Lo DREN AT OV T AR & EBREN) TIE 14 22 FEHL
M7 ERERR LTZ[8]. MAMICR T, =F L AFARMICE o THREBAMEE SHHT
W e ST EEEET R 7 7 A VT —H RX— A TILQSARY AT AIZH
W, 2O E DS EAER 2 RN A E T TR E RFRERN TH D Z & &R
g B ERIT AV E R RBE TN D,

MADFERRIKF & L T=F L OROFEDOFANTIX, Zh PN EERMGRIKNF T
o5 LMD BT [49]. T OREEmITIEIREE R L I A DB IR ST
L F Lo ~DZF L ORFOBIEEITESN T, =F L oot
23d 20T, HERISERIZ L D ERRGELE Z O5EIZIT#EH TE 220,
ZORER, B ~ZBEICEE LZERICB T 2R 51, AMOBRE L~
kL THEE TE 220,

TF L OFTERIFE D AL, BIBRA (British Industrial Biological Research
Association) DR THRIEINTZ, ZDOLEa2—, BIb=TF L v OREHEY
IZEEDSWT, =F L U ADEBTERIRE DB AMEY A7 OFEMR B ICRE 25T
HEREERL TS, Flo, FHlZ=F L > OB PEFERHI B O & E: 0O FEEEAL
ZRDTND,

B~ DR

ML MED T v MBI BB L OTFOER EBE~DOTT L R ADETER
BAHFFE S LT2[70], & O FEBRAVHFZEIZGLP(OECD Guidelingd2l; ZJHH/ 5 E ~D 7
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59

5.10

PBET 2 NI TITbN T2, 47V —T7DF v FAZ NV—F & 1= 0 LD &
10V D) A3 i A 6 HERE 0SB 72 1F T W A T200; 1,000 or 5,000 ppmdd = F L 2
&L BRI T oS (0;230; 1,150 or 5,750 mg/mslZFEY) MThbhiLiz, ZDEE
Hlix, 850 3 7 v—7 2% LTEIZ4180; 400 and 2,000mg/kg/day % 5- 2 % 7=
IZRHR SN, Bl S OB 72 S AB-10%DOFEHIZ 8 o 7= 7, IR 5 A
RO T LY REMID oo THA D,

BTSN 2 B8], ZZBECHIM F . d6 KL ORETITMIEDRT A £ T(R/N28 A [H), M
TIHERED20H HE T, 3 W02 XI-blcEs g, HWxHEE ., g0
BREINDETORWHE A RRIIHEELZ T 5 2 Lafrs i,

JRARRE, JECR, FRORIE, KE L O RWERESIIEHIF P B S,
FLEREPERRS HNLN, TNTNOMEICOWT, EFEBLUFF R A
DRENFEIR STz, WFFEOR THE, T TOEWNTZRER E oI DR B 20 %L
fbeRIRTHRAE SN, B L OERGEIBYOIIE, =, B I ORIELR
MR B R A 2 52 U T,

T A MNMZERT DT RBCHT. R X ORIz 1 R EEE N
T L Z T o T, BHE IR EMEIC R U CTALER O 3 /2 <, 3T D
WEDMENR U7, PET4%. MEbE. TR X I OEHIRE, RERS X OWRIRE T

IC X DEBEZ T R T,

MAFEIE, WIRIC X DA T R M OFEAZ K 2 5t & R 2 PIIRAYZE /2372
WZ EER LT, B ORGIC L 5 EIA~OmMEZ BB DiER < &
SN2 R 5 BREERIAT R b e o T,

fam & LT 4 H LA 200; 1,000 or 5,000 ppm®D T F L > DEEE 1T D% 5
(%, mIEOFHLE 72 1%, K& MEC I T 2B TEY, BHE ). AR, REE FO1TE),
BLOZBOGER 4B BOFOAER EBE~OBEEEIT /) oT-,

FETM R
% 1UIZOECD Guidelined21(2 % - TITHOIVT-BHH /58 B Bk O IR GRER )Y EER A
ISR EINTWD, ORI EFEDS.8IZEL I LTV A,

10> BEEL
RrRENE (WEE, aRFEER L)
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T—HL

BY, BYERYE

a— )L X, ALBG[BIIZRTO 4 FEEOAW N FRFESEDOFE & 43 2 % Lz, 21
D—3E D ERRTIE, 13FHD KAHERE K- —FEIRE D F L 1 (1.4%=12g/m°) & filic
STEFDOW AL A WA SH 7, M, BRI, 6. . 3 X0 RoO#
ARIL O DOFRFEEDIREN T A7~ N7 T 74—l ko THIES Nz, =F L
¥ DI EDIRR S (L.4%) D50%IZ T D DI B EERFRIZLL T 0@ b Th
%o MRS, 243BAF. Bk 2B T, M. 3743, A 8.243, o
Hik, 5.243

TF LU DL F L ~DAEKRNEH#L

T— L2 N— 7 5131977 [52]. HEDCBA~ 7 A A SH-14CTT L LIz =T
VU= T L AR SN2 2R LT, BIb=TF L U 3REWE TH Y
Bi5 T8 T DI 72 7 VX ALHI(DNAZ A w3 & A4 2 HrEME R 3 O —/f)
LLTF LU I HEERRNDOT, ZoREITE THLERETH D, BRI
ITRF Y ROBIIANEZ oIl TWAEY AT A U EEAF DT LF
JAED FEE NS BIITIRE S 7z,

[ UFEBR=E TR 2 % OB TIE[45]. B{b—TF L A3~ U A DODNADKEZH %
TNAXME LT Z EDRRSNT, =2 F Lo b= TF L U ICHEEE S 7L 72REIZ . DNA
LANET B E VDT IVFRIMEDESNDIERNFE L Tho7-D T, BENERN
TZF LU DO SN ST Th 5 LibmoT oz, BboF1r &
TFLUDOHMNHTZ Y ORETHEONZT VX LD EESWO T, K1r~r
DZF LTI, WASNTEORBWS LT L AR sz Z & &R LT,
TF L UREOHNINCLE S =F L B b OFIG I XAFIRE F Ty 72, 218ppmd
TF LU TIE, BERIIEEHFEOY 7K B) ThoTe, =F L ORKIEED
AETHEE (Vmax) 23 225 R EEAppm DR b= F L U ~DIREE xS 5 EH#EE S

iz,

Tornquist ., 1988 [53]i%. HENHET= L VL DHKITIRE LI-% DT v F T, ~F
7aberbe )TV FIMEINTT IV BEHR LT, ZbERASINIET
FLr &7l rOR5-10%NENENDOTRF L R L, S HIC~ET R
EVOREYA FET AR LR TH D, KI8WNDHRRIZE TH < —#
LTWexF Lok s b 0EE(kIEL, EROWEDOH TO~ D A TH
R &7z, Tornguist & =—1 23— 27199012 L D FER Tk, AM Tk, MEZIC
BOWTHA SN ERER O T L 2 DORI6%[54]. FEEEE CTHI3%[55] 23k b —
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FLATEBShD LHEE ST,

TF L OBRL=TF L o ~ORBEBLIIDNA L &7 VT B IEOF K Z b 7o
5L, ZNIEKRNTZF L UVIRBRZRET D10 DOFE AT 5, N-T7 ¥
Ve R AEER R Le~E 7 v B AR ORIE XL L FE L72[63], =
DHETERIR D Y — A DOTTF L VIREE OMINE R TR D72 HOICHN D
A72[49],

Bib=F L o DEME

AL T L 3 5 RBOMINEBHE L T, F3447 v N T/ U A —-~ [EHEMEH
R, BRZARNE (A % A . B6C3FL~ 7 AT U L 8JER L O, 175, ~N— —fIR,
FLARO BRIE MRS S | X E 23 (T 4+ —H— 5, 199012 L 5 L B = —1990 [56]) .

WAL= TF L AT DT — 2T b= F L U BB AEIER TH D L D
TREIFLTWD, Bb=TF L U ZRERE S NTZT3BADTHE DIE TR EFEN A
ERFRDNTRE, TN TN OHFFE£130.8 £ 0.65Tdh - 72H3[57]. 8 Flo> [ ifiLfF &
6 BIDE N AN Lz,

RN ER U AERA T, BT L3y VX7 BT X ik EDNAD Y
VU ORFIZEIG L TWDHDONR R 6NS, ~U A, ANMEITT v ORI
BRI TF L &b a3zt &, ERMEOERDII~NEIa B TURAT
AP Faxv=F LA var NRKmn\U v, B XAF VU EIVRFINT
N—T DA IF ) —NVEHRTh-72[68], 17 T HBERDODNA & DEUGDH% D F 72
FOSA 1 ENT (2-hydroxyethyl) 7' 7 = T - 7253, 0-6(2-hydroxyethyl)d 7' 7 =
NI DFI0E%IZ T E e h o T,

Fiz, Ty b T AORMERNE FOMRIMERL W 7 X AR ETH - T2
L olz, MEZENR T,

b= F L 2 X DDNA LD T L AL W AIZ L » TEb=TF L 2 (ZhRER
SH7ZT v P TS HITHFE S L2 [59, 56, 60].

AERINE ZOVERIL & IR D 72 7 L AL ERAL I 7(2-hydroxyethyl) 7' 7 =
VNZHRT DT = ON-TALETH D . T DEEIT S AT ANE & 29878 B
R OBEBTH D,

IARC ([EEEM AMIFEHER]) DU —% 0 7 7L —T7 1%, 1994E TRk =F L o %2 5F
i, AMX L TRBAMENRSD D &V ) IERERICE -T2, Ziudd s LCH
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W2t F 2 FE N AMEIZ BT D EBRIIAFZED> & OFEIUZ SV Tz,

TF LUtk & RN BT B PCBDRITALE DR R

e oAb F Ly LRRRICE= T LU BRAR Y L E 7 = =L (PCB) CTHIIALEE X v
727 v MR L CTRIMEDOIMaE CTH D 2 L AREINTZ[62], PCBORTALEE L 2)7
ppmO =F L A A RFHIREE S > MW T, MiEDO7 7= a - 7 b
TIWENVEEEE ST AT I —8(SAKT) & VL v b — LK FE SR (SDH) O HE N
CTHEMEEHATH -2, PCBORILEN 2 ITHIE, =F L nmFfbmF
VAT AR IR, IRDDORENS, SMEEIESPCBORTLEE Tl & =
SN IR B HEREIR LR IS K o TR S NIz = AR ¥ RO 48 LTk
SNELTWD I EIRIBE LT,

7 v B LTV DR OME T T L U CiEBE sz L &, (LAY ERE
9% A FE I XPCBRITALEL(EER D6 H R 7 v 7 1 —/1125% 500mg/kgii i Adu
THERGNZ L > THEZZIT 5[63], =F L OENE(LITBb=F L &7
> THt Sz,

PCBY LALEL L S WWEIEL LD F Lo O EIL, £/ A X7 —EBDH
W= T L URROBEIMMO 7012, F A X7 —BHERR IRE S
THEMZE ST ZF L OBEENHEETHLZ LEZRLTND, LIPLAENG,
EH SIVTZIREED . EBEOHII LA E TN TS Z L2 NI D T
BIRETH D,

511 ADiE< Bk
—RENZ T L AT L L CREICDT > THEA Sz, 720 TWVDIEZEDE
WEFEDfERMED T DIZ, X VIR BRERIEICI B x btz RREO=F
Ly 25%LLTF) OERMTRE LBEORR L LTOANTEIT D&M EE
% TPattyDPEZERTAE & B F(1981) ] O TILHE S /en - 72[11],

WA EYRSF

TF L DOBRABANEORT 7 4 7 TheR50ppmD KR E TiliA Sz,

B, FE M & ORI RSB RIT & > TR C & 72 [64] BEIUT K D BRE
EOFTE.6% LK< | TR IXMFICAD = & A & AN, RENC & DB
I3 AT LA THEDLNT-ZF L oD% Th o 7-, TF L OEY R 051130.65
BRI o 7, MRS R R E » == F L E 2% LB &7, =F LU0
REBCR I M~ DIRVEREE D120 & & 2 b,
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FI~DE

TARAIZRBFSE CTlE, HF DA ML FEE TEH VTN AT = —F » Ntz T
L IPER(ISRIDIEYRD 5 B d6ml)E, HEEDIBITUN 21549 N DL VEIC A b7

LV ENoTe, = F LIS FTOMGT AL THO 5 D4, FHIZE T 5

FEREFEM TH T, BELVTREESH T — 21322V, fEgz -

TWHHEH TORE TIZ, =F Lo RNZDMOIBEEME(T oLy, =X 7

BRUBXOT = =) 80 HL0EEVIRE CTHE L TV D D% R LT-[65],

R 72 BT, KI40-60ppmDEIPTH D = F L B IE L ED LUV O MR ICEREE S
2RV ZF LT O+ TLTEICBITDHESHARFIZEHIAFE LI L Eun
BIATHo72 2 & NEERRER TS & IN7-[66],

FED A
TFARIZ2SE CTiECKE O A TG T T L U (REFED L-ULIZEBIT D)
B I NT3LADTHBE B W TN ATAEDRIN % 4 < Bt 2o 72[67],

T AU BDOFWFET T v M IHEEIZOWNT O T, MRS 2 F5E T 5 fair:

DEEMBTF Lo 2 Eie% < OILFWEOEE(RFFED LIV EBHEL TS
ZEWGm o, L LN 6 AFFEE1EE OBIEMAMBIEA 72 Bk A2 Sk L T
W2 EREE LTIV 220y 72[68],

B35 DR

NF;FORAEHET DO EHEINTOEEICBIT 5, AN TEFER 2T
F L OBINE, K& E 530.02-3.35ppm(0.02--3.85mg/m3) D#HIZ & W | )
JE#130.3ppm(0.35mg/m3) T~ 7= Z & &R LTz,

WO 298 Tld. &0 [JEER7e (knockdown) | #RAHOMIZELS
e 7 E, 46ppm(53mg/mI)DIRE DT F L Ao Lic—F . WERA
(overhaul) DFITIFMEH S 720> 72[3],

AT = —T L OAMETT T o N DOE RIS, T F LV UREDE=S—D

W b= T L oD S Ve ~E 7 v B AR DRIE % 3 B AF 5808 3k
EH7-[69], BFZEIT19894E D /8 — F 135 L TM99BEE D/ S— [ 20025 D /38— | TH i
Sz, %b\VA“/WDI%I/‘/L:H»E's%éhf:s)\@%@b%mmg/m)& KL~z
R S U723 N D55 E#(0.1 -0.3mg/m3) A3, xfH# & L720.01mg/m3ITIREEE S 41729 A
&mﬁénkoéf@%ﬁ<%@%ﬁ«%&utxﬁW%@V«w%iﬁ\Hm
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KI5 EICEEE L Tz, BRI, WA= TF L o OK1% N B L= F
LR EN T2 s AR R LT,

ANDFHENE &G A T O 3%, L0 EREICHIES Ly,
45mgim3 & 72 DI\ ST, FERIZS— MEBERL, BASNTZZ=TF L DK
1%L T L AR SN T AR IN D REFRKE D% TH D EHEE S
776

b FOBRERE L THE SN F L 2O — 7 KA FI50ppm(57.5mg/m3) TdH 1 |
—473.5ppm(4.0mg/m3)iL, XV BEWHIH OMREE O &S EEIE & Al STz, L
T, B—Z7 KHECx LTI A D20pm(3.6mg/m3), EALEMIZH L Clidik K
0.14ppm (0.25mg/m3) DR = F L > ~DLEMIIHIET HTH S 9, BiboF L
(REEINESEE)NZ DUV TE O B AV RREEBIRBRFOKHEIL, 1.8mg/m3(T > ~—7 |
AR, KE, /v T =—=)e20mg/im3(7 7> A, hFH, AT =—FT2)TH D3],

BE 3T

IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Some monomers,
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(NFISDIENAANEY 2 7 OFHMIZ BT 2 IARCHIZE R L, W< DD &AL,
TIAF v, GRTTA R~ —, BEXOT 7L A V)
CMAI, World Light Olefin Analysis, 1996.
(R OE ALV 7 ¢ 2 53HT)
IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Some Industrial
Chemicals. 1994, Vol. 60:45-71.
(NEA~DFEDAANEY R 7 OFMIZEIT 5 IARCHFFERR 3L, W< 22D LML
FEiin)
Granton RL, Roger DJ. Ullmann’s encyclopedia of industrial chemistry.1987;10:45-93.
(Ullmann’s  LbF 0 EF M)
Sawada S, Totsuka T. Natural and anthropogenic sources and fate of atmospheric
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(KRR O=F LD AR L OAROFAE & Em)
Hanch C, Leo A. Substituent Constants for Correlation Analysis in Chemistry and Biology,
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B.6 TOXICOLOGY AND METABOLISM
Introduction
Ethylene (or ethene) is the simplest alkene (i.e. an unsaturated hydrocarbon or olefin);
it is a very flammable gas and forms explosive mixtures with air. It is an endogenous
growth regulator in plants which is used to ripen bananas. The biosynthesis of

ethylene in plants is well documented in the literature (Wang et al, 2002).

Figure B.6.1 Structure of ethylene

Chemical name: ethylene.

Other names: ethene, acetone, bicarburetted hydrogen and olefiant gas.
CAS Number: 74-85-1.

Molecular weight: 28.05 g/mol.

Molecular shape: planar.

Molecular formula: C,Hy

Octanol/water partition coefficient: Log Kow = 1.13.

Solubility in water: 131 mg/1 at 20°C.

Vapour pressure: 4.2 x 10° Pa.

Physical state: Colourless gas with a slight, sweet and musty odour.
Conversion factors (NTP): 1) 1 ppm = 1.15 mg/m3; i1) 0.86 ppm = 1.0 mg/m3 .

Ethylene is a gas at normal temperature and pressure. It is an asphyxiant and induces
hypoxia by reducing the oxygen content of air by dilution.

Ethylene is an important industrial chemical; its uses include the manufacture of
polyethylene, ethylene oxide (a fumigant and sterilizing agent), ethylene dichloride,
ethylene glycol, linear alcohols, olefins, ethylbenzene, acetaldehyde and vinylacetate.
In addition, it is used as a fuel in metal cutting and welding and as an anaesthetic.

Ethylene is ubiquitous in the environment being released into the atmosphere from
natural and man made sources. Approximately 75% of the atmospheric ethylene
originates from organic sources (e.g. an endogenous growth regulator in plants that is
emitted by vegetation and it is produced by micro-organisms as part of their normal
metabolism) and 25% from anthropogenic sources (e.g. combustion of gas, fuel, coal
and biomass). Atmospheric ethylene can be degraded by ozone (half-life 6.5
days/estimated to destroy 8%), nitrate radicals (half-life 190 days) or by
photochemically-produced hydroxyl radicals (half-life 1.9 days/estimated to destroy
89%). The atmospheric lifetime of ethylene has been estimated to be 2-4 days.

Environmental human exposure mainly occurs from the combustion of fossil fuels
(e.g. motor vehicle emissions) and the burning of organic matter (e.g. smoking).
Ethylene concentrations in ambient air at rural and remote sites are generally in the
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range of <0.001-0.005 mg/1 and up to 0.05 mg/l in urban and indoor areas (values of
up to 1 mg/l have been recorded in heavy traffic). Ethylene is produced endogenously
by humans and other mammals and several mechanisms have been proposed for its
endogenous production: lipid peroxidation, enzymatic reactions or oxidative
destruction of methionione and haemoglobin and by intestinal bacteria.

No metabolism or toxicity studies have been submitted or evaluated for ethylene or its
metabolite ethylene oxide (a potent alkylating agent and genotoxic carcinogen). The
information and toxicological data cited in this document is entirely dependant on the
data cited in the published literature (mainly summarised in the publications listed
below). It should be noted that details of the protocols, the dosing patterns and the
GLP status of cited studies were minimal and the source, age and quality of the
data/information were often unclear and difficult to assess. In addition, no reliable
quantitative toxicity data have been submitted for ethylene exposure to experimental
animals via the oral route (normally required for determining NOAELSs and the setting
of reference doses for the consumer risk assessment).

The main publications/sources of information cited in the following ethylene
evaluation are as follows:

1) OECD Screening Information Data Set (SIDS): Ethylene. Date not specified.
Organisation for Economic Co-operation and Development (OECD: SIDS).

i1) [IUCLID Dataset, Ethylene, European Chemicals Bureau, 2000 CD-ROM Edition.

1i1) Hazardous Substances Data Bank, No 168, 2003 (HSDB 2003,
toxnet.nlm.nih.gov).

iv) IARC Monograph on the Evaluation of Carcinogenic Risks to Humans (1994).
Some Industrial chemicals, Vol 60 (Ethylene pages 45-70) (IARC 1994).

v) Proposed Regulatory Decision Document. Ethylene Eco Sprout Guard. Health
Canada October 2001 (HC 2001).

Inevitably, the publications listed above are mainly summarising and citing the same
studies and data. Since there are minor differences in the reporting of the details by
the different sources, individual studies may be cited more than once especially where
additional information has been reported. To assist in identifying the studies cited by
these publications, the original references (where available) have been cited together
with the relevant publication in this evaluation (these references have not been
individually evaluated by the RMS). The quality of the studies cited and the extent
and depth of the investigations carried out are impossible to ascertain without an
extensive evaluation of the individual published studies.
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B.6.1

B.6.1.1

b)

Absorption, distribution, metabolism and excretion (toxicokinetics) (11A 5.1)
Absorption, distribution and excretion

Male Fischer 344 rats (170-220g) were exposed to 14C-ethylene (free of '*C-acetylene
or greater than or equal to 97% pure) for 5 hours in a closed chamber (35 litres) to
10000 ppm (11.5 mg/l). In each experiment, up to four rats were exposed together in a
single chamber. Within one minute after the end of exposure, animals were
transferred to individual all glass metabolism cages and the elimination of
radioactivity monitored for up to 36 hours. Most of the eliminated 14C was exhaled as
ethylene [(18 umol (504 pg) per rat exposed to acetylene-containing ethylene; this
statement is not consistent with the material tested/no explanation)]; smaller amounts
were excreted in urine (2.7 umol ethylene equivalents/rat) and faeces (0.4 pmol) and
exhaled as carbon dioxide. Radioactivity was found in blood (0.022 umol ethylene
equivalents/ml), liver (0.047 umol ethylene equivalents/liver), gut (0.034 pmol
ethylene equivalents/gut) and kidney (0.006 pmol ethylene equivalent/kidney). Pre-
treatment of animals with a mixture of polychlorinated biphenyls (Aroclor 1254: 500
mg/kg bw; single intraperitoneal injection 5 days before exposure) had no measurable
influence on ethylene exhalation but resulted in a significant (p< 0.05) increase in
exhaled 14CO, (2.04 pmol ethylene equivalents/rat) and of 14C in urine (11.1 pmol
ethylene equivalents/ml). The organ burden of 14C was one to two orders of
magnitude greater in Aroclor 1254-treated than in untreated animals. Radioactivity
was also detectable in lungs, brain, fat, spleen, heart and skeletal muscle. The data
were interpreted as indicating that an inducer of the mixed-function oxidase system
can stimulate the metabolism of ethylene.

(Guest et al, 1981/TARC 1994)

Male Fischer 344 rats (with and without pre-treatment with Aroclor 1254) were
exposed to 14C-ethylene (12.56 mg/l= 10000 ppm) for 5 hours. Samples were
collected for 36 hr following exposure. Aroclor pre-treatment did not affect the
amount of ethylene expired but did cause a 4-fold increase in expired 14CO, and a 2-
fold urinary excretion of radioactivity. Aroclor pre-treatment increased the
concentrations in blood, gut, kidney, liver and lung by factors of 1.5-, 6-, 8-, 16-, 17-
fold; detectable concentrations of radioactivity were also found in brain, heart, fat and
muscle. The rats pre-treated with Aroclor showed centrilobular hepatic necrosis (light
microscope) which was not seen in the rats exposed to ethylene alone. The author
suggested that ethylene metabolism is stimulated by Aroclor treatment.

(Guest et al, 1981, TUCLID 2000)

Several studies have investigated the pharmacokinetics of inhaled ethylene in male
Sprague Dawley rats using closed exposure chambers in which the atmospheric
concentration-time course was measured after injection of a single dose into the
chamber atmosphere (Bolt et al, 1984; Bolt & Filser, 1987; Shen et al, 1989; Filser,
1992). Uptake of ethylene into the body was low. Clearance due to uptake (as
described above) was 20ml/min for one rat of 250 g which represents only 17% of the
alveolar ventilation (117 ml mins; Arms & Travis, 1980). Most (83%) inhaled
ethylene that reaches the lungs is exhaled again without becoming systemically
available via the blood stream. Maximum accumulation of ethylene in the organism,
determined as the thermodynamic partition coefficient, whole body:air (Keq =
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d)

B.6.1.2

Concynima/Concyir), was 0.7. The concentration ratio at steady-state whole body:air
was somewhat lower owing to metabolic elimination ad it decreased from 0.7 to 0.54
at exposure concentrations below 92 mg/m’ (80 ppm). However, at very low
atmospheric concentrations, the concentration ratio at steady-state whole body:air
increased, owing to endogenous production of ethylene. For instance, it was almost
twice the value of the thermodynamic partition coefficient whole body:air at an
exposure concentration of 0.06 mg/m’ (0.05 ppm); calculated using pharmacokinetic
parameters and equation 18 of Filser,1992. At concentrations between 92 and 0.12
mg/m’ (80and 0.1 ppm), clearance was seen, due to metabolism related to the
concentration in the atmosphere of about 4.7 ml/min for the 250g rat. In that
concentration range at steady state, therefore, about 24% of systemically available
ethylene is eliminated by metabolism and 76% by exhalation of the unchanged
substance (taking into account values of clearance of uptake and clearance of
metabolism). The alveolar retention of ethylene at steady state value was 3.5% and
the biological half-life was 4.7 minutes (Filser ef al, 1992). At atmospheric
concentrations greater than 92 mg/m’ (80 ppm), metabolism of ethylene became
increasingly saturated, reaching a maximum rate of metabolism (V) of 0.035
pmol/(min x 250 g bw) [0.24 mg/(h x kg bw)] at about 1150 mg/m’ (1000 ppm). The
apparent Michaelis constant (ky,) related to the average concentration of ethylene gas
within the organism was 130 nl/ml tissue, which corresponds to an atmospheric
concentration of 239 mg/m3 (208 ppm) at Va0, calculated by means of the kinetic
parameters given by Filser (1992).

(IARC 1994)

In a series of 21 experiments, 13 large mongrel dogs were ventilated with a constant
concentration of ethylene (1.4% = 12g/m’). Concentrations were measured by gas
chromatography in alveolar gas, arterial blood, brain, muscle and central venous
blood. The average times necessary for the partial pressure of ethylene to reach 50%
of the inspired partial pressure (1.4%) were: alveolar gas, <2.0 minutes; arterial blood,
<2.0 minutes; brain, 3.7 minutes; muscle, 8.2 minutes and central venous blood, 5.2
minutes.

(Cowles, 1972/OECD: SIDS)
Metabolism

A metabolic pathway for the biotransformation of ethylene in mammals was not
proposed.

Four male CBA mice (average body weight, 31 g) were exposed together for one hour
in a closed glass chamber (5.6 litre) to 14C-ethylene (22 mCi/mmol) in air at 17 ppm
(0.0223 mg/l) which is equivalent to about 1 mg/kg bw. Blood and organs from two
mice were pooled 4 hours after the end of exposure. Radioactivity was about the same
in kidney (0.16 pCi/ g) and liver (0.14 pnCi/ g) but lower in testis (0.035 pCi/ g), brain
(0.02 uCi/ g) and haemoglobin (0.0094 uCi/G Hb). Urine was collected from the two
other mice during the 48 hour period and blood was collected after 21 days. A urinary
metabolite, 5-(2-hydroxyethyl)cysteine was identified by thin-layer chromatography
(3% of 14C in urine). The radioactivity in haemoglobin was 0.011 pCi/g Hb. This
data, together with those on specific hydroxyethyl derivatives at amino acid residues
of haemoglobin indicates that ethylene was metabolised to ethylene oxide.

(Ehrenberg et al, 1977/IARC 1994)
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b)

d)

In liver microsomes prepared for male Sprague-Dawley rats, ethylene at
concentrations of up to 115 g/m3 (10%) in the gas phase was metabolized to ethylene
oxide in the presence of an NADPH regenerating system (1 hour, pH 7.5, 37°C). The
rate of formation of ethylene oxide was saturable (Vmax 0.67 nmol/h per mg protein)
and could be reduced by the addition of diethyldithiocarbonate or f-naphthoflavone to
the microsomal suspension. Treatment of rats with phenobarbital (single
intraperitoneal injection of 80 mg/kg bw followed by three days of 0.1% in drinking
water) before preparation of liver microsomes did not change the V y,x.

(Schmiedel et al, 1983/IARC 1994)

In mice, it was shown that ethylene oxide alkylated nucleophilic sites of DNA in liver,
spleen and testes. Since the ratio between the degree of alkylation of DNA and that of
haemoglobin was the same when exposed to ethylene and ethylene oxide, it was
concluded that ethylene oxide was an in vivo reactive intermediate formed from
ethylene. A comparison of the degrees of alkylation obtained per unit exposure of
ethylene oxide and ethylene showed that at low levels of ethylene, about 8% of the
inhaled amount was metabolised to ethylene oxide. The rate of ethylene oxidation
followed saturation kinetics with increasing concentration. At 218 ppm ethylene, the
oxidation rate was half of the maximal rate (k,, value). It was estimated that the
maximal rate of metabolism (Vax) of ethylene corresponds to exposure to an air level
of 4 ppm of ethylene oxide.

(Segerback, 1983/OECD:SIDS)

Involvement of cytochrome P450-dependent monooxygenases in the metabolism of
ethylene in male Sprague-Dawley rats was suggested by the complete inhibition of
metabolic elimination after intraperitoneal treatment with 200 mg/kg
diethyldithiocarbonate 15 min before exposure and by an increase in the rate of its
metabolism with a V. of about 14 umol/(h x kg bw) [0.33 mg/(h x kg bw)] after
treatment with a single dose of Aroclor 1254 (500 mg/kg bw) six days before the
experiment.

(Bolt et al, 1984/IARC 1994)

Male Sprague-Dawley rats exposed to ethylene exhaled ethylene oxide. In these
experiments, two animals were kept together up to 21 hours in a closed chamber (6.4
litres). The concentration of ethylene in the atmosphere of the chamber was
maintained at greater than 1115 mg/m’ (1000 ppm) by repeated additions, in order to
maintain V.. conditions for ethylene. One hour after the beginning of exposure, the
atmospheric concentration of exhaled ethylene oxide reached a peak value of 0.69
mg/m’ (0.6 ppm). After about 2.5 hours, the concentration had decreased to about of
0.345 mg/m’ (0.3 ppm) and then remained constant. On the basis of the
concentration- courses of atmospheric ethylene, it was speculated that this decease was
due to rapid induction of ethylene oxide metabolizing enzymes, whereas the rate of
ethylene metabolism remained unaffected (Filser and Bolt, 1984). In male Sprague-
Dawley rats exposed to ethylene at concentrations greater than 1115 mg/m’ (1000
ppm), the amount of ethylene taken up per unit time from the atmosphere of a closed
chamber remained constant over exposure times of up to 30 hours (Bolt ez al, 1984).
Pharmacokinetic data for ethylene and ethylene oxide indicate that in steady state
conditions only 29% of metabolised ethylene is available systemically as ethylene
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g)

h)

oxide. Therefore, assuming that the liver is the principle organ in which ethylene is
metabolised, an intrahepatic first-pass effect for the intermediate ethylene oxide was
suggested (Filser and Bolt, 1984). In view of the saturability of ethylene metabolism,
the maximal possible average body concentration of its metabolite, ethylene oxide,
was calculated to be 0.34 nmol/ml tissue [15 pg/kg bw] in an open exposure system
(infinitely large atmospheric volume). The same value was computed to result from
exposure to ethylene oxide at an atmospheric concentration of 10.2 mg/m’ (5.6 ppm)
at steady state (Bolt and Filser, 1987).

(IARC 1994)

Metabolic conversion of ethylene oxide results in the formation of DNA and
haemoglobin adducts that can be used to identify ethylene exposure. Alkylated amino
acids in haemoglobin have been shown in rats exposed to automotive engine exhaust.
These adducts resulted from the conversion of 5-10% of inhaled ethylene.

(Torngvist et al, 1988/OECD:SIDS)

Ethylene oxide was found in the blood of male Fisher 344 rats during exposure to an
atmospheric ethylene concentration of 690 mg/m® (600 ppm). A maximal value of
about 3ug/g blood of ethylene oxide was seen 8 minutes after the start of exposure to
ethylene; this value was followed 4 minutes later by an immediate decrease to about
0.6 ng/g blood and this level remained constant for the following 46 minutes. During
exposure, “the cytochrome P450 content in the liver was reduced to 94% after 20
minutes and 68% after 360 minutes” (no further details). It was speculated that an
ethylene-specific cytochrome P450 isozyme was rapidly deactivated during exposure
to ethylene, resulting in reduced formation of ethylene oxide (Maples & Dahl, 1993).
This speculation is based on results obtained by an unspecific method for the
determination of cytochrome P450 isozyme which is not suitable for the determination
of cytochrome P450 isozymes.

(IARC 1994)

In male Sprague Dawley rats treated with phenobarbital (intraperitoneal injection of 80
mg/kg bw/day for 4 days and exposure to ethylene on day 5) and then exposed for 3
hours to a mixture of commercial ethylene (contaminated with about 10 ppm
acetylene) and air (1:1 v/v), a green pigment was formed in the liver 4 hours after
exposure. The same pigment was formed in vitro during incubation of acetylene-free
ethylene with 9000 x g supernatant of a rat liver homogenate (from phenobarbital-pre-
treated animals) in the presence of NADPH. No controls were used (Ortz de
Montellano & Mico, 1980). The pigment was identified as a N-(2-
hydroxyethyl)protoporphyrin IX, an alkylation product of the prosthetic haem of
cytochrome P450-dependent monooxygenases. It was conclude that the
phenobarbital-inducible form of cytochrome P450 was destroyed during oxidative
metabolism of ethylene (Ortz de Montellano ef al, 1980 & 1981).

(IARC 1994)

Ethylene oxide is exhaled by untreated rats (Shen et al, 1989). The endogenous
production rate in a Sprague-Dawley rat (250g bw) was determined to be 2.8 nmol/h
[0.31 pg/(h x kg bw)] resulting in a body burden of ethylene gas of 0.32 nl/ml tissue
[0.036 ng/kg bw] (Filser, 1992). The corresponding exhalation rate may be calculated
from the pharmacokinetic parameters of Filser (1992) as 0.24ug/(h x kg bw). Four
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B.6.1.3

possible sources of endogenous ethylene have been suggested in the literature: lipid
peroxidation (Kautiainen et al, 1991), enzyme- copper- or iron-mediated catalysed
oxidation destruction of methionine (Fu et al, 1979; Lieberman et al, 1965; Kessler &
Remmer, 1990; respectively), oxidation of haemoglobin (Clemens et a/, 1983) and the
metabolism of intestinal bacteria (Tornqvist et al, 1989b).

(IARC 1994)

It has been demonstrated that ethylene and halogenated ethylenes are acute liver toxins
in rats pre-treated with polychlorinated biphenyl (PCB). Without pre-treatment with
PCB and exposed to 20000 ppm ethylene for 4 hours, ethylene and halogenated
ethylenes did not induce liver toxicity. The rate of metabolic elimination of ethylene is
influenced by pre-treatment with PCB and leads to an increase in exhaled ethylene
oxide.

(Conelly and Jaeger, 1977; Filser and Bolt, 1983/OECD: SIDS)

Summary of toxicokinetics studies

No ADME studies have been submitted (no oral ADME studies have been cited). The
majority of the available data has been generated using inhalation exposure. A
metabolic pathway has not been proposed for ethylene in mammals. Apart from
ethylene oxide and its metabolites and the urinary metabolite hydroxyethyl cysteine in
mice, there appears to be little or no information or investigations into other potential
metabolites of ethylene (see B.6.8.1).

Following inhalation of radiolabelled ethylene, absorption appeared to be rapid (within
minutes) but the systemic uptake from the lungs was low (low solubility in blood).
The uptake, exhalation and metabolism can be described by first-order kinetics. It has
been estimated that approximately 83% of the ethylene that reaches the lungs is
exhaled unchanged while 17% is absorbed. Distribution is widespread throughout the
body (i.e. nervous system, lungs, liver, kidneys, spleen, heart, blood, fat, skeletal
muscle and testes). In rats, about 24-29% of systemically available ethylene is
eliminated by metabolism and the remainder by exhalation of the unchanged
substance. Elimination appears to be rapid. Most of the inhaled ethylene was exhaled
unchanged with smaller amounts excreted in urine and faeces and as exhaled carbon
dioxide. Pre-treatment with cytochrome P450 inducers increased the amount of
14CO, exhaled and the levels of 14C in urine and tissues.

Ethylene oxide has been identified as a metabolite of ethylene in rodents based on its
ability to form DNA and protein adducts (e.g. haemoglobin). The degree of alkylation
obtained per unit exposure of ethylene oxide and ethylene shows that at low levels of
ethylene, about 5-10% of the inhaled ethylene was metabolised to ethylene oxide in
experimental animals. The rate of ethylene oxidation followed saturation kinetics with
increasing concentration. /n vitro studies using rodent liver also demonstrate that
ethylene can be metabolised to ethylene oxide. Inducers (PCBs) of the mixed-function
oxidase system can stimulate the metabolism of ethylene and increase the levels of
exhaled ethylene oxide. A urinary metabolite 5-(2-hydroxyethyl)cysteine, possibly
formed from ethylene oxide, was identified in mice.

10
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B.6.2

B.6.2.1

B.6.2.2

B.6.2.3

B.6.2.4

B.6.2.5

B.6.2.6

B.6.2.7

Acute toxicity, irritancy and skin sensitisation studies (1A 5.2)
Acute oral toxicity (11A 5.2.1)

No studies submitted (or data cited from the published literature).
Acute dermal toxicity (11A 5.2.2)

No studies submitted (or data cited from the published literature).
Acute inhalation toxicity (11A 5.2.3)

Male rats exposed to ethylene at concentrations of 11.5, 28.8 or 65.6 mg/1 of air for 4
hours showed increased serum pyruvate and liver weight at all dose levels (no deaths
reported). The LC50 in male F344 rats was greater than 12.518 mg/1 for a five hour
exposure. The lethal concentration of ethylene in air to mice was stated to be 950000
ppm (estimated to be approximately 1093 mg/] of air). No respiratory irritation has
been reported in patients. Therefore, ethylene would not be classifiable via the
inhalational route according to EC criteria.

(Flury, 1928; Gaeb et al, 1975/0ECD: SIDS)
Skin irritancy (11A 5.2.4)

No studies submitted (or data cited from the published literature) but according to the
reference there is no evidence that ethylene gas is a skin irritant.

(OECD: SIDS)
Eye irritancy (11A 5.2.5)

No studies submitted (or data cited from the published literature) but according to the
reference there is no evidence that ethylene gas is an eye irritant.

(OECD: SIDS)
Skin sensitisation (1A 5.2.6)

No studies submitted (or data cited from the published literature).
Summary of acute toxicity, irritancy and sensitisation studies

Based on the cited data, ethylene is not classifiable via the acute inhalation route
according to EC criteria. There is insufficient data to classify ethylene via the acute
oral and dermal routes, for skin and eye irritancy or for skin sensitisation using the
normal EC criteria. However, based on industrial use and practice and its use as an
anaesthetic, ethylene gas dose not appear to be classifiable as a skin or eye irritant or a
skin sensitiser. It should be noted that liquefied or pressurized ethylene gas can cause
frostbite damage (this may trigger part of Directive 2003/82/EC).

11



Ethanol addendum - VVolume 3, Annex B.7 : Toxicology of reaction & degradation products September 2008

B.6.3

B.6.3.1

B.6.3.2

B.6.3.3

B.6.3.4

B.6.3.4.1

b)

d)

Short-term toxicity studies (I11A 5.3)
Oral administration to rats
No studies submitted (or data cited from the published literature).
Oral administration to mice
No studies submitted (or data cited from the published literature).
Oral administration to dogs
No studies submitted (or data cited from the published literature).
Administration by other routes
Inhalation exposure
6-day exploratory study
A group of six male Sprague-Dawley albino rats were exposed to a continuous flow of
60% ethylene in oxygen for 6 days, i.e. 600,000 ppm equivalent to 690 mg/I (1968
publication). Effects were reported on several haematology parameters. There was a
significant reduction in thrombocyte count (-19.3%) and leukocyte count (-48.2%) and
a reduction was also seen in the bone marrow cellularity (-30%).
(Fink, 1968/OECD: SIDS)
Liver damage occurred in mice repeatedly exposed (up to 20 times over 58 days) to
atmospheric concentrations of 90% ethylene for periods of 60-90 minutes. There was
no cellular injury in the kidney, adrenal, heart or lungs.
(Reynolds, 1926/BIBRA Toxicity Profile 1993)
70-day study
Rats were exposed to ethylene at a concentration of 100 ppm (0.15 mg/1) for 70 days
(non-GLP study reported in 1966 of unknown quality and no further exposure details).
Changes in the reflex nerve impulses, a decrease in cholinesterase activity and reduced
blood pressure were reported (no actual data or indications of the magnitude of these
changes were reported).
(Krasovitskaya et al, 1966/ OECD: SIDS)
90-day study
Groups of rats (15/sex/concentration) were exposed to ethylene at concentrations of 0,

300, 1000, 3000 or 10000 ppm (0, 345, 1150, 3450, or 11500 mg/m3'respectively) for
6 hours/day, 5 days/week for 13 weeks (a non-GLP study).

12
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B.6.3.4.2

B.6.3.5

There were no differences between controls and treated rats with respect to total body
weights, weight change, food consumption, haematology, clinical chemistry, gross
pathology or histopathology. Male rats in the 0 (control), 300 and 10000 ppm groups
showed red deposits or red discharge around the nose whereas the males in the 1000
ppm group had red deposits around the eyes. Amongst the female rats, a red deposit
was discovered around the left eye of one 300 ppm female and alopecia around both
ears of one 1000 ppm female. Compared with the controls, the liver weights in several
groups of exposed rats were significantly lower (no indication of magnitude in the
publication). There was no dose response relationship for this weight reduction and
the cause was unknown. Ethylene appeared to have a low toxicity in rats when
administered up to 10000 ppm (11.5 mg/l of air). This was considered to be the
NOAEL for the 90-day study by the authors.

(Chemical Industry Institute of Toxicology, 1977/OECD: SIDS)
Dermal exposure

No studies submitted (or data cited from the published literature).
Summary of short term toxicity

No data were submitted for the oral or dermal routes of exposure (or cited from the
published literature). A summary of the short-term inhalation data is presented in
Table B.6.1.

The 6-day exploratory inhalation study in rats showed that at high exposure levels
there were marked effects on the thrombocyte and leukocyte counts and on bone
marrow cellularity. There are some limited citations that indicated the liver may be a
target for ethylene induced toxicity. In the 70-day rat study, changes in the reflex
nerve impulses, a decrease in cholinesterase activity and reduced blood pressure were
reported. The 90-day inhalation study concluded that the NOAEL was greater than
11.5 mg/1 of air for inhalation exposure, the highest dose tested. It should be noted that
this study may have been conducted by Industrial Bio-Test Laboratories Inc under
contract to the CIIT (see B.6.5). The background to IBT can be found at section 3.1.8
of http://www.oecd.org/dataoecd/13/15/36045203.pdf ]

13
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Table B.6.1 Summary of the short-term inhalation toxicity of ethylene

B.6.4

B.6.4.1

b)

B.6.4.2

Type of study NOAELs LOEL /effects Reference
6 day exploratory Not set 600000 ppm (690 mg/l, the only Fink,
study in rats dose tested): Marked effects on 1968/SIDS

haematological parameters and
bone marrow.

70-day study in rats Not set 100 ppm (0.15 mg/l): Changes in | Krasovitskaya
the reflex nerve impulses, a et al,

decrease in cholinesterase activity | 1966/SIDS
and reduced blood pressure.

90-day study in rats 11.5 mg/l No effects reported at highest CIIT,
dose tested. 1977/SIDS

Genotoxicity studies (11A 5.4)
In vitro testing (All 5.4.1)
Bacterial mutations

Ethylene has been tested in an Ames test at atmospheric concentrations up to 20% in
one strain (TA 100) of Salmonella typhimurium in the presence and absence of
metabolic activation (non-GLP study/Victorin and Stalberg, 1988). It was also
reported that previous testing in four strains of Salmonella typhimurium (non-GLP
studies/Hamm et al, 1984; Hughes et al, 1984) and in Escherichia coli (non-GLP
study/Landry and Fuerst, 1968) were also negative.

(OECD: SIDS)
Mutations in mammalian cells

No studies submitted (or data cited from the published literature).
Chromosome aberrations in mammalian cells

Duplicate cultures of Chinese hamster ovarian (CHO) cells were tested in the absence
and presence metabolic activation (S9-mix) from Aroclor 1254-induced rats (GLP
compliant study conducted to OECD guideline 473). The cells were tested at
concentrations up to 280.5 mg/l (approximately 25% ethylene). Due to the explosive
properties of ethylene when mixed with air, nitrogen was used as a carrier gas. The
cells were exposed to a short 3 hour pulse treatment followed by a 17 hour expression
period prior to harvest. Negative (carrier gas, untreated and positive control groups
were tested. The positive control groups produced appropriate results. It was
concluded that there was no effects on the mitotic index and no increase in the
frequency of cells with structural chromosome aberrations.

(Riley, 1996/ OECD: SIDS)
In vivo genotoxicity in somatic cells (All 5.4.2)

Micronucleus tests
Rats (10/dose) and mice (10/dose) were exposed to concentrations of 0, 40, 1000 or
3000 ppm for 6 hour/day, 5 days a week for 4 weeks (reported in 1994 but not stated

whether or not GLP status). Bone marrow samples were collected approximately 24
hours after the final exposure. No significant differences in the PCE to NCE ratios

14
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b)

B.6.4.3

B.6.4.4

were observed in any exposure group. It was concluded that ethylene did not induce
statistically significant concentration-related increases in the frequencies of
micronucleated polychromatic erythrocytes in the bone marrow of rats or mice.

(Vergenes and Pritts, 1994/ OECD: SIDS)
Formation of DNA and haemoglobin adducts

Absorption, distribution, elimination of ethylene and formation of haemoglobin and
DNA adducts were studied in rats after inhalation of 300 ppm ethylene for 12 hours
per day for 3 consecutive days (a non-GLP study reported in 1995). DNA adduct
formation was measured in liver and lymphocytes and haemoglobin adducts
determined in erythrocytes. The adduct formation with ethylene was compared to
other alkenes and adduct formation decreased with increasing number of carbon atoms
in the molecule. No actual results or conclusions were provided in the publication (the
study was stated to be an explorative study).

(Eide et al, 1995/0OECD: SIDS)
Alkylation of DNA

Alkylation of 7-guanine was measured in DNA from liver spleen and testis of mice 14
hours after exposure by inhalation of 14C-ethylene at an initial concentration of 11
ppm for 8 hours (a non-GLP study reported in 1983). The degree of alkylation was
much higher in the liver than in the other tissues. No actual results or conclusions
were provided in the publication (the study was stated to be an explorative study).

(Segerback, 1983/OECD: SIDS)
In vivo studies in germ cells (All 5.4.3)

No study submitted (or data cited from the published literature) but there are no
indications in the available data/information that such a study is necessary.

Summary of genotoxicity studies
A summary of the submitted genotoxicity data is provided in Table B.6.2.

The bacterial mutation and chromosome aberration assays conducted with ethylene gas
were stated to be negative for genotoxic activity (these conclusions may be equivocal
taking into consideration the low solubility of ethylene in aqueous media). However,
following in vivo inhalation exposure to rats and mice, the bone marrow micronucleus
investigations were also reported to be negative (no significant differences in the PCE
to NCE ratios). There was insufficient information provided for the DNA and
haemoglobin adduct assays to draw any clear conclusions about the potential
genotoxicity of ethylene.

The overall genotoxicity database on ethylene is limited, but on the data available there
is no evidence for significant genotoxic potential.

15
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Table B.6.2 Summary of the genotoxicity data

B.6.5

B.6.5.1

B.6.5.2

B.6.5.3

Study | Concentrations | Result | Reference
In vitro assays
Ames test Atmospheric concentrations Negative OECD: SIDS
up to 20%
Chromosome aberrations 280.5 mg/1 Negative Riley, 1996/
in CHO cells (approximately 25% ethylene) OECD: SIDS
In vivo assays (inhalation exposure)
Bone marrow 3000 ppm Negative Vergenes &
micronucleus tests in rats (approximately 3.45 mg/1) Pritts, 1994
and mice. OECD: SIDS
Formation of DNA and 300 ppm Adduct formation Eide et al,
haemoglobin adducts (approximately 0.345 mg/I) reported but no 1995
quantitative results | OECD: SIDS
reported
Alkylation of DNA 11 ppm Alkylation reported Segerback,
(approximately 0.0126 mg/1) but no quantitative 1983
results reported OECD: SIDS

Chronic toxicity and carcinogenicity studies (I11A 5.5)

A single long-term inhalation study has been summarised by the OECD: SIDS
publication (CIIT, 1979/SIDS & by Hamm et al, 1984). However, this study was
conducted 1977-1979 at the Industrial Bio-Test Laboratories Inc (IBT) under contract
to the Chemical Industry Institute of Toxicology (CIIT). It should be noted that IBT
was responsible for falsifying data which lead to the implementation of GLP principles
and practice in the USA. The background to IBT can be found at section 3.1.8 of
http://www.oecd.org/dataoecd/13/15/36045203.pdf |

Chronic dietary studies in rats

No studies submitted (or data cited from the published literature).

Chronic dietary study in mice

No studies submitted (or data cited from the published literature).

Carcinogenicity studies in rats

Fischer-344 inbred rats (120/sex/group) were exposed to ethylene at concentrations of
0, 300, 1000 and 3000 ppm for 6 hours per day, 5 day/week for up to 24months (non-
GLP study).

The spontaneous mortality (15.7%) was stated to be roughly equal in all treated
groups. Hair loss, deposits on and around the nose and eyes and gross eye
abnormalities were noted but there were no obvious differences among the treatment
groups. There was an overall increase in the number of animals exhibiting gross tissue

masses for the test groups as compared with the control group but this trend was not
statistically significant.
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b)

The final body weights and total weight changes for treated males were higher than
those in the control groups but no dose related pattern was seen. There were no
significant differences among any of the treatment groups on any of the haematology,
blood chemistry or other parameters tested. No gross or histopathological tissue
changes attributable to the effects of the test material were observed in any of the
treated rats. The summary states that only a few findings were reported that could
indicate any carcinogenic effect of the treatment.

In a publication from the above 1979 carcinogenicity study (Hamm et a/, 1984), it was
concluded that the results provided "no evidence that ethylene at these concentrations
causes chronic toxicity or is oncogenic in Fischer 344 rats". However, this publication
and the summary have been criticised since they do not discuss the mononuclear cell
leukaemia described in the full report. It was stated that the number of animals
affected (out of 90) rose from 12 and 8 in the male and female control groups to 21 and
11, respectively, in the groups receiving 3000 ppm. On the other hand, it has been
stated that mononuclear cell leukaemia may occur in F344 rats at a background
incidence > 75% and that a further increase in exposed animals is difficult to interpret
with respect to human cancer development.

(Chemical Industry Institute of Toxicology/conducted by IBT, 1979/OECD: SIDS)

A summary of a 2-year rat inhalation study was submitted which was down loaded
from the Hazardous Substances Data Bank (HSDB) on 5™ May (toxnet.nlm.nih.gov).
This summary appears to be another summary of the above 1979 inhalation study but
provides some further limited information on the methodology. The maximum
tolerated dose was not used as concentrations above 3000 ppm were considered
hazardous because of the risks associated with the explosive properties of the test
mixture. The calculated time weighted average concentrations for the 24 months of
exposure were 0, 301, 1003 and 3003 ppm, respectively. Randomly selected animals
were necropsied and examined after 6, 12 and 18 months and selected organs and
tissues from all animals in the control and 3000 ppm groups were examined
microscopically at termination. Histologically, a variety of proliferative, degenerative
and inflammatory lesions were observed in both control and 3000 ppm groups. It was
stated that these lesions were typical of those seen in this strain of animal and were
unrelated to ethylene exposure.

(Hamm et al, 1984/HSDB)

Criticism of the above 2 year rat inhalation study and the Hamm summary has been
published by BIBRA scientists.

“CIIT scientists concluded that there was ‘no evidence that ethylene at these
concentrations causes chronic toxicity or is oncogenic in Fischer 344 rats. According
to the ‘executive summary’ of the full report (published separately), unusual malignant
lung tumours were found in two rats exposed to 1000 ppm and one exposed to 3000
ppm, but the low incidence and lack of other related changes in bronchial epithelium
suggested they may have occurred spontaneously. The incidence of mononuclear cell
leukaemia is not discussed in the summary, but the full report (available only on
microfiche) indicates that it was somewhat increased in both sexes at the top dose
level. The number of animals affected (out of 90) rose from 12 and 8 in male and
female controls to 21 and 11, respectively, at 3000 ppm. The total number of organs or
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d)

B.6.5.4

tissues affected rose to 106 in males and 83 in females from only 62 and 26,
respectively, in controls. Whether it increased at lower doses too is uncertain, since
only limited histological examination of the lower dose groups was conducted. In the
view of EO to induce this form of cancer (NIOSH Current Intelligence Bulletin 1981,
NoS5, 22 May) it is strange that the incidence of leukaemias is not discussed in the
report’s executive or by Hamm et al, 1984”.

“Although one of the CIIT scientists was unable to detect any conversion of ethylene
to EO in an in vitro preparation of rat-liver microsomes (Hamm et al. loc. cit.), two
other metabolic studies indicate that rats and mice can indeed metabolize ethylene to
EO and that both chemicals can lead to the alkylation of proteins and DNA.”

(Rostron, 1986, Fd Chem Toxic, Vol 24 No 1)

Based on the pharmacokinetics of ethylene and its oxide in the rat, Bolt and Filser,
1987 estimated that exposure at an atmospheric concentration of 1000 ppm ethylene
would correspond to a theoretical atmospheric concentration of 5.6 ppm ethylene
oxide. Because of saturation kinetics, exposure concentrations of ethylene above 1000
ppm would not result in further increases in systemic ethylene oxide concentration.
Thus, the above ethylene bioassay could not expose rats to more than 5.6 ppm ethylene
oxide. By extrapolating the tumour/exposure data in the ethylene oxide studies to 5.6
ppm, the investigators concluded that the high ethylene exposures would not result in a
tumour incidence of more than 2% above the background incidence. This lead to the
conclusion that should ethylene pose a carcinogenic threat to the rat by virtue of its
conversion to the oxide, the group sizes normally used in cancer study would be
insufficient to produce statistically significant increases tumour yield at attainable
ethylene concentrations.

(Hopkins, 1993, Fd Chem Toxic, Vol 32 No 2)

Groups of male and female Sprague-Dawley rats, there to five days of age, were
exposed by inhalation to 0 (5 males and 9 females) or 11500 mg/m’ or 10000 ppm (2
males and 10 females) ethylene (purity unspecified) for 8 hours per day on five days
per week for three weeks. One week later, the rats received oral administration of 10
mg/bw Clophen A50 (a mixture of PCBs not otherwise specified) by gavage twice a
week for up to eight additional weeks (promotion) at which time the experiment was
terminated and the livers examined for ATPase-deficient foci. The number of ATPase-
deficient foci in the rats exposed to ethylene did not exceed the control values. In the
same experiment, ethylene oxide, administered as a positive control, produced a
significant increase in the incidence of ATPase- deficient foci in females.

(Denk et al, 1988/TARC 1994)
Summary of chronic toxicity/carcinogenicity

No long-term studies were submitted for the oral route of exposure (or data cited from
the published literature).

There are several summaries in the published literature of a single long-term inhalation
study in the rat. Generally, the authors of these summaries have concluded that there
no evidence of chronic toxicity in this study and no evidence of compound-induced
carcinogenicity. However, some authors have expressed doubts over the interpretation
of the findings in this study (i.e. the mononuclear cell leukaemia). Although IARC
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B.6.6

B.6.6.1

(1994) concluded that the evidence of carcinogenicity in experimental animals and
humans was inadequate, Tornqvist (1994) and Hopkins (1993/OECD: SIDS) stated
that the possible carcinogenic risk from inhaling ethylene should be reconsidered/re-
evaluated based on the potential exposure to ethylene (very high tonnage), the limited
database and the metabolism of ethylene to ethylene oxide.

Reproductive and developmental toxicity studies (11A 5.6)

A multigeneration study has not been submitted instead a summary of a single
generation screening test has been submitted to support the application. The
limitations of such a protocol for the detection of compound-induced post-natal effects
and the small number of animals tested should be noted.

Fertility and post-natal developmental toxicity
Reproduction/Development Toxicity Screening Test (11A 5.6.1)

Rats (10/sex/concentration) were exposed to ethylene (head only) at concentrations of
0, 200 (230 mg/m’), 1000 (1150 mg/m’) or 5000 ppm (5750 mg/m’) for 6 hours daily
(the number of days/week was no stated). The calculated body burden was
approximately 0, 80, 400 and 2000 mg/kg bw/day for the dosing regime. Since the
uptake from the lungs is likely to be in the range of 5-10%, the actual absorbed dose
would be substantially less than the values given above. This study was GLP
compliant and carried out in accordance with OECD Guideline 421
(Reproduction/Development Toxicity Screening Test).

The test material was administered to parent animals for two weeks prior to mating,
during the mating period and until the day prior to necropsy for the males (minimum
28 days) and until day 20 of gestation for the females. The females were allowed to
litter and rear their offspring to day 4, post-partum, when they and their offspring were
killed.

Morbidity, mortality, clinical condition, weights and food intake were observed
throughout the study, and mating was carefully observed. For each female, litter data
and also observations for each offspring were recorded. At termination of the study,
all animals were subject to macroscopic examination for structural or pathological
changes. Ovaries, testes and epididymides of the control and high dose animals were
subject to a histopathological examination.

There were no deaths attributable to the test article, and body weight gain was not
adversely affected during the pre-pairing, gestation or lactation periods. The treatment
had no effect on fertility or fecundity and all females became pregnant. Litter size, sex
ratio, mean pup weight and pup growth and clinical condition were not adversely
affected by treatment.

Necropsy revealed no macroscopic finding suggestive of toxicity due to test article
administration. There was no evidence of any toxic effect on the testis due to test
substance administration and there were no other microscopic findings suggestive of
toxicity due to test article administration.
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b)

B.6.6.2

b)

B.6.6.3

The summary concluded that at nominal concentrations of 200, 1000 or 5000 ppm
there was no evidence of toxicity or adverse effects on male and female reproductive
performance, fertility, pregnancy, maternal and suckling behaviour and growth and
development of the offspring from conception to Day 4, post-partum. The NOEL was
established to be 5000 ppm (equivalent to 5.75 mg/l) with respect to parental toxicity
and foetal and reproductive performance.

(Aveyard, 1996/OECD: SIDS)
Post natal-development

In a published study, newborn rats exposed to a concentration of 2.62 ppm
(approximately 0.003mg/1) for 90-days (continuous inhalation) exhibited a delay in
coat appearance, dentition and eye opening; circulation hypotension, cholinesterase
inhibition and subordination disruption were also reported. It was stated that there was
no information on the quality of this study.

(Krasovitskaya and Mabyarova LK, 1968/OECD: SIDS)
Developmental toxicity studies (I11A 5.6.2)
Developmental study in rats
No studies submitted (or data cited from the published literature).
Developmental study in rabbits
No studies submitted (or data cited from the published literature).
Summary of reproductive toxicity
The reproductive screen test concluded there was no compound induced parental or
foetal toxicity or developmental toxicity over a single generation (i.e. up to 4 days post
partum) at concentrations up to 5.75 mg/l (equivalent to a systemic exposure of 0.575

mg/l). However, some published data (of unknown quality) appears to indicate that
post-natal development could be adversely affected at low dose levels.
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B.6.7 Neurotoxicity studies (11A 5.7)
B.6.7.1 Delayed neurotoxicity studies

Ethylene is not of similar or related structure to those compounds such as the
organophosphates that are capable of inducing delayed neurotoxicity. Therefore,
delayed neurotoxicity studies have not been carried out.

B.6.7.2 Acute and repeat dose neurotoxicity studies
No studies submitted (or data cited from the published literature).
B.6.7.3 Summary of the neurotoxicity studies

No specific neurotoxicity studies have been submitted for evaluation but there are
some indications of treatment-related effects on the nervous system. Two papers by
the same authors have reported changes in the reflex nerve impulses, a decrease in
cholinesterase activity and reduced blood pressure. Although there is no information
on the quality of the investigations or the magnitude of the changes in these two
papers, it should be noted that nerve impulses, cholinesterase activity and blood
pressure have not been routinely investigated in the standard toxicity studies.

B.6.8 Further toxicological studies (1A 5.8)
B.6.8.1 Relevant metabolites (ethylene oxide)

Since ethylene is metabolised to ethylene oxide in experimental animals and humans, a
summary of the submitted published data/information for ethylene oxide has been
included in this evaluation. It should be noted that the majority of data for ethylene
oxide has been primarily generated using the inhalation exposure route.

Ethylene oxide is officially classified by the ECB as a Cat: 2 for carcinogenicity (R45)
and Cat: 2 for mutagenicity (R46). In addition, the literature indicates that ethylene
oxide induces reproductive effects in experimental animals (foetal toxicity in the
presence and absence of maternal toxicity, teratogenicity in mice, sperm effects) and
there is some limited evidence of spontaneous abortions in humans.

Ethylene oxide is also officially classified by the ECB as Toxic by inhalation (R23)
and as an irritant (R36/37/38). The literature also indicates that it can also induce
sensitisation responses.

An updated MSDS (2005) obtained from the internet suggests that ethylene oxide may
be classifiable for acute oral and dermal toxicity (R24 & 25); an acute oral LD50 value
of 72 mg/kg bw is cited by this MSDS.

The current UK cut-off for ethylene oxide in pesticide formulations is the limited of
detection (LOD) and the occupational maximum exposure level is 5 ppm; 8-hour TWA
(EH64 Summary Criteria for Occupational Exposure Levels, as amended by update
supplements up to 2002).

Figure B.6.2 Structure of ethylene of ethylene oxide
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CH,—CH,

ethylene oxide

Chemical name: ethylene oxide.

CAS Number: 75-21-8.

Other names: dihydrooxirene, dimethylene oxide, EO, ETO, 1,2-epoxyethane,
epoxyethane, ethene oxide, oxacyclopropane, oxane, oxidoethane and oxirane.
Molecular weight: 44.05 g/mol.

Octanol/water partition coefficient: Log Kow = -0.30.

Solubility in water: infinitely soluble.

Vapour pressure: 146 kPa @ 20 °C

Physical state: Colourless gas at normal temperature and pressure.

Smell: described as having a characteristic ethereal odour.

Odour threshold: 470 mg/m’ for perception and 900-1260 mg/m” for recognition.
Conversion factors (NTP): i) 1 ppm = 1.8 mg/m?; at 25°C, ii) 0.55 ppm = 1.0 mg/m’.
Methods of production: 1) catalytic oxidation of ethylene with air or oxygen, ii) the
chlorohydrin process.

Ethylene oxide is an important industrial chemical. It is used as an intermediate in the
production of various chemicals (e.g. ethylene glycol & surfactants), as a sterilant, a
fumigant and as a component of pest control products. Gas and liquid forms of
ethylene oxide may be released into the environment during industrial processes and
sterilisation operations (e.g. medical equipment in hospitals). It is also released on
combustion of fossil fuels and is present in tobacco smoke.

Ethylene (a natural plant growth regulator) is degraded to ethylene oxide in certain
plants and by certain micro-organisms. Ethylene oxide is also produced by some

natural sources such as manure and sludge.

Ethylene oxide is used as a sterilant (micro-organisms) and fumigant (insects) on food
stuffs at concentrations that range from 250-1500 mg/litre (ECHC 2001).

The data/information in this section has mainly been taken from the following
publications:

1) International Programme on Chemical Safety (IPCS). World Health Organisation
(WHO). 1985 Environmental Health Criteria 55. Ethylene Oxide (WHO 1985).

i1) Environment Canada & Health Canada. Priority Substances List Assessment
Report (September 2001): Ethylene oxide (ECHC 2001).

ii1) TARC Monograph on the Evaluation of Carcinogenic Risks to Humans (1994).
Some Industrial chemicals, Vol 60 (Ethylene oxide, pages 73-159) (IARC 1994).

iv) IPCS. WHO. Concise International Chemical Assessment Document 54 (2003)
(CICADS 2003).
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B.6.8.1.1

b)

Inevitably, the publications listed above are mainly summarising and citing the same
data and studies. Since there are minor differences in the reporting of the details by
the different sources, individual studies may be cited more than once especially where
additional information has been reported.

Absorption, distribution, excretion and metabolism

Absorption, distribution and excretion

Inhalation studies in mice show that ethylene oxide is very soluble in blood and the
pulmonary uptake is expected to be rapid and to depend only on the alveolar
ventilation rate and the concentration of ethylene oxide in the inspired air. The rate of
uptake of ethylene oxide was 1.1pg/kg bw per min at an exposure level of 1 mg/m’.
This corresponds to nearly 100% absorption of ethylene oxide from 1.1 litre of air per
min and per kg bw which is the reported rate of alveolar ventilation in resting mice.
Approximately 74% of labelled ethylene oxide inhaled by mice was excreted in the
urine within 24 hours in the form of unidentified metabolites.

(Ehrenberg et al, 1974/WHO, 1985)

Ethylene oxide is rapidly distributed throughout the body. In mice, whole body
autoradiograms 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 minutes and 4 hours after exposure, radioactivity was distributed
throughout the body. Directly after inhalation by mice, the highest concentrations of
labelled ethylene oxide were found in the liver, kidney, and lung. The radioactivity in
the liver and kidney dropped exponentially and approached the levels in the lung,
testes, spleen, and brain within 4 hours, indicating rapid metabolism and excretion
(Appelgren et al, 1977). On the basis of tissue alkylation data (Ehrenberg et al, 1976)
or haemoglobin alkylation data (Osterman-Golkar et al, 1976), a half-life of
approximately 10 min was estimated for the first-order clearance of ethylene oxide
from mouse or rat tissues. A similar value for man was estimated on the basis of
haemoglobin alkylation data (Calleman et al, 1978).

(WHO, 1985)

When the degree of protein and DNA alkylation was investigated in mice and rats,
only small variations were observed between the different tissues in the species.
Apparently, most organs receive a more or less equal dose of ethylene oxide after
distribution throughout the body. The extent of protein alkylation was approximately
equal in the lung, liver, kidney, and spleen of mice, 120 min after inhalation of 2 mg
ethylene oxide/m’ air, for 75 min, but in the testes, it was about 50% lower. When the
vapour concentration was increased (up to 59 mg/m”), 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 level of 59 mg/m’
and was relatively constant for at least 3.5 hours following exposure.

(Ehrenberg et al, 1974/WHO, 1985)
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d)

b)

d)

When 0.4 mg ethylene oxide/kg body weight was administered intraperitoneally to
mice, DNA alkylation in the testes and spleen was, respectively, 50 and 40% of that in
the liver, 5 hours after exposure. The approximate half-lives of the alkylation products
were 24 hours in the spleen, 10 hours in the testes, and 12 hours in the liver. For the
spleen, this half-life was found to be shorter in vivo than in vitro, indicating active
removal.

(Segerback, 1983/WHO, 1985)
Metabolism

The available animal data indicate two possible pathways for the metabolism of
ethylene oxide, i.e., hydrolysis to 1,2-ethanediol and conjugation with glutathione
(Fig. B.6.2).

In dogs, peak levels of 13 and 33 mg 1,2-ethanediol/litre blood-plasma were measured
between 1 and 3 hr after intravenous administration of 25 or 75 mg ethylene oxide in
water/kg body weight, respectively. As the half-life for hydrolysis is about 60 h at 40
°C in neutral fresh water, the involvement of an epoxide hydrolase has been suggested,
but this has not yet been confirmed. The peak concentration of 1,2-ethanediol at 25
mg ethylene oxide/kg body weight represented approximately 25% of the dose of
ethylene oxide. Within 24 hr, 7-24% of the dose was excreted in the urine as 1,2-
ethanediol.

(Martis et al, 1982/WHO, 1985)

In the serum of workers exposed to ethylene oxide (0.54-27 m’ air; mean 7.56 m” air,),
for an average of 5.3 years, the blood concentration of 1,2-ethanediol was elevated
compared with that of unexposed controls.

(Wolfs et al, 1983/WHO, 1985)

The results of studies in rats, rabbits and monkeys have shown that some 1,2-
ethanediol is metabolised but most of it is excreted unchanged in urine.

(Gessner et al, 1961; McChessney et al, 1971/WHO, 1985)

When a single dose of 2 mg labelled ethylene oxide in propanediol was administered
intravenously to rats 43% was excreted in urine within 50 hours (41% within 24
hours); 9% as S-(2-hydroxyethyl)cysteine and 33% as N-acetyl- S-(2-
hydroxyethyl)cysteine. Ethylene oxide (1%) and labelled carbon dioxide (1.5%) were
also excreted via the lungs.

(Jones and Wells, 1981/WHO, 1985)

As ethylene oxide can react with chloride ions, and this reaction is acid catalysed, 2-
chloroethanol might be expected to be a metabolite, especially after oral
administration. However, neither 2-chloroethanol (also called ethylene or glycol
chlorohydrin), nor its metabolites have been found in the plasma, tissues, or urine of
species exposed to ethylene oxide.

(Grunow & Altman, 1982/WHO, 1985)
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B.6.8.1.2

a)

b)

B.6.8.1.3

Dermal penetration
In vitro

The permeation rate of a solution of 1% ethylene oxide in water (w/v) through excised
human skin at 30°C was determined to be 0.125 mg/cm?/hour.

(Baumbach et al, 1987/IARC 1994)
In vivo

The range of skin penetration of ethylene oxide was reported to be 1-14% from a
variety of formulated products.

(Kreuzer, 1992/ECHC 2001)
Summary of ADME studies

No ADME studies using oral administration of ethylene oxide have been submitted (or
cited from the literature).

Inhalation and intravenous administration of labelled ethylene indicate that the
excretion occurs mainly via urine. Minor amounts of unchanged parent and labelled
carbon dioxide are excreted via the lungs. Distribution is widespread based on the
protein and DNA alkylation in various organs and tissues (e.g. lung, liver, kidney,
spleen and testes).

Two metabolic pathways have been identified in experimental animals and humans,

the hydrolysis of ethylene oxide to 1,2-ethanediol and conjugation with glutathione to
produce S-(2-hydroxyethyl)cysteine and N-acetyl- S-(2-hydroxyethyl)cysteine.

25



Ethanol addendum - VVolume 3, Annex B.7 : Toxicology of reaction & degradation products September 2008

Figure B.6.3 Proposed pathway for the metabolism of ethylene oxide in mammals
O
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KEY: a) * metabolites identified by Gessnar et al, 1961; McChessney et al, 1971; Jones and Wells, 1981.
b) GSH = glutamylcysteinylglycine. ¢) R =COCEKL d) Taken from WHO, IPCS, Environmental Health
Criteria 55, Ethylene Oxide.
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B.6.8.1.2 Acute toxicity, irritancy and sensitisation

B.6.8.1.2.1 Acute oral toxicity

a)

b)

The acute LD50 values cited for ethylene oxide administered orally (in water) to
rodents were 330 mg/kg bw for male rats and 365 and 280 mg/kg bw for male and
female mice, respectively.

(Smyth et al, 1941; Woodward & Woodward 1971/WHO 1985)
A MSDS (updated 2005) reports an acute LD50 value of 72 mg/kg bw for ethylene
oxide in the rat.

(http://www.physchem.ox.ac.uk/MSDS/ET/ethylene oxide.html)

After oral administration to rats, the difference between 0.1% mortality (325 mg/kg)
and 99.9% mortality (975 mg/kg) was approximately 650 mg/kg body weight.

(Smyth et al, 1941/WHO, 1985)

B.6.8.1.2.2 Acute dermal toxicity

A MSDS (updated 2005) states that ethylene oxide is classified as ‘Toxic in contact
with skin’.
(http://www.physchem.ox.ac.uk/MSDS/ET/ethylene oxide.html)

B.6.8.1.2.3 Acute inhalation toxicity

a)

b)

Ethylene oxide was stated to be toxic by inhalation with 4 hour LC50 values of 1460, 835
and 960 ppm (2672, 1528 and 1757 mg/m”) for rats, mice and dogs, respectively. No
deaths occurred in dogs at 1280 mg/m’. No guinea pigs died after inhalation of ethylene
oxide at a level of 450 mg /m’ air for 8 hours, the majority died at 2400 mg/m’. Guinea
pigs exposed to ethylene oxide at a concentration of 13000 mg/m’ for 2.5 hours were
found lying on their sides and unable to stand.

In the above studies, the respiratory system and nervous system were the main targets in
rodents and dogs. The clinical effects included nasal irritation, scratching the nose, nasal
discharge, lachrymation, salivation, respiratory effects (gasping and laboured breathing)
vomiting and convulsions. The gross findings in animals that died included congestion
and oedema in the lungs, petecchial haemorrhage of the trachea and hyperaemia of the
liver and kidneys and parenchymatous changes in the kidneys.

(Jacobson et al, 1956; Waite et al, 1930/WHO, 1985)

A MSDS (updated 2005) states the LC50 for ethylene oxide in the rat for a 4 hour
exposure was 800 ppm (920 mg/m”).

(http://www.physchem.ox.ac.uk/MSDS/ET/ethylene oxide.html)
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c)

Male and female mice were exposed to concentrations of up to 1600 ppm (2928 mg/m’)
for 4 hours. At 800 ppm (1464 mg/m®), all the males and 4 of the 5 females died within
six days post exposure.

(Jacobson et al, 1956/WHO, 1985)

B.6.8.1.2.4 Skin irritancy

a)

Cotton pads moistened with solutions of 100 or 500 g ethylene oxide/litre water were
applied to shaved rabbit skin under a plastic cover. After an exposure period of six
minutes, skin irritation (with hyperaemia), oedema and scar formation were observed. The
intensity of the response was reported to be roughly proportional to the length of exposure
time (1 - 60 min) and the concentration.

(Hollingsworth et al, 1956/WHO, 1985)

B.6.8.1.2.5 Eye irritancy

a)

A maximal non-damaging concentration of 0.1% ethylene oxide in physiological salt
solution was established after instillation of 0.05 ml solution, every 10 minutes for 6 hours,
into the conjunctival sac of rabbits. The concentration above 1% caused reversible
changes in conjunctiva such as hyperanemia and swelling and irreversible opacity both in
the cornea and in the lens. /n—vitro studies with isolated rabbit cornea were in agreement
with these results.

(McDonald et al, 1973; Edelhauser et al, 1983/WHO, 1985)

B.6.8.1.2.6 Skin sensitisation

a)
b)

No study submitted (or data cited from the published literature).

Ethylene oxide is considered a strong sensitising agent owing to its strong reactivity
with various chemical groups (anaphylaxis and contact dermatitis are reported in
humans).

(Bommer and Ritz, 1987/ECHC 2001)

B.6.8.1.2.7 Summary of acute toxicity, irritancy and sensitisation

A summary of the cited acute toxicity data is presented in Table B.6.3.

A steep dose response curve was evident for ethylene oxide from the reported
mortalities in the acute studies. These studies indicate that the respiratory system, the
nervous system and the liver and kidneys are target organs. It should also be noted
that liquefied or pressurized ethylene oxide gas can cause frostbite damage (Hine &
Rowe, 1981/).

The official ECB classification of ethylene oxide: Cat 2: carcinogenicity, Cat: 2
mutagenicity, Toxic by inhalation (R23) and R/36/37/38 for irritancy.
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Table B.6.3 Summary of the acute toxicity, irritancy and skin sensitisation of ethylene oxide

Study Species Results/comments Classification Reference
Acute oral Rat 72 mg/kg bw. Toxic (R25) physchem.ox.ac.uk
Acute oral Rat Males: 330 mg/kg bw | Harmful (R22) WHO, 1985
Acute oral Mouse & & Q:365 & 280 Harmful (R22)
mg/kg bw, respectively.
Acute dermal NS No details given Toxic (R24) physchem.ox.ac.uk
Acute inhalation Rat 2.672 mg/l Harmful WHO, 1985
(R20 & R37)
Acute inhalation Rat 0.92 mg/1 Toxic physchem.ox.ac.uk
(R20 & R37)
Acute inhalation Mouse 1.528 mg/1 Toxic WHO, 1985
(R23 & R37)
Acute inhalation Dog 1.757 mg/l Toxic WHO, 1985
(R23 & R37)
Skin irritation Rabbit Aqueous solutions Irritating to WHO. 1985
skin (R38)
Skin sensitisation NA Considered to be a
sensitiser based on
chemical reactivity.

Key: a) NS = not stated in MSDS/citation. b) NA = not applicable.

B.6.8.1.3 Short-term toxicity

The cited data for short-term repeat dose toxicity is primarily limited to inhalation
studies.

B.6.8.1.3.1 Oral administration to rats

In a reported subacute study, rats orally exposed to ethylene oxide at 100 mg/kg
bw/day in olive oil for 5 days/week for 3 weeks (15 doses in 21 days). The findings
included loss of body weight, gastric irritation and slight liver damage.

(Hollingsworth et al, 1956/WHO 1985)
B.6.8.1.3.2 Oral administration to mice

No studies submitted (or data cited from the published literature).

B.6.8.1.3.3 Oral administration to dogs
No studies submitted (or data cited from the published literature).

B.6.8.1.3.4 Inhalation exposure data/information for experimental animals

a) Groups of Wistar rats (10-20/sex), guinea pigs (8/sex), rabbits (1-2/sex) and Rhesus
monkeys (1-2 females) were each exposed to concentrations of ethylene oxide at levels
of 0, 90, 200, 370, 640, or 1510 mg/m3, for 7 hours per day/5 day per week. The
female monkeys were not tested at 90 mg/m’ and an additional 3 male monkeys were
tested at 640 mg/m’. The test period varied with the species tested and the severity of

exposure, i.e. approximately 26 weeks at 90 mg/m’; 25-32 weeks at 200 and 370
mg/m’; 7-25 weeks at 640 mg/m’ and 10 days at 1510 mg/m’.
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b)

Guinea pigs, rabbits, and monkeys tolerated 90 and 200 mg/m’ and rats tolerated
exposure to 90 mg/m’ without adverse effects on general appearance, behaviour,
mortality rate, growth, body and organ weight and gross and microscopic examination.
Rats showed elevated mortality rates from 370 mg/m’, rabbits from 640 mg/m® and all
exposed animals died at 1510 mg/m’. Secondary respiratory infection was put forward
as a cause of death in an appreciable number of rats and mice in these studies.

Surviving rats showed increased relative lung weights after 26-27 weeks at 200 and
370 mg/m’. At 370 mg/m’, haemorrhages, hyperaecmia, emphysema, and local
alveolar collapse were observed in these lungs. Lungs of male rabbits also showed
hyperaemia and slight oedema at 370 mg/m’. Even more severe lung injury was seen
in rats at 640 mg/m’ and the higher exposure. Gross respiratory tract irritation was
apparent in all species at 1510 mg/m’.

Delayed reversible effects were observed on the peripheral nervous system. Monkeys
and rabbits exhibited paralysis of the hind legs at 370 mg/m’ and rats at 640 mg/m”.
This was accompanied by atrophy of the muscles of the hind legs (except in rabbits at
370 mg/m’). The effects on the peripheral nervous system were investigated further in
monkeys and loss of both sensory and motor function was noted at levels of 370 and
640 mg/m”.

Significant increases in body weight were also observed in rats, at levels of 200 mg/m’
or more. Rats showed slight but significant increases in the relative weights of kidney
and liver at 370 mg/m’.
(Hollingworth et al, 1956/WHO, 1985)

Groups of 20 male rats and 30 female mice were exposed to concentrations of ethylene
oxide at levels of 0, 180, or 730 mg/m’ for 6 hours/day/5 days per week. The
exposures lasted 26 weeks at 180 mg/m” and 6 weeks at 730 mg/m’. Additional groups
of 15 rats and mice at the higher and 60 rats and mice at the lower exposure level were
used for interim gross pathology.

No clear toxic effects were reported at 180 mg/m’. No pathological changes were
observed except for marked haemosiderosis in the spleen of a few rats at 730 mg/m’.
The highest exposure (730 mg/m’) resulted in death for both species without clinical
signs in mice. Effects on the respiratory and nervous system were shown by rats as
laboured breathing, reddish nasal discharge, diarrhoea, tendency towards a side
position, and dragging of the hind-quarters. Rats also lost weight, which was regained
by survivors.

(Jacobson et al, 1956/WHO, 1985)

Groups of 30 B6C3F1 mice of each sex were exposed to concentrations of ethylene
oxide at 0, 18, 86, 187, or 425 mg/m3 , for 6 hr/day, and 5 days per week. The
exposures lasted for 10 weeks for males and 11 weeks for females. No effects were
observed in relation to survival, body weight, clinical signs, white blood cell count,
serum clinical chemistry, urinalysis and histopathology. At the highest exposure level,
changes at terminal sacrifice included an increased relative liver weight in female
mice, and a decreased testicular weight in males. A decreased relative spleen weight
was observed at 187 and 425 mg/m’ in both sexes. In addition, the red blood cell
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d)

count, the packed cell volume, and the haemoglobin concentrations were decreased at
425 mg/m’. Screening of neuromuscular function at week 6 (5 female mice) and
weeks 10 or 11 (5 mice/sex) revealed altered reflex responses at 425 mg/m’ and a
dose-related trend in alterations of locomotor function from 86 mg/m’ upwards.

(Snellings et al, 1984a/WHO, 1985)

Groups of 3 male beagle dogs each were exposed to concentrations of ethylene oxide
of 180 and 530 mg/m’, for 1-3 days. No effects were observed on mortality rate, body
weight, electrocardiogram, blood-calcium and -urea, icteric index and rectal
temperature. Anaemia was noted at both exposure levels. Effects on the respiratory
and nervous systems were shown at 530 mg/m’, such as hyperaemia and local alveolar
collapse in lungs, vomiting, and occasional slight tremors and transient weakness in
the hind legs. Muscular atrophy was also observed.

(Jacobson et al, 1956/WHO, 1985)

New Zealand rabbits (3 males/dose) were exposed to 0, 18, 90, or 450 mg/m3.f0r 12
weeks. No haematological changes were noted.
(Yager & Benz, 1982/WHO, 1985)

Fischer rats (groups of 3 or 4 animals) were exposed to 90, 270, or 810 mg/m’ for 6
hours per day for 3 days. The white blood cell count was depressed but there was a
poor correlation with exposure level.

(Kligermann et al, 1983/WHO, 1985)

B.6.8.1.3.5 Dermal exposure

No studies submitted (see section B.6.8.1.2).

B.6.8.1.3.6 Summary of short term toxicity

A summary of published short-term toxicity data are presented in Table B.6.4.

Following oral exposure in a subacute study, loss of body weight, gastric irritation and
slight liver damage were evident (no further details).

Following inhalation exposure, mortalities and effects on respiratory system, the
haematological system (including bone marrow), the nervous system, ocular lens, liver
and kidneys, thymus and spleen and the testes were reported. A dose-related in crease
in pulmonary adenoma was also seen in mice after 6 mounts of exposure.
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Table B.6.4 Subchronic effects of exposure to ethylene oxide, presented in tabulated form (taken

from IARC 1994)

Species

| Exposure

Effects

General toxicity

Wistar rats

)

0 & 500 ppm (915 mg/m’),
6 hours/day, 5 days/week for 13
weeks.

500 ppm
i) Decrease in glutathione reductase in the

brain, liver, ocular lens and erythrocytes (and
glutathione).

ii) Increase in lipid peroxidation in the liver
(malondialdehyde liver).

iii) Anaemia (normocytic and normochromic)
decrease in the haemoglobin concentration.

iv) Disturbance of porphyrin-haem metabolism.
v) Decrease in hepatic cytochrome P450.

Wistar rats

(3 &%)

0 & 250 ppm (458 mg/m’),
6 hours/day, 5 days/week for 17
weeks.

250 ppm
i) Decrease in hepatic cytochrome P450 in

males.

ii) Decrease in hepatic glutathione reductase
and an increase in glutathione-S-transferase
(both sexes).

ii1) Increase in hepatic NADPH-cytochrome ¢
reductase and liver weight in females.

iv) Increase in hepatic glutathione peroxidase.

B6C3F1
mice

(3 &%)

0-250 ppm (0-458 mg/m°),
6 hours/day, 5 days/week for 10
weeks (3) or 11 weeks (Q).

250 ppm

i) Decrease in spleen weight and an increase in
liver weight in females.

ii) Decrease in absolute testicular weight.

iii) Slight decrease in haemoglobin
concentration and erythrocyte count.

100 ppm (183 mg/m®)

i) Decrease in spleen weight in females.

“B6C3F1
mice

(3 &%)

0-600 ppm (0-1098 mg/m’),
6 hours/day, 5 days/week for 14
weeks.

600 ppm (1098 mg/m®)

i) Renal tubular necrosis.

ii) Lymphocytic necrosis of the thymus and
spleen in males.

200-600 ppm (366-1098 mg/m”)

i) Rhinitis of the nasal cavity.

100-400 ppm (366-1098 ma/m?)

i) Renal tubular degeneration.

Also dose-related epithelial damage in the nasal
portion of the respiratory tract.

C57BL/6J
mice (&)

0 & 255 ppm (467 mg/m’),

6 hours/day, 5 days/week for 16
days; 6 hours/day, 5 days/week
for 4-10 weeks.

255 ppm
General depression of cellularity in blood and

bone marrow (with large fluctuations) and
transient increase in granulocytes.

ddY mice
(&

0 & 400 ppm (732 mg/m’),
6 hours/day, 3 days/week for 13
weeks.

400 ppm
i) Macrocytic anaemia

i1) Two-fold increase in hepatic cytochrome
P450

iii) Increase in ferricyanide reductase.

iv) Decrease in hepatic glutathione reductase
and glutathione peroxidase.

v) Increase in hepatic glutathione-S-transferase.

Key: a) US National Toxicology Program (1987).
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Table B.6.4 Subchronic effects presented in tabulated form (taken from IARC)

Neurotoxicity

months.

Species Exposure Effects
Wistar rats | 0 & 250 ppm (458 mg/m’), 250 ppm
(& 6 hours/day, 5 days/week for 9 1) Preferential distal axonal degeneration of

myelinated fibres in sural nerves and gracile
fascicles.

Wistar rats

(3 &%)

0 & 250 ppm (458 mg/m’),
6 hours/day, 5 days/week for 17
weeks.

250 ppm
1) Paresis of hindlegs

ii) Degeneration of myelinated fibres in the
peroneal nerve, the nerve of the soleus muscle
and gracile fascicles.

iii) No sex differences.

Wistar rats

0 & 500 ppm (915 mg/m’),

500 ppm

) 6 hours/day, 3 days/week for 13 | i) Ataxic gait after 6 weeks
weeks. ii) Preferential distal axonal degeneration of

myelinated fibres in hindleg nerves and gracile
fascicles.
iii) Decrease in creatine kinase activity in
serum, brain and spinal cord after four weeks.

B6C3F1 0-250 ppm (0-458 mg/m°), 0-250 ppm

mice 6 hours/day, 5 days/week for 10 | i) Dose-related trend in reduction in locomotor

(3 &9) weeks (3) or 11 weeks (Q). activity and abnormal reflexes.

ii) No microscopic findings.

B.6.8.1.4 Genotoxicity

Ethylene oxide is an alkylating agent and is considered to be a mutagen in
experimental animals and humans. It has consistently displayed genotoxic activity in
almost all in-vitro and in vivo studies reviewed by the cited publications (see B.6.8.9

for human data/information).

B.6.8.1.4.1 In vitro testing

(IARC 1994)

Ethylene oxide is an alkylating agent. It has induced gene mutations in plant, bacteria,
fungi, insect, mammalian and human cells (in vitro investigations with and without
metabolic activation). Numerous studies in mammalian cells are reported in the
literature showing gene mutations, micronucleus formation, chromosome aberrations,
cell transformation, unscheduled DNA synthesis, DNA strand breaks and sister
chromatid exchanges.

B.6.8.1.4.2 In vivo genotoxicity in somatic cells

(WHO 1985 & IARC 1994)

The available in vivo studies have reported positive results following administration by
ingestion, inhalation or intraperitoneal injection of ethylene oxide. Genotoxic activity
has been reported in rats, mice, rabbits and monkeys and includes the endpoints list

below.

1) Formation of DNA adducts (haemoglobin used as a surrogate for DNA adducts) in

brain, kidney, lung and spleen (rats and mice).
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i1) Gene mutations in rat and mouse splenic T-lymphocytes (HPRT locus) and in the
lung (lacl locus) of transgenic mice.

1i1) Sister chromatid exchanges in lymphocytes (rabbits, rats and monkeys) and bone
marrow cells (rats and mice).

iv) The induction of sister chromatid exchanges appears to be a more sensitive
endpoint than chromosome aberrations and the formation of micronuclei.

v) Micronucleus formation in bone marrow cells (rats and mice).
vi) Chromosome aberrations in lymphocytes (monkey) and bone marrow cells (rats

and mice).
(WHO 1985 & IARC 1994)

B.6.8.1.4.3 In vivo studies in germ cells

a)

b)

d)

Ethylene oxide also induces heritable mutations or effects in germ cells. Dose-related
damage to germ cells was established in the mid and late spermatid stages in a mouse
dominant lethal assay after one oral dose of 150 mg/kg body. After short-term
repeated exposures, dominant lethal effects were induced in mice at intraperitoneal
doses from 40 mg/kg body weight (5 times per week for 3 months) and at inhalation
exposures from 460 mg/m’, (6 hours/day, 5 days per week for 11 weeks). Heritable
translocations were induced in the germ cells of mice after repeated intraperitoneal
exposure at doses of 30 mg/kg body weight (administered on 5 days/week over a 5-
week period).

(Generoso et al, 1980 & 1983/WHO, 1985)

An abstract stated that DNA repair was induced in the germ cells of mice exposed to
540 mg/m’ for 8 hr. The repair seemed inhibited at higher exposures.

(Cumming & Michaud, 1979/WHO, 1985)

Ethylene oxide has induced DNA single strand breaks in mouse sperm and spermatids,
dominant lethal effects in mice and rats, chromosome aberrations in mouse
spermatocytes.

(IARC 1994)

In two studies, male mice were exposed to ethylene oxide by inhalation under similar
exposure conditions but using different mating regimens and examining different
genetic events. In one study, there were no significant increases in the frequency of
specific locus mutations in the offspring (Russell et a/, 1984) while dominant visible
and electrophoretically detected mutations were observed in another (Lewis et al,
1986).

(IARC 1994)

B.6.8.1.4.4 Summary of genotoxicity studies

Ethylene oxide is a potent mutagen in different cell lines and experimental animals. It
forms DNA adducts and induces gene mutations, chromosome aberrations, cell
transformation, unscheduled DNA synthesis, DNA strand breaks, sister chromatid
exchanges, dominant lethal mutations and heritable translocations.
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B.6.8.1.5 Long-term toxicity and carcinogenicity

Ethylene oxide has been tested in rats (1 oral and 2 inhalation studies) and in mice (2
inhalation studies, 1 topical application study and 1 subcutaneous injection study).
However, since most of the studies focussed on carcinogenicity, ethylene-induced non-
neoplastic effects have not been investigated extensively.

B.6.8.1.5.1 Dietary studies in rats

a)

Groups of 50 female Sprague Dawley rats were orally (gavage) administered 7.5 or 30
mg/kg bw/day ethylene oxide in salad oil. The rats were dosed twice a week for 110
weeks. In addition, there were 50 vehicle controls, 50 untreated controls and 50
positive controls. No statistical analysis was reported.

The mean survival period was over 100 weeks for all groups. The mortality rate
increased at 30.0 mg/kg body weight from week 100 onward. Elevated incidences of
tumours were only observed in the forestomach, the first tumour appearing in week 79.
The incidences of squamous cell carcinomas were 0/50, 8/50, and 29/50 at 0, 7.5, and
30 mg/kg bw/day, respectively. At 30 mg/kg bw/day, invasive growth and metastases
were observed in 10 rats and 2 fibrosarcomas were also noted. At 7.5 and 30 mg/kg
bw/day, the incidences of hyperplasia, hyperkeratosis, papillomas and/or carcinomas
were increased in the forestomach.

(Dunkelberg, 1982/WHO, 1985)

B.6.8.1.5.2 Inhalation studies in rats

a)

In a combined toxicity-carcinogenicity study, groups of 120 male and 120 female
Fischer 344 rats were exposed to ethylene oxide at concentrations of 18 mg/m’ (10
ppm), 58 mg/m’ (32 ppm), and 173 mg/m’ (96 ppm) for 6 hours per day, 5 day per
week, over 25 months. In addition, two control groups each comprising 120 male and
120 female rats were used. There was an exposure-free period of 2 weeks in month
15, because of infection with sialoacryoadenitis virus. Interim sacrifices occurred at 6,
12, and 18 months.

The mortality rates of male and female rats increased significantly from the 22" or
23" month, at the highest exposure, with a trend towards an increase at a level of 58
mg/m’. Male and female body weights were depressed at 173 mg/m’ from the end of
the first week until the end of the study. At 58 mg/m’, the body weights of female rats
were decreased between week 10 and 80.

The ophthalmologic examinations did not reveal any abnormalities.

Haematological changes were found in rats at all doses but mainly at the end of the
study in animals exposed to 173 mg/m’. These changes included an elevated
leukocyte count in both sexes, a depressed red blood cell count and depressed
haemoglobin values in females (some of these rats had leukaemia).

In females, the relative liver weights were increased in the 18" month at 173 mg/m’.

This effect on the liver could not be related to increases in the activities of serum
alkaline phosphatase, aspartate aminotransferase, or alanine aminotransferase found

35



Ethanol addendum - VVolume 3, Annex B.7 : Toxicology of reaction & degradation products September 2008

b)

mainly at the 2 highest exposures during interim sacrifices. Relative spleen weights
were increased in rats that developed leukaemia.

Non-neoplastic histopathological changes observed included an elevated frequency of
focal fatty metamorphosis of the adrenal cortices in both sexes and bone marrow
hyperplasia in females at 173 mg/m’. Although no effect was observed on the hind-
quarter lift reflex (examined monthly), mild skeletal muscular atrophy was observed
after 2 years of exposure to 173 mg/m”.

Neoplastic findings included increased incidences of leukaemia, peritoneal
mesotheliomas, brain tumours and fibroma and the earlier appearance of pituitary
tumours. A dose-related increased incidence of mononuclear cell leukaemia was
found in both sexes, significant at the 2 highest exposures in females from the 18" or
19™ month onwards. Trend test revealed a treatment-related response in both sexes. In
males, an increased incidence of peritoneal mesotheliomas originating from the
testicular mesothelium occurred at 58 and 173 mg/m’ from the 23" month onwards.
An increased incidence of subcutaneous fibroma was seen in male rats exposed to 173
mg/m’ that had survived for 24 months. Trend analysis showed that there was a
treatment-related increase in peritoneal mesothelioma. There was no increased
incidence of pituitary tumours but they appeared earlier in the 173 mg/m’ group.

Following an increased incidence of brain tumours in Fischer 344 rats exposed to
ethylene oxide (Lynch et al, 1984a), the brain tissue from this study was re-examined
both macro- and microscopically. A dose-related incidence of primary brain tumours
was observed at 58 and 173 mg/m’ that appeared to be treatment related in the trend
test but was not statistically significant. The tumours were mainly diagnosed as
gliomas and malignant reticular tumours. The percentage of rats with multiple
neoplasms was greater than in controls at all exposure levels in females and at 173
mg/m’ in males. At 58 and 173 mg/m’, the percentage of female rats with at least one
malignancy was increased. It was considered that a contribution of the viral outbreak
to the toxicity of ethylene oxide was unlikely.

(Snellings et al, 1981 & 1984b/WHO, 1985)

In a combined toxicity-carcinogenicity study, groups of 80 male Fischer 344 rats were
exposed to ethylene oxide at concentrations of 92 mg/m’ (51 ppm) and 182 mg/m’ (101
ppm), for 7 hours/day on 5 days per week for 2 years. The control group also
comprised 80 rats. There was an exposure-free period of 2 weeks in month 16 because
of a pulmonary infection, which contributed to the mortality rate.

The mortality rate increased at both exposure levels, the increase being significant at
182 mg/m’. At 182 mg/m’, only 19% of the rats survived 2 years of exposure
comEared with 49% in the unexposed group. Body weights were reduced from the 3™
or 4" month onwards.

Serum aspartate aminotransferase activity was increased in rats exposed to 92 and 182

mg/m’. No other changes were found in the haematological or clinical chemistry
parameters.
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Relative weights of the adrenal and brain were increased at both exposure levels and
the relative weights of lung and kidney were increased at 92 mg/m”.

Non-neoplastic histopathological changes included an elevated incidence of
vacuolisation and hyperplasia or hypertrophy in the adrenals at both exposure levels
and of atrophy and degeneration of skeletal muscle fibres at 182 mg/m’. There were
also increased incidences of inflammatory lesions of the lungs, nasal cavities, trachea
and internal ear at both exposure levels. Eye cataracts developed in 2/77 (2.6%), 3/79
(3.8%) and (11.5%) at 0, 92 and 182 mg/m3, respectively.

Neoplastic findings included increased incidences of leukaemia, peritoneal
mesotheliomas and brain tumours. An increased incidence of mononuclear cell
leukaemia was found which was significant at the lower exposure level. The absence
of a dose-relationship was attributed to the increased mortality rate at 182 mg/m”.
Dose-related increased incidences of peritoneal mesotheliomas (originating from the
testicular mesothelium) and of mixed-cell gliomas in the brain were found. The
increases in both tumours were significant at 182 mg/m”.

(Lynch et al, 1984a/WHO, 1985)

B.6.8.1.5.3 Inhalation studies in mice

a)

b)

B6C3F1 mice (50/sex) were exposed to ethylene oxide at concentrations of 0, 50 (92
mg/m’) or 100 ppm (183 mg/m’) for 6 hours/day, five days/week for 102 weeks.

No treatment-related clinical signs were reported. However, there were significant
dose-related increases in the incidences of tumours. There was a dose-related increase
in the incidence of alveolar/bronchiolar carcinoma [6/50, 10/50, and 16/50 in males
(0/49, 1/48 and 7/49 in females) at 0, 50 and 100 ppm, respectively]. The incidences
of cystadenoma in the Harderian gland were increased 1/43, 9/44, and 8/42 in males
(1/46, 6/46 and 8/47 in females) at 0, 50 and 100 ppm, respectively]. In females, there
were dose-related increases in the incidence of malignant lymphomas of the
haematopoietic system (9/49, 6/48 and 22/49 at 0, 50 and 100 ppm, respectively) and
uterine adenocarcinoma (0/49, 1/47 and 5/49 at 0, 50 and 100 ppm, respectively). The
incidence of mammary adenocarcinoma and adenosquamous carcinoma combined was
(1/49, 8/48 and 6/49 at 0, 50 and 100 ppm, respectively.

(US National Toxicology Program, 1987/IARC 1994 & ECHC 2001)

Female A/J mice (considered to be highly susceptible to lung tumours) were exposed
to ethylene oxide at concentrations of 128 and 366 mg/m” for 6 hours/day, 5
days/week, for 6 months. A dose-related increase in pulmonary adenomas was
observed (only lungs examined).

(Adkins et al, 1986/ECHC 2001)
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B.6.8.1.5.4 Other studies in mice

a)

b)

Subcutaneous exposure

Groups of 100 female NMRI mice were injected once a week with a tricaprylin
solution containing 0.1, 0.3, or 1.0 mg ethylene oxide per animal, for 106 weeks. There
were 200 vehicle controls and 200 untreated controls. From week 35 to week 85, the
mortality rate increased by a maximum of 10% at a dose of 1.0 mg per mouse. The
mean length of survival in this group was 75 weeks. An elevated incidence of tumours
was only observed at the injection site, the first tumour appearing in week 79. There
was a dose-related increased incidence of sarcomas, mainly fibro sarcomas, which was
significant at 0.3 and 1.0 mg per mouse. The tumour incidence was 11% at the highest
dose compared with 2% in vehicle controls.

(Dunkelberg, 1981/WHO, 1985)
Dermal exposure

Each of a group of 30 female Swiss Millerton mice received, for their lifetime,
approximately 100 mg of a 10% solution of ethylene oxide (purity 99.7%) in acetone,
brushed on the clipped dorsal uncovered skin, 3 times a week. A group of 60 mice did
not receive any treatment and a group of 60 mice received the vehicle only. Skin
tumours were not found, nor were there any sign of skin irritation. The median length
of survival was 493 days for treated mice and 445 days for controls. It is assumed that
ethylene oxide, applied in this manner, evaporated rapidly from the skin.

(Van Duuren ef al, 1965/WHO, 1985)

B.6.8.1.5.5 Summary of chronic toxicity/carcinogenicity

Chronic toxicity

The main emphasis of the available chronic investigations was focussed on the
carcinogenic activity of ethylene oxide. There are limited information/data on the non-
neoplastic effects of ethylene oxide.

In rats, the mortality rate and the incidences of hyperplasia and hyperkeratosis in the
forestomach was increased following oral exposure. Following inhalation exposure,
the mortality rate was increased, body weights decreased, inflammatory lesions of the
lungs, nasal cavities, trachea and internal ear were increased and the development of
eye cataracts. The haematological changes included elevated leukocyte counts in both
sexes. In addition, bone marrow hyperplasia, depressed red blood cell counts and
haemoglobin values were seen in females. Serum aspartate aminotransferase activity
was increased. The relative weight of several organs was increased (brain, liver, lung,
kidneys and adrenals). The microscope changes in the adrenals included an increased
frequency of focal fatty metamorphosis, vacuolisation and hyperplasia or hypertrophy
in the adrenals and atrophy and degeneration of skeletal muscle.

Chronic non-neoplastic investigations in mice are not reported.
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B6.8.1.6

Carcinogenicity

Following oral exposure, a dose-related increase in the incidence squamous cell
carcinomas in the forestomach was reported in rats at 7.5 & 30 mg/kg bw/day
(invasive growth and metastases were also reported at the high dose).

Following inhalation exposure, there were significant dose-related increases in several
tumour types of tumours in rats (leukaemia, peritoneal mesotheliomas, brain tumours
and subcutaneous fibroma) and mice (alveolar/bronchiolar carcinoma, malignant
lymphomas of the haematopoietic system, uterine adenocarcinoma and mammary
adenocarcinoma and adenosquamous carcinoma). It is also noteworthy that pituitary
tumours appeared earlier in rats and that an increase in lung tumours was reported in
mice after only 6 months of exposure.

Following subcutaneous injections to mice, there was a dose-related increased
incidence of sarcomas, mainly fibro sarcomas, at the injection sites. No skin tumours
(or skin irritation) were found in mice after long-term dermal exposure but it was
assumed that ethylene oxide evaporated rapidly from the skin.

Overall conclusions

The extensive evidence of genotoxicity (in vitro and in vivo effects) and
carcinogenicity (a variety of tumours in rats and mice and the evidence of the early
appearance of certain tumours in rats and mice) indicates that ethylene oxide is a
potent genotoxic carcinogen in experimental animals. A NOAEL for ethylene oxide-
induced tumours cannot be established for oral or inhalation exposure. The non-
neoplastic effects of ethylene have not been fully investigated but appear to occur at
dose levels above tumour induction.

Reproductive toxicity

No reproductive studies using oral administration were submitted (or cited from the
published literature). The following studies used inhalation exposure.

B.6.8.1.6.1 Multigeneration studies in rats (I11A 5.6.1)

a)

Fischer 344 rats (30/sex) were exposed to ethylene oxide at concentrations of 18, 58 or
173 mg/m’, for 6 hours/day, 5days per week, over 12 weeks. Two control groups of
30 rats per sex each exposed to air only. After mating, females were further exposed
for 7 days/week for up to three weeks after delivery with the exception of the first 5
days of lactation. The percentages of pregnant females and fertile males were not
affected by ethylene oxide exposure. The number of pups per litter, the number of
implantation sites per female and the number of foetuses born per implantation site
were decreased at 173 mg/m’. In addition, the number of females with a gestation
period longer than 22 days was also increased at this concentration but no effects were
noted on the average length of the gestation period. Neither parents nor pups showed
signs of toxicity from ethylene oxide.

(Snellings et al, 1982a/WHO, 1985)
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B.6.8.1.6.2 Developmental toxicity studies (I11A 5.6.2)

b)

b)

Developmental studies in rats

Groups of Sprague Dawley rats (32-45 females) were exposed to ethylene oxide at
concentrations of 0 or 270 mg/m’ for 7 hours/day. They were exposed on days 7-16 of
gestation (Group 1) or on days 1- 16 of gestation (Group 2) or during 3 weeks before
mating (5 per week) and on days 1 - 16 of gestation (Group 3).

No dams died during the study but body weights were decreased in Group 3. In all
exposed groups, the relative and absolute weights of kidney and spleen were increased.
The results of histopathological examination did not show any abnormalities. There
was a significant increase in resorptions per litter and per implantation site in Group 3
but no significant effects on the number of implants, live foetuses or pregnancies. In
all exposed groups, the weights and the lengths of the foetuses were decreased.
Reduced ossification of sternebrae and skull was observed.

(Hackett et al, 1982/WHO, 1985)

Groups of Fischer 344 rats (22 females) were exposed to ethylene oxide at
concentrations of 18, 58, or 173 mg/m’, for 6 hours/day on days 6-15 of gestation. Two
control groups comprising 22 rats each were exposed to air only. The numbers of
pregnant dams ranged from 17 to 22. Maternal behaviour was normal, and there were
no deaths. The only effect on the foetuses was a 5-8% decrease in weight at 180
mg/m’.

(Snellings et al, 1982b/WHO, 1985)
Developmental studies in mice

Groups of CD-1 mice (24-37 females) each received intravenous injections of ethylene
oxide at doses of 0, 75 or 150 mg/kg bw in an aqueous dextrose solution on days 4-6,
6-8, 8-10 or 10-12 of pregnancy.

Dams exposed on days 6-8 of pregnancy did not show toxic signs but there was a 20%
decrease in foetal weight. In all the other groups at the top dose, clinical signs of
toxicity were observed and included increased mortality (19-48%), weakness, laboured
respiration and tremor. Foetal malformations were shown in 19.3% of foetuses in
exposed litters compared with 2% in control groups. These malformations were
mainly fused cervical arches. In addition, fused thoracic arches, scrambled and fused
sternebrae and fused, branched, or missing thoracic ribs were observed.

(Laborde & Kimmel, 1980/WHO, 1985)

Exposure of F1 female mice (C3H x C57B1 or SEC x C57B1) mated with F1 males
(C3H x C57B1) to ethylene oxide at a concentration of 2196 mg/m’ for 1.5 hours
could produce different results depending on the timing of exposure. Females were
exposed at 1, 6, 9 or 25 hours after timed 30 minute matings. These time intervals
correspond to time of sperm penetration, early pronuclear stage (before DNA
synthesis), pronuclear DNA synthesis and early two-cell stage, respectively. It was
noted that maternal toxicity was not reported despite the high concentrations used.
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Exposure at 1 or 6 hours increased the number of mid-gestational and late foetal deaths
but few effects were seen after 9 hours and none were seen after 25 hours. A large
proportion of the foetuses that survived after exposure at 6 hours had a range of
congenital malformations including omphalocoele, hydropia, open thorax, and limb
and tail defects (37% versus 2% in controls). Malformations were also seen in
foetuses exposed at 1 hour but not those exposed at 9 or 25 hours. In a later study,
with identical exposure protocols but more detailed foetal examination, an increased
incidence of malformations was found after exposure at 1, 6, 9 and 25 hours. Other
females exposed to ethylene oxide for up to 14 days before mating had mainly an
increase in early embryonic death around the time of implantation, probably as a result
of dominant lethal mutations.

(Generoso et al, 1987; Rutledge and Generoso, 1989/IARC 1994)

Developmental studies in rabbits

New Zealand rabbits were exposed to ethylene oxide at a concentration of 270 mg/m’
from days 1-19 or from days 7-19 of gestation. There was no evidence of toxicity in
the mothers, embryos, or foetuses, or of any developmental defects.

(Hackett et al, 1982/WHO, 1985)

B.6.8.1.6.3 Effects on sperm and reproductive tissues/organs

a)

b)

Wistar rats (12 or 6 males/dose) were exposed to ethylene oxide at concentrations of 0,
91.5, 183, or 457.5 mg/m’ for 6 hours/day on fine days/week for 13 weeks. At 457.5
mg/m’, epididymal but not testicular weight was reduced, there was slight
degeneration in some seminiferous tubules, a reduced sperm count in the body and tail
but not the head of the epididymus and an increase in sperm head abnormalities due
mainly to the presence of immature sperm. An increase in malformed sperm heads
unrelated to dose was observed in all treated groups over that in control (15% versus
2%).

(Mori et al, 1991/IARC 1994)

Male Cynomolgus monkeys were exposed to ethylene oxide at concentrations of 0, 90
or 180 mg/m’ for 7 hours/day on 5 days/week for 2 years. A decline in sperm count
and mobility was observed at both dose levels but the incidence of abnormal sperm
heads did not change.

(Lynch et al, 1984c/WHO)

B.6.8.1.6.4 Summary of reproductive toxicity

No data/information has been submitted (or cited from the literature) on the
reproductive toxicity of ethylene oxide via the oral exposure route. However, there are
sufficient data/information generated by studies using inhalation exposure to establish
that ethylene oxide is a reproductive toxin that affects fertility and development in
experimental animals (some effects are evident in the absence of maternal toxicity). In
mice, there is clear evidence of teratogenic activity after intravenous injections and
evidence that mutagens can induce foetal malformations and death when administered
around the time of fertilisation. Sperm abnormalities have been reported in rats and
monkeys following inhalations exposure to ethylene oxide.
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B.6.8.1.7 Neurotoxicity studies

No specific neurotoxicity studies have been submitted (or cited from the literature).
All the reported effects of ethylene oxide on the nervous system in experimental
animals have been observed and reported in standard repeat-dose inhalation studies.

B.6.8.1.7.1 Repeat dose neurotoxicity studies

a)

b)

d)

In a limited, poorly reported study in rabbits and monkeys, paralysis of the hind limbs
was observed in both species accompanied by atrophy of the leg muscles, following
exposure to > 370 mg/m’ for periods ranging from 7 to 32 weeks (exact exposure
periods were not clearly specified).

(Hollingsworth et al, 1956/ECHC, 2001)

In sub chronic or chronic studies, in rats exposed to ethylene oxide a concentrations
between 458-915 mg/m’ there was a range of neurological effects including awkward
or ataxic gait, paralysis and atrophy of the muscles of the hind limbs, accompanied in
some cases by pathological evidence of axonal degeneration of myelinated fibers in
nerves of the hind legs.

(Hollingsworth et al, 1956 & Other workers/ECHC, 2001)

Poor coordination of the hind quarters was observed in rats and mice following
exposure to ethylene oxide at 810 mg/m’ for 7-8 weeks.

(Snellings et al 1982/ECHC, 2001)

Abnormal posture during gait and reduced locomotor activity were also observed in
mice after exposure to ethylene oxide at concentrations ranging from 86 to 425 mg/m”,
for 6 hours/day on 5 days/week for 10 or 11 weeks. Effects on various reflexes
(righting, tail pinch, toe pinch) were also noted at the highest concentration examined.

(Snellings et al 1984a/ECHC, 2001)

In two studies of male cynomolgus monkeys exposed to ethylene oxide at
concentrations of 92 or 183 mg/m’ for 2 years, histological alterations in the axons
within the nucleus gracilis of the medulla oblongata and demyleination of the
fasciculus gracilis within the medulla were observed.

(Sprinz et al, 1982/Lynch et al, 1984b/ECHC, 2001)

B.6.8.1.7.2 Summary of the neurotoxicity studies

There is no data/information on the neurotoxicity of ethylene oxide via the oral
exposure route. There is sufficient data/information generated by studies using
inhalation exposure to establish that ethylene oxide is a neurotoxin in experimental
animals.
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B.6.8.1.8 Other toxicological data/information

B.6.8.1.8.1 Mode of action

Ethylene oxide is an electrophilic agent that alkylates nucleophilic groups in biological
macromolecules, 1.e. including DNA and protein (e.g. haemoglobin & albumin). It is
considered likely that the toxicological effects of ethylene oxide arise primarily from
the direct alkylation of macromolecules.

Since ethylene oxide is formed during the metabolism of ethylene (a natural body
constituent) both endogenous and exogenous sources of ethylene and ethylene oxide
will contribute to the background alkylation of macromolecules.

(CICADS 54, 2003 & IARC 1994)

B.6.8.1.8.2 Ethylene oxide detected in food stuffs and cosmetics and on medical devices

a)

b)

d)

Ethylene oxide was detected in 96 of 204 (47%) samples of food products taken from
retail stores in Denmark in 1995 (Jensen, 1988). The reported concentrations reflect
the total amount of ethylene chlorohydrin and ethylene oxide present at the time of
analysis. These concentrations ranged from <0.05 to 1800 mg/kg in the individual
samples without correction for recoveries. Ethylene oxide was detected frequently
among 24 samples of spices at a mean concentration of 84 pg/g and a maximum
concentration of 580 pg/g.

(Jensen, 1988/ECHC 2001)

Ethylene oxide was detected, but not quantified, in 1 of 2372 samples of eggs and in 1
sample of 3262 samples of fish collected in the United States in 19975 as part of the
Food and Drug Administration Monitoring Program (1970-1976).

(Duggan et al, 1983/ECHC 2001)

Ethylene oxide may be present as a contaminant of skin care products. Current
commercial preparations of polyglycol ethers may contain residues of ethylene
monomer up to approximately 1 pg/g.

(Filser et al, 1994/ECHC 2001)

Ethylene oxide monomer in skin care products have been reported at 1.9 to 34
nmol/cm’ (0.08 to 1.5 mg/l) and a range of maximum skin penetration of ethylene
oxide of 1-14% in various product formulations.

(Kreuzer, 1992/ECHC 2001)

Ethylene oxide may be absorbed by medical equipment during sterilization and may
remain there as unchanged compound or as one of its reaction products (WHO, 1985).
Studies show that residual concentrations of ethylene oxide in medical equipment
immediately following their sterilization have ranged up to 1 or 2%. These
concentrations generally declined rapidly after a few days aeration, although levels
exceeding 100 ppm (183 mg/m’) were sometimes measured following aeration.

(Gillespie et al, 1979 & 1980/ECHC 2001)
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B.6.8.1.9 Human data/information

B.6.8.1.9.1 Absorption, distribution, metabolism and excretion

a)

b)

d)

Ethylene oxide is very soluble in blood and readily taken up by the lungs;
approximately 20-25% of inhaled ethylene oxide reaching the alveolar space is exhaled
as unchanged compound and 75-80% is taken up by the body and metabolised. The
half-life in the body has been estimated to be less than 1 hour.

(Brugnone et al, 1986; 1988; Filser et al, 1992/TARC 1994)

Pharmacokinetic data obtained form experimental animals to calculate the internal
dose of ethylene oxide in man obtained from daily exposure. For a man exposed for 8
hours to ethylene oxide at 1 ppm (1.8 pg/litre), the area under the concentration-time
curve in blood plasma was estimated to be 18.8 pg/hour/ml on the basis of data for rats
and 14.3 pg/hour/ml on the basis of dog data.

(Beliles and Parker, 1987/IARC 1994)

The blood concentrations of ethylene glycol were in sterilisation personnel exposed to
ethylene oxide. The mean concentrations of ethylene glycol in blood in exposed
worker (90 mg/litre) were twice that in unexposed workers (45 mg/ml).

(Wolfs et al, 1983; Brown et al, 1996 & Other workers/IARC 1994)

The concentration of thioesters excreted in urine collected from sterilisation workers at
the end of sterilisation processes was twice that in non-smoking personnel.

(Burgaz et al, 1992/TARC 1994)

In vitro investigations suggest that the human population can be divided into
conjugators (75%) and non-conjugators (25%) based on enzymic conjugation of
ethylene oxide with glutathione in erythrocytes.

(Hallier et al, 1993/TARC 1994)

44



Ethanol addendum - VVolume 3, Annex B.7 : Toxicology of reaction & degradation products September 2008

f)

2

h)

Ethylene oxide is an electrophilic agent that alkylates nucleophilic groups in biological
macromolecules, e.g. DNA and haemoglobin. There are numerous published studies
that have investigated the formation nitrogen adducts (hydroxethyl adducts of valine,
cysteine and histidine) in the haemoglobin of workers occupationally exposed to
ethylene oxide. Ethylene oxide binding to DNA primarily results in the formation 7-
(2-hydroxethyl) guanine adducts but other adducts have been identified at lower levels.
DNA extracted from lymphocytes of unexposed individuals had mean background
levels of 7-(2-hydroxethyl) guanine that ranged between 2-8.5 pmol/mg DNA. It has
been reported that human tissue contains 10- to 15-fold higher levels of endogenous 7-
(2-hydroxethyl) guanine adducts than rodents.

(Bolt, 1996; Bolt et al, 1997; Wu et al, 1999a/CICADS 2003)

Ethylene oxide is metabolised by hydrolysis to ethylene glycol and conjugation with
glutathione (both are considered to be detoxification pathways). The hydrolysis
pathway predominates in larger species such as the rabbit and dog while the
conjugation pathway predominates in rodents. A physiologically based
pharmacokinetic (PBPK) model for the dosimetry of inhaled ethylene oxide has
calculated that 80%, 60% and 20% would be metabolized via glutathione conjugation
in mice, rats and humans, respectively. This appears to be consistent with the levels of
glutathione S-transferase enzyme (GSTT1) activity (mice>rats>humans); ethylene
oxide is a substrate for the human GSTT1 enzyme. Higher levels of haemoglobin
adducts have been reported in exposed individuals (workers and smokers) with the
GSTTI1 ‘null genotype’ (homozygous deletion of the GSTT1 gene) than among those
with a GSTT]1 ‘positive genotype’ (at least one copy of the GSTT1 gene).

(Yong et al, 2001; Fennell and Brown, 2001; Pemble ef al, 1994/CICADS 2003)

Reports on two PBPK models for ethylene oxide in rodents and humans indicate that
ethylene oxide is a direct acting alkylating agent in humans and rodents via the same
mode of action (i.e. the quantitative differences between humans and rodents result
from differences in basic physiology rather than mode of action).

(Csandy et al, 2000; Fennel and Brown 2001; Pemble et al, 1994/CICADS 2003)

B.6.8.1.9.2 Acute toxicity, skin and eye irritation and sensitisation

a)

b)

Five sterilizer operators were exposed accidentally to ethylene oxide at concentrations
high enough to be smelt (odour threshold 1280 mg/m”®) for periods up to 0.5 hours.
Two operators suffered headache and diarrhoea which resolved after about 70 hours.
Three operators suffered irritation of the eyes and throat, mouth dryness, pruritus,
headache, vertigo, myasthenia, indigestion and haemolysis which had resolved within
21 days of the exposure. Haemolysis diagnosed on days 9-11 lasted until day 16.

(Deleixhe et al, 1986/IARC 1994)

Acute effects on the nervous system in nearly all inhalation cases were marked by
nausea, recurrent vomiting, and headache. Less frequently reported effects included
decreased consciousness (one case of coma), excitement, sleeplessness, muscular
weakness, diarrhoea, and abdominal discomfort.
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d)

2

h)

(Capellini and Ghezzi, 1965 and Other workers/WHO, 1985)

Accidental skin exposure to a 1% aqueous solution, from the waist down, was reported
to result in effects on the nervous system (nausea and repeated vomiting).

(Sexton and Henson, 1949/WHO 1985)

Burns on the hands were attributed to gloves containing residual traces of ethylene
oxide used for sterilization. Mild skin irritation has been reported after exposure to 1%
aqueous solutions of ethylene oxide. Dermal irritation is characterised by erythema,
oedema and the formation of vesicles and has been observed after contact with
ethylene oxide-sterilized materials and clothing.

(Fisher, 1988/IARC 1994)

Skin and eye irritation in sterilizer operators were associated with exposures to
ethylene oxide at concentrations up to 19.6 mg/m”.
(Bryant et al, 1989/IARC 1994)

Exposure to ethylene oxide can cause irritation of the mucous membranes of the
respiratory passages.
(Thiess, 1963/ECHC 2001)

Ethylene oxide is a sensitising agent. Type I (mild to severe anaphylactic reactions)
and Type IV (contact dermatitis) hypersensitivity reactions have been observed in
patients who received dialysis treatment with equipment that had been sterilized with
ethylene oxide.

(Bommer and Ritz, 1987/IARC)

Severe respiratory problems due to inflammatory reactions in the trachea and larynx
were reported inpatients who had received endotracheal intubation with tubes sterilised
with ethylene oxide.

(Mantz et al, 1972 and Other workers/WHO 1985)

B.6.8.1.9.3 Genetic effects

b)

Numerous studies have shown that ethylene oxide induces chromosome aberrations,
micronuclei and sister chromatid exchanges in humans and the extent of the damage is
related to the level and duration of exposure.

Increased incidences of sister chromatid exchange have been reported in peripheral
blood lymphocytes of hospital sterilisation workers exposed to 1 ppm ethylene oxide
(8 hour TWA) and concentrations between 0.5-25 ppm for various durations.

(Yager at al, 1983; Stolly et al, 1984; Tates et al, 1991a/IARC 1994)

Increased incidences of chromosome aberrations have been reported in lymphocytes of
sterilisation workers. It has been stated that ethylene oxide exposures above 9 mg/m’
are required to induce chromosome aberrations.

(Galloway at al, 1986/IARC 1994)
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c)

d)

Increased incidences of micronuclei have been reported in factory workers, i.e. in
lymphocytes at concentrations of 25-720 9 mg/m’, in erythroblasts and polychromatic
erythrocytes in bone marrow samples at a concentration of 1 ppm for 0.5 to 8 years and
in exfoliated nasal mucosa cells following accidental exposures.

(Tates at al, 1991a; Hodstedt et al, 1983; Sarto et al, 1990/IARC 1994)

Mutations at the HPRT locus in circulating lymphocytes of factory workers have been

reported in one study.
(Tates at al, 1991b/IARC 1994)

B.6.8.1.9.4 Neurological effects

a)

b)

d)

Several studies in sterilizer operators have associated ethylene exposure with
symptoms of peripheral and central neurotoxicity. In cases of peripheral neuropathy,
the symptoms included numbness in feet and fingers, muscular weakness in the lower
limbs, a reduction in sural nerve velocity, nerve fibre degeneration, and demyelination.
Central nervous system effects were implied on the basis of personality dysfunction
and cognitive impairment.

(Schroder et al, 1985 and Other workers/IARC)

Because of a leaking sterilizer, 4 young men were exposed intermittently, for 2-8
weeks, to ethylene oxide at levels of approximately 1000 mg/m’. Three of the men
developed a reversible peripheral neuropathy showing abnormal nerve conduction and,
in 2 cases, headache, weakness and decreased reflexes in the extremities,
incoordination, and a wide-based gait. The fourth man developed a reversible acute
encephalopathy with headache, nausea, vomiting, lethargy, recurrent motor seizures,
agitation and a diffusely slow electroencephalogram. Following this, 6 more cases
were reported concerning sterilizer operators, suffering from reversible peripheral
neuropathy following ethylene oxide exposure for 0.5-1.5 years.

(Gross et al, 1979/WHO 1985)

Three people exhibited subacute polyneuropathy with bilateral foot-drop, slowing of
nerve conduction velocity and enervation potential on electromyography as the main
findings. All 3 people had noticed the smell of ethylene oxide regularly at work while

2 persons experienced eye irritation.
(Finelli et al, 1983/WHO 1985)

Polyneuropathy was also reported in 3 sterilizer operators. Two of these cases were
described in detail. Sural nerve biopsies revealed axonal degeneration with mild
changes in the myelin sheath and unmyelinated fibres were also involved. Muscle

biopsies showed typical denervation atrophy.
(Kuzuhara et al, 1983/WHO 1985)
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B.6.8.1.9.5 Reproductive effects

a)

b)

The rate of spontaneous abortions was significantly higher (P<0.05) in Finish hospital
workers associated with ethylene oxide exposure (20.4%) than in controls (11.3%).
Randomly selected Californian dental assistants (aged 18-39) examined for the
occurrence of spontaneous abortion and pre- (27-37 weeks) and post-term births (> 42
weeks) in relation to ethylene oxide exposure. Ethylene exposed women were stated
to be 2.7 times more likely to have any of the three adverse effects after adjusting for
age.

(Hemminki et al, 1982; Rowland et al, 1996/CICADS 2003)

One paper reported an increased risk of spontaneous abortion in Finish women whose
partners had been exposed to ethylene oxide. Paternal exposure was based upon the
job and industry in which the men were employed (no quantitative exposure data).
The number of spontaneous abortions (n=3) and pregnancies (n=10) in the paternal
group was small and confounding factors, such as previous abortions, alcohol and
tobacco consumption were not considered in the analysis.

(Lindbolm et al, 1991/CICADS 2003)

B.6.8.1.9.6 Occupational exposure

a)

b)

The health status of 37 male operators from an ethylene oxide-producing plant in the
USA during the period 1953-62 was compared with that of age-matched operators
from other production units. The average employment period was 11 years for
exposed workers and 12 years for controls. The usual average exposure level was
between 9 and 18 mg/m’ with occasional peaks up to 230 mg/m’ for one particular job
(collecting a sample of the product). According to the medical records, the health of
the exposed workers was somewhat better than that of the controls. A physical
examination and extensive clinical tests did not reveal any exposure-related effects
with the exception of a slightly increased white blood cell count.

(Joyner, 1964/WHO 1985)

Chromosomal damage was found in a group of 12 workers from a hospital sterilization
facility in the USA. The maximum exposure concentration measured during
sterilization was 65 mg/m’. Another group of 12 persons, who worked in the adjacent
operating room area, volunteered as representatives of an unexposed or accidentally
exposed group. To ensure adequate control throughout the study, unexposed
laboratory staff members served as a third group. Frequently-reported subjective
complaints indicated irritation of the mouth, throat, and eyes, and effects on the
nervous system, such as headache, nausea, speech difficulty, memory loss, dizziness
and incoordination.

(Garry et al., 1979/WHO 1985)

In Belgium, a group of 18 workers, using or distributing the sterilant ethylene oxide,
were compared with a well-matched control group by means of a questionnaire, and by
analyses for urinary retinol-binding protein and albumin, beta-microglobulin, and
chromosomal damage in lymphocytes. The overall mean exposure level was 7.6
mg/m’ and the time-weighted average exposure, over a working day, ranged between
0.2 and 95 mg/m’. A significant increase in the incidence of sleeplessness and leg
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d)

g)

h)

cramps 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
lymphocytes.

(Wolfs et al, 1983; Laurent et a/, 1984/WHO, 1985)

In a plant in Bulgaria, 196 workers engaged in the production of ethylene and ethylene
oxides were examined. About 73% of all concentrations of ethylene oxide measured
were 1 mg/m’ or less while 27% were between 1 mg/m’and 3.5 mg/m’. Significant
increases were found in deviations of the autonomous nervous system and in neurosis-
like manifestations, especially in female workers but woman may be more prone to
neuroses. Because of a mixed exposure was difficult to evaluate the findings.

(Spasovski et al, 1980/WHO, 1985)

Haematological changes were reported in a group of 27 workers in an ethylene oxide
manufacturing and processing plant, in Sweden, in 1967. The exposure period varied
from 2 to 20 years, the average length being 15 years. Controls worked with ethylene
oxide in other departments where no leakages were likely. No exposure data were
reported. When 2 cases of anaemia were excluded, there was still a significantly
decreased haemoglobin value in exposed workers. There was a 30% increase in the
number of lymphocytes, and one case of chronic lymphatic leukaemia was noted in the
exposed workers.

(Ehrenberg & Hallstrom, 1967/WHO, 1985)

In the Federal Republic of Germany, 279 employees from 8 plants in which alkene
oxides were produced or processed, were examined for morbidity during 1978. They
were employed for an average of 10.8 years. Of these workers, 21 had been involved
in accidents with ethylene oxide. Taking into account age and length of exposure, they
were compared with groups of industrial and clerical workers within the same
company. No abnormalities were found that could be related to ethylene oxide or
propylene oxide. Lymphocytosis and increases in haemoglobin and erythrocyte
volume were attributed to age or smoking. The exposure concentrations were not
reported. The workers were also exposed to many other chemicals, some of which
may be carcinogenic for man.

(Stoker & Thiess, 1979/WHO, 1985)

Haematological effects were observed among a group of 59 women exposed to
ethylene oxide released from sterilizers while employed in nine hospitals in the USA
and one hospital in Mexico. Compared with unexposed controls, US workers (exposed
to a mean 8-hour TWA exposure of 0.31 mg/m’ with a range of 0.24-0.55 mg/m’)
exhibited a statistically significant increase in the percentage of lymphocytes and a
reduction in the percentage of neutrophils in the blood). No statistically significant
effects were found in Mexican workers.

(Schulte ef al, 1995/CICADS 2003)

Haematological effects were not observed in a group of 84 male workers involved in
the manufacture of ethylene oxide and exposed to estimated concentrations of <1.83
mg/n’.

(Currier et al, 1984/CICADS 2003)
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)

k)

D

Haematological effects were not observed in a group of 36 male workers involved in
the manufacture of ethylene oxide with estimated 8-hour TWA exposures below 0.09
mg/m’.

(van Sittert et al, 1985/CICADS 2003)

A study in 46 Israeli hospital workers exposed (at three locations with a mean period
of employment of 6.6 years) to 145- to 210 minutes TWA concentrations of <0.02-0.1
mg/m’ found statistically significant haematological effects compared to 88 non-
occupational exposed controls (matched for age, sex and smoking habits). There were
increases in the absolute mean numbers of erythrocytes, monocytes and eosinophils,
increases in the haematocrit and reductions in the absolute mean numbers of
lymphocytes and platelets.

(Shaham et al, 2000/CICADS 2003)

Lens opacities and cataracts were assessed in French hospital workers exposed to
ethylene oxide at concentrations of 0.11 mg/m’ during a 97-minute exposure to 71
mg/m’ during a 2.5 minute exposure. There were no differences between the exposed
and control groups in the case of lens opacities. However, cataracts were observed in
six exposed people compared to none in the controls (lens opacities have been reported
in monkeys exposed to 100 ppm for up to 24 months).

(Deschamps et al, 1990/CICADS 2003)

Following accidental exposure (4 hours/day for 4 days), to concentrations of ethylene
oxide high enough to be smelt, one worker out of five developed persistent non-
immunological asthma, probably induced by extensive epithelial injury which lead
finally to fibrosis (no further information on the outcome).

(Deschamps et al, 1992/IARC 1994)

B.6.8.1.9.7 Case and epidemiological studies

Numerous summaries of case and epidemiological studies are presented in the
submitted publications (IARC 1994, ECHC 2001 & CICADS 2003).

In epidemiological studies, the most frequently reported association in workers
exposed to ethylene oxide has been with lymphatic and haematopoietic cancer. The
workers studied fell mainly into two groups: 1) people using ethylene oxide as a
sterilant, ii) chemical workers manufacturing (either by the chlorohydrin process or
more recently by the catalytic oxidation of ethylene) or using the compound in other
processes. In general, people involved in sterilization are less likely to have
occupational exposure to other chemicals.
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B.6.8.1.10 Summary and conclusions

Ethylene oxide is an electrophilic agent. It is considered likely that the toxicological
effects of ethylene oxide arise primarily from the direct alkylation of macromolecules
(e.g. DNA and proteins).

The majority of data for ethylene oxide has been primarily generated using the
inhalation exposure route. Only limited data are available for ethylene oxide
administered via the oral route.

Oral exposure

The acute oral LD50 values for ethylene oxide were stated to be 330 mg/kg bw for
male rats and 365 and 280 mg/kg bw for male and female mice, respectively. In a
subacute rat study, the findings included loss of body weight, gastric irritation and
slight liver damage. The only long-term rat study (gavage dosing) reported a dose-
related increase in the incidence of squamous cell carcinomas in the forestomach at all
dose levels tested.

Other routes of exposure (primarily inhalation exposure)

Ethylene oxide is very soluble in blood and the pulmonary absorption is expected to be
rapid and extensive. Excretion is also rapid and occurs mainly via urine while minor
amounts of unchanged parent and labelled carbon dioxide are excreted via the lungs.
Distribution is widespread based on the protein and DNA adducts in various organs
and tissues. Two metabolic pathways have been identified, the hydrolysis of ethylene
oxide to 1,2-ethanediol and conjugation with glutathione to produce S-(2-
hydroxyethyl)cysteine and N-acetyl- S-(2-hydroxyethyl)cysteine.

Following acute exposure to ethylene oxide, the respiratory system, the nervous system
and the liver and kidneys were identified as target organs. Ethylene oxide is a potent
eye, skin and respiratory irritant and a sensitiser.

In the short-term studies, mortalities and effects on respiratory system, the
haematological system (including bone marrow), the nervous system, ocular lens, liver
and kidneys, thymus and spleen and the testes were reported. A dose-related in crease
in pulmonary adenoma was also seen in mice after 6 mounts of exposure.

Ethylene oxide is an alkylating agent and is considered to be a mutagen in
experimental animals and humans. It forms DNA adducts and induces gene mutations,
chromosome aberrations, cell transformation, unscheduled DNA synthesis, DNA
strand breaks, sister chromatid exchanges, dominant lethal mutations and heritable
translocations.

The chronic findings in rats included deaths, reduced body weight, inflammatory
lesions of the lungs, nasal cavities, trachea and internal ear and the development of eye
cataracts. There were several reports of haematological changes (including bone
marrow changes) and changes in some serum enzyme activities. Organ weight
changes were also reported. The microscopic findings included lesions in the adrenals
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and atrophy and degeneration of skeletal muscle. No chronic non-neoplastic findings
in mice were reported.

Dose related neoplastic changes were evident in rats and mice following long-term
inhalation exposure. There were significant dose-related increases in several tumour
types of tumours in rats (leukaemia, peritoneal mesotheliomas, brain tumours and
subcutaneous fibroma) and mice (alveolar/bronchiolar carcinoma, malignant
lymphomas of the haematopoietic system, uterine adenocarcinoma and mammary
adenocarcinoma and adenosquamous carcinoma). It is also noteworthy that pituitary
tumours appeared earlier in rats and that an increase in lung tumours was reported in
mice after only 6 months of exposure.

Following subcutaneous injections to mice, there was a dose-related increased
incidence of sarcomas at the injection sites. No skin tumours (or skin irritation) were
found in mice after long-term dermal exposure but it was assumed that ethylene oxide
evaporated rapidly from the skin.

The extensive evidence of genotoxicity (in vitro and in vivo effects) and
carcinogenicity (a variety of tumours in rats and mice and the evidence of the early
appearance of certain tumours in rats and mice) indicates that ethylene oxide is a
potent genotoxic carcinogen in experimental animals.

In the rat multigeneration study, there were reductions in the number of pups per
litter, the number of implantation sites per female and the number of foetuses born per
implantation site and an increase in the length of the gestation period. An increase in
resorptions per litter and per implantation site were also noted in the rat
developmental study together with reduced foetal weight and length and reduced
ossification of sternebrae and skull was observed. In mice, there is clear evidence of
teratogenic activity (severe skeletal malformations) after intravenous injections and
evidence that mutagens can induce foetal malformations and death when administered
around the time of fertilisation. Effects on sperm and reproductive tissues have been
reported in rats and monkeys. There are sufficient data/information to establish that
ethylene oxide is a reproductive toxin that affects fertility and development in
experimental animals (some effects are evident in the absence of maternal toxicity).

There are numerous reports of adverse neurotoxicity in a range of experimental
animals that include effects on reflexes, reduced locomotor activity, ataxia, limb
paralysis, muscle atrophy, axonal degeneration in the limbs and histological alterations
of the medulla oblongata of primates.

The data base for ethylene oxide in rodents and humans indicate that ethylene oxide is
a direct acting alkylating agent in humans and rodents via the same mode of action (i.e.
the quantitative differences between humans and rodents result from differences in
basic physiology rather than mode of action).

There are numerous reports of ethylene oxide-induced effects in humans/workers and
include irritation of the eyes, skin and throat, mouth dryness, pruritus, headache,
vomiting, vertigo, myasthenia, indigestion, diarrhoea and haemolysis. Less frequently
reported effects included decreased consciousness (one case of coma), excitement,
sleeplessness, muscular weakness, diarrhoea, and abdominal discomfort. Ethylene
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B.6.8.2

oxide is also a sensitising agent and induces Type I (mild to severe anaphylactic
reactions) and Type IV (contact dermatitis) hypersensitivity reactions and
inflammatory reactions in the trachea and larynx.

Occupational exposures to ethylene oxide have resulted in reports of a wide range of
serious adverse effects that include haematological effects, a possible increase in
ocular lens cataracts, symptoms of peripheral and central neurotoxicity, increases in
chromosome aberrations, micronuclei and sister chromatid exchanges and spontaneous
abortions. In addition, ethylene oxide exposure of workers has frequently been
associated with lymphatic and haematopoietic cancer.

In 1994, IARC concluded that there was limited evidence in humans for the
carcinogenicity but there was sufficient evidence in experimental animals for the
carcinogenicity of ethylene oxide. The overall conclusion of IJARC 1994 was that
ethylene oxide is carcinogenic to humans (Group 1) when the following evidence was
taken into consideration.

Ethylene oxide is a directly acting alkylating agent that:

1) persistently induces dose-related increases in the frequency of chromosome
aberrations and sister chromatid exchange in lymphocytes and micronuclei in bone
marrow cells of workers;

i1) has been associated with malignancies of the lymphatic and haematopoietic system
in humans and experimental animals;

ii1) induces dose-related increases in the frequency of haemoglobin adducts in humans
and dose related increases in the number of adducts in DNA and haemoglobin in
exposed rodents;

iv) induces gene mutations and heritable translocations in germ cells in exposed
rodents;

v) is a powerful mutagen and clastogen at all phylogenetic levels.
Adduct formation in experimental animals

The ethylene metabolite, ethylene oxide, reacts with nucleophilic centres in protein and
DNA. The haemoglobin adducts N-(2-hydroxyethyl)histidine and N-(2-
hydroxyethyl)valine have been used as internal dose monitors for the formation of
ethylene oxide from ethylene. In male CBA mice, it has been reported that 7-8% of
inhaled ethylene is metabolised to ethylene oxide. These mice were exposed to
ethylene at concentrations below 23 mg/m’ (20 ppm) at which first-order kinetics of
metabolism can be assumed. The value is equal to the alveolar retention of ethylene at
steady state and is similar to the values calculated for rats and humans. The levels of
the haemoglobin-hydroxyethyl valine adduct was determined in Fischer rats and
Syrian hamsters exposed for six months to gasoline and diesel exhausts. In hamsters,
the levels of haemoglobin-hydroxyethyl valine adduct increased almost linearly with
dose. At the highest dose, the levels were similar in male rats and hamsters and in
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b)

female rats and hamsters. The values were about 50-90% of those predicted from data
on mice and indicated that ethylene behaves similarly in these species.

(Ehrenberg et al, 1977; Segerback, 1983/IARC 1994)

Ethylene oxide is present in cigarette smoke and smokers have higher haemoglobin
adduct levels (average of 170 pmol/g of globin) than non-smokers (average of 20 pmol/g
of globin). The adduct levels in non-smokers indicate widespread background
exposures. Ethylene formed endogenously may contribute to this background. The
highest adduct levels have been found in ethylene production workers (up to 16000
pmol/g of globin). Patients treated with cytostatic drugs that transfer hydroxyethyl
groups also show elevated adduct levels (e.g. 330 pmol/g of globin for nimustine a
chloroethyl nitroso urea derivative). Based on the hydroxyethyl valine adduct levels for
smokers (10 cigarettes/day; 120 pmol/g of globin), non-smokers (50 pmol/g of globin)
and steriliser operators (0.2-8.5 ppm; median value of 16.2 pmol/g of globin with a
range of 5.2-32.7 pmol/g of globin) were reported.

(B-G-G 2003)

B.6.8.3 Human data (Ethylene exposure)

B.6.8.3.1 Volunteer studies (ADME)

a)

The inhalation pharmacokinetics of ethylene was investigated in human volunteers at
atmospheric concentrations of up to 50 ppm (0.1575 mg/1) by gas uptake in human
volunteers in a closed spirometer system. The uptake, exhalation and metabolism, can
be described by first-order kinetics. Uptake of ethylene into the body was low.
Clearance due to uptake, which reflected the transfer rate of ethylene from the
atmosphere into the body, was 25 litres per hour for a man of 70 kg. This value
represented only 5.6% of the experimentally obtained alveolar ventilation rate of 150
litres per hour. The majority (94.4%) of ethylene inhaled into the lungs was exhaled
again without becoming systemically available via the blood stream.

Maximal accumulation of ethylene in the same man, determined as the thermodynamic
partition coefficient whole body:air was 0.53. The concentration ratio at steady state
was even smaller (0.33), owing to metabolic elimination. Clearance due to
metabolism, in relation to the concentration in the atmosphere, was calculated to be

9.3 litres per hour for a man of 70 kg. This indicates that at steady state about 36% of
systematically available ethylene was eliminated metabolically and 64% was
eliminated by exhalation as the unchanged substance, as could be calculated from the
values of clearance of uptake and of clearance of metabolism. The biological half-life
was 0.65 hr. The alveolar retention of ethylene at steady state was calculated to be 2-
3%. From theoretical considerations of the lung uptake of gases and vapours, it could
be deduced that the low uptake rate of ethylene was due to its low solubility in blood
(Ostwald's solubility coefficient for human blood at 37°C: 0.15). This summary stated
that ethylene gives rise to minute levels of ethylene oxide and that the maximum
conversion of ethylene to ethylene oxide in humans was estimated to be 4 %.

(Filser et al, 1992/OECD:SIDS)
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B.6.8.3.2

a)

b)

d)

B.6.8.3.3

b)

Occupational exposure

Personal and stationary monitoring of ethylene in a company where this gas was used
for controlling the ripening of bananas showed air concentrations to be in the range of
0.02-3.85 mg/m’ (0.02-3.35 ppm) with an estimated average concentration of 0.35
mg/m’ (0.3 ppm).

(Torngvist et al , 1989a/IARC)

Exposure to fire-fighters during the ‘knockdown’ phase of a fire showed a
concentration of 53 mg/m’ (46 ppm) ethylene; none was detected during the ‘overhaul,
phase. In laboratory studies, ethylene has been detected as a thermal degradation
product of polyethylene and polypropylene.

(Hoff et al, 1982; Jankovic et al, 1991/IARC)

In a preliminary study, the miscarriage rate (6/15 pregnancies) in Swedish workers in
five local petrochemical plants was higher than 1549 woman from outside the industry.
Ethylene was the main product in four 4/5 of the petrochemical plants. No data were
provided on occupational levels but measurements made in areas surrounding the
plants indicated that ethylene was present in concentrations up to 10-fold higher that
the other main pollutants (propylene, ethane, propane and phenol).

(Axelsson and Molin, 1988/BIBRA Toxicity Profile 1993)

A brief abstract notes that there was a higher than expected rate of miscarriage and
gynaecological disease among female operatives of a polyethylene plant who were
exposed to ethylene concentrations in the range of about 40-60 ppm and high levels of
noise.

(Yakubova ef al, 1976/BIBRA Toxicity Profile 1993)
Environmental exposure

Ethylene concentrations in ambient air and remote rural sites worldwide are generally
in the range of <1-5 pg/m’. In urban and indoor air contaminated with combustion
products, ethylene concentrations range up to 1000 pg/m’.

(Seinfeld, 1989; Colbeck & Harrison, 1985; Sawada & Totsuka, 1986/IARC)

Vehicle exhaust emissions make a significant contribution to urban air concentrations
of ethylene. Several authors have monitored traffic emissions which ranged from 93-
212 mg/km and 9.8-405 5 pg/m’ depending on the site sampled (e.g. urban intersection
or tunnel).

(Bailey et al, 1990a & b; Barrefors & Petersson, 1992/IARC)

Smoking is also a significant source of exposure to ethylene (1-2 mg ethylene are
released per cigarette). The exposure of the average smoker is roughly 10 times that
from urban air pollution. In two studies, the ethylene levels in tavern air were 56 and
110 pg/m’ while the corresponding outdoor air concentrations at the time were 16 and
12 pg/m’.

(Person et al, 1988; Lofroth et al, 1989/IARC)
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d)

B.6.8.3.4

B.6.8.3.5

a)

b)

Plants that normally produce ethylene at 0.6-6 pg/kg fresh weight per hour may
produce up to 120 pg/kg per hour during ripening of fruits and during senescence and
loss of leaves.

(Dorffling, 1982; Tille et al 1985/IARC).
Endogenous formation

Endogenous production of ethylene can be deduced from its exhalation by unexposed
subjects. For a man of 70 kg, a mean production rate of 32 nmol/hour (0.9 pg/hour)
and a corresponding mean body burden of 0.011 nl/ml tissue [equivalent to 0.44
nmol/kg bw or 0.012 pg/kg bw] was calculated for ethylene gas. The amount of
ethylene in the breath of women is increased significantly at the time of ovulation. No
difference was observed in the basal ethylene outputs of non-pregnant and pregnant
women and of men.

(Filser et al, 1992; Harrison, 1981/IARC)
Adduct formation

The haemoglobin adducts N-(2-hydroxyethyl)histidine and N-(2-hydroxyethyl)valine
have been used as internal dose monitors for the formation of ethylene oxide from
ethylene in humans. Higher levels of adducts were found in cigarette smokers than in
non-smokers and ethylene and ethylene oxide were considered to be major causes of
the elevated adduct levels.

(Tornqvist et al, 1986b & 1989a/IARC 1994)

Non-smoking fruit store workers exposed occupationally to atmospheric ethylene at
0.023-3.85 mg/m’ (0.02-3.35 ppm) while ripening bananas had levels of 22-65 pmol/g
haemoglobin-(hydroxyethyl valine) whereas non-smoking controls had 12-27 pmol/g
haemoglobin-(hydroxyethyl valine). On the basis of a mean exposure concentration of
0.345 mg/m’ (0.3 ppm), it was estimated that about 3% (range 1-10%) of inhaled
ethylene as metabolized to ethylene oxide. This percentage is in agreement with the
alveolar retention at steady state calculated from pharmacokenitics. An increment of
100-120 pmol/g haemoglobin-(hydroxyethyl valine) was estimated for a time-weighted
average exposure (40 hours/week) to 1.15 mg/m’ (1 ppm) ethylene. On the basis of
the relationship between haemoglobin-(hydroxyethyl valine) levels and exposure
levels of ethylene and ethylene oxide, the amount of ethylene metabolised to ethylene
oxide can be calculated; 1 mg ethylene/kg bw is equivalent to a tissue dose of ethylene
oxide of 0.7 x 10 mol x h/I (0.03 mg x h/kg bw). This value is in agreement with the
value of 0.5 x 10 mol x h/1 that can be calculated from the pharmacokinetic data for
ethylene and ethylene oxide published by Filser ef a/, 1992.

(Torngvist et al, 1988 & 1989a; Kautiainen & Tornqvist, 1991; Filser et al, 1992/IARC 1994)
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C) The following tabulated exposure data was presented in an article reviewing the
current position with respect to some biomarkers and volatile organic chemicals
(mainly 1,3-butadiene).

Table B.6.5 Haemoglobin adduct levels (N-terminal hydroxyethyl valine) in smokers and non-

smokers and in subjects with occupational exposure.

4Controls Exposure groups
Type of exposure Exposure Adduct level
concentration (average, range)
Ethylene (pmol/g globulin)
Non-smokers Occupational 0.3 (0.1-1) ppm 43 (22-65)
20 (12-27)
Non-smokers Tobacco smoking 1-25 cigarettes/day 146 (50-335)
16.1 £2.1
Non smokers Tobacco smoking >15 cigarettes/day Maternal blood
63+2.1 361 + 105
New born babies
Newborn babies blood blood)
42+ 18 147 £ 105
Ethylene oxide (pmol/g globulin)
14-26 | Occupational Low: 28 ppm/week | 84-2070

Key a) Background levels (average, range or mean = SD). b) See B.6.8.3.5 b above.

The accumulation of stable haemoglobin adducts during prolonged exposure is the result
of daily increments to the adduct level and daily losses due to the removal of the oldest
fraction of the erythrocytes from the circulation. After exposure for a period of time
exceeding 126 days in humans, a steady-state adduct level is attained. Thus, the
measurement of stable adducts gives information on exposure during the months before
blood sampling. Tates et al (1995) studied hydroxyethylvaline adducts in haemoglobin
of four workers accidentally exposed to high concentrations of ethylene oxide. The
adduct levels decreased linearly over time and reached background levels after
approximately 110 days. Contrary to protein adducts, DNA adducts are subjected to
repair and their stability varies considerably between cell type. In the absence of
information on adduct stability, DNA adduct measurements give only qualitative
information on exposure.

(http://www.ehponline.org/members/1996/Suppl-5/osterman-golkar-full.html)
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b)

B.6.9

B.6.9.1

The internal levels of dissolved and absorbed ethylene in Anjou pears during ripening
have been determined. No exogenous ethylene was applied in order to establish the
endogenous level in the natural ripening process. In pears, the reported internal ethylene
concentrations ranged from 0.02-44.66 pl/1.

(Wang and Mellenthin, 1972)
Medical data and information (I11A 5.9)

The following medical data and information for ethylene was provided. The
data/information in this section has not been assessed by the RMS.

Medical surveillance of manufacturing plant personnel (All 5.9.1)

Personal and stationary monitoring of ethylene in a company where ethylene was used
for controlling the ripening of bananas showed air concentrations to be in the range of
0.02 - 3.35 ppm (0.02 - 3.85mg/m’). In a study on exposure of firefighters, samples
taken during the “knockdown” phase of a fire showed a concentration of 46 ppm (53
mg/m’) ethylene. A study was carried out among workers at a Swedish petrochemical
plant in order to assess the amounts and effects of ethylene exposure. The study was
carried out in two parts, part one in 1989 and part two in 1993. Eight workers exposed
to high levels of ethylene (4 mg/m’) and 3 workers exposed to lower levels (0.1 - 0.3
mg/m’) were compared to nine controls exposed to 0.01 mg/m’. All exposed workers
showed elevated levels of haemoglobin adducts and adduct formation was dose-
related. The results indicated that about 1% of the inhaled ethylene was metabolized to
ethylene oxide. Part two of the study, which included four workers, was designed to
more accurately determine exposure level, which had a mean of 4.5 mg/m’. The
results confirmed part one, showing that about 1% of inhaled ethylene was metabolised
to ethylene oxide and the maximum fraction to be converted was estimated to be 4%.

There have been two preliminary but independent reports of increased miscarriage
rates among women working in the petrochemical industry. Elevated ethylene
concentrations were mentioned as a possible reason, but this has not been confirmed.
No firm conclusions can be drawn from these reports. A preliminary study found no
increase in lung cancer incidence in 31 workers exposed to ethylene (at unspecified
levels) at a US petrochemical factory. However, due to the limited number of exposed
workers in this study no conclusions regarding ethylene not causing cancer can be

58



Ethanol addendum - VVolume 3, Annex B.7 : Toxicology of reaction & degradation products September 2008

B.6.9.2

drawn. A study of workers at an US petrochemical plant found that an increased risk
of developing brain cancer was associated with exposure to (unspecified levels of) a
number of chemicals including ethylene. However, the investigators were
unconvinced that the association reflected a causal relationship (OECD SIDS).

According to Toxnet (Databases in toxicology and environmental health) HSDB, 2003,
it is estimated that 12,280 workers are potentially exposed to ethylene in the U.S.A.

Clinical cases and poisoning incidents (1A 5.9.2)
Symptoms: dizziness, headache, nausea, and loss of co-coordination.

The following are clinical effects of acute exposure to ethylene, reported in the OECD
SIDS assessment profile for ethylene:

ACUTE EXPOSURE: Simple asphyxiants displace oxygen from the breathing
atmosphere primarily in enclosed spaces and result in hypoxia. Four stages are
described, depending on the arterial oxygen saturation:

1) INDIFFERENT STAGE (% O, Saturation: 90%):
Night vision: decreased
2) COMPENSATORY STAGE (% O, Saturation: 82 to 90%)

Respiratory rate: compensatory increase
Pulse: compensatory increase

Night vision: decreased further
Performance ability: somewhat reduced
Alertness: somewhat reduced

A

Symptoms may begin in those with significant pre-existing cardiac, pulmonary, or
haematological diseases

3) DISTURBANCE STAGE (% O, Saturation: 64 to 82%)

Pt
W= O

[a—
o

VXN R WD —

Compensatory mechanisms become inadequate
Air hunger

Fatigue

Tunnel Vision

Dizziness

Headache

Belligerence

Euphoria

Visual acuity: reduced

Numbness and tingling of extremities
Hyperventilation

Poor judgement

Memory loss

Cyanosis
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Decreased ability for escape from toxic environment
4) CRITICAL STAGE (%0, Saturation: 60 to 70% or less):

1. Deterioration in judgement and coordination may occur in 3 to 5 minutes or less
. Total incapacitation and unconsciousness follow rapidly
- All early effects may decrease ability for self-rescue from the toxic environment.
- Some agents causing asphyxia are stored and transported in compressed or liquid
form and can cause frostbite on direct skin contact.

CARDIOVASCULAR EFFECTS

1) An increased pulse rate may occur.

2) Cardiac manifestations of prolonged or severe hypoxia may include atrial or
ventricular dysrhythmias, hypotension, myocardial ischemia, myocardial infarction, and
eventual aystole.

3) “Sudden sniffing death”, or cardiac arrest, is reported following intentional inhalation
of hydrocarbons.

RESPIRATORY EFFECTS

1) Hyperventilation may develop.

2) Cyanosis may occur.

3) Bronchoconstriction and respiratory depression may be seen.
4) Pulmonary oedema and lung congestion may occur.

NEUROLOGIC EFFECTS

1) Various disturbances including headache, dizziness, mood disturbances, numbness of
the extremities, sleepiness, mental confusion, poor judgement and coordination, and
memory loss may occur.

2) Prolonged or severe hypoxia results in unconsciousness.

3) Prolonged asphyxia may produce CNS injury.

4) Hemiparesis has been reported with volatile substance abuse.

5) Cerebral oedema with brainstem herniation may occur.

6) Seizures have been reported following intentional inhalation.

GASTROINTESTINAL EFFECTS: Nausea, vomiting, and gastrointestinal
haemorrhage may develop

MUSCULOSKELETAL EFFECTS: Rhabdomyolysis and seizures have been reported.

REPRODUCTIVE HAZARDS: Possible consequence of oxygen deprivation in the
unborn is controversial. Cerebral palsy, previously thought to be due to acute hypoxia
during labour and/or childbirth, remains poorly understood.

There are also some acute hazard of dermal and ocular frost burns. Toxnet (Databases in

toxicology and environmental health) HSDB, 2003, states that acute dermal exposure
may cause frostbite injury. Severe tissue burns have been reported
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B.6.9.3

B.6.9.4

B.6.9.5

B.6.9.6

Exposure of the general population and epidemiological studies (1A 5.9.3)

Ethylene is ubiquitous in the environment, arising from both natural and man made
sources. Major natural sources are emissions from vegetation of all types, where it
functions as a plant hormone. The main anthropogenic sources are combustion of gas,
fuel, coal and biomass. The highest exposure to humans is due to ethylene from car
motors. Ethylene had been in general use as an anaesthetic for many years. It has been
replaced by more modern anaesthetics, mostly due to the high explosion risk. Today,
elevated exposure of humans is limited to a low number of workers at ethylene
protection plants, and these involved in transport of ethylene. The total global
emission has been estimated to be 18-45 x 10°t/y, of which approximately 74% is
released from natural sources and 26% from anthropogenic sources. Emission from
fuel oil combustion is equal to approximately 4% of total global emissions (OECD
SIDS).

In an epidemiological study, following exposure to ethylene, no increase in risk of
developing myelomas was noted.

Clinical signs, symptoms of poisoning and details of clinical tests (11A 5.9.4)

Symptoms included dizziness, headache, nausea, and loss of co-coordination. Please
refer to sections B.6.9.2 and B.6.9.3.

First aid measures (11A 5.9.5)

Move the victim to fresh air and call the medical emergencies services. Give artificial
respiration if the victim is not breathing or administer oxygen if breathing is difficult.
Remove and isolate contaminated clothing and shoes. In case of contact with liquefied
gas, thaw frosted parts with lukewarm water. In case of burns, immediately cool
affected skin for as long as possible with cold water. Do not remove clothing if
adhering to the skin. Keep the victim warm and quiet. Ensure that medical personnel
are aware of the material involved and take precautions to protect themselves (US
Department of Transport, 2004).

Inhalation: Move to fresh air. If not breathing, give artificial respiration. If breathing
is difficult, give oxygen. Get medical attention immediately.

Skin Contact: Wash affected area extremely thoroughly with soap and water. Seek
medical attention if irritation persists. Remove all contaminated clothing.

Eye Contact: Rinse immediately with copious amounts of tepid water for at least 15
minutes and obtain medical aid.

Ingestion: Not applicable Ethylene is a gas at normal temperature and pressure.

Expected effects and duration of poisoning as a function of the type, level and
duration of exposure or ingestion (I11A 5.9.6)
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B.6.10

Under environmental conditions, ethylene is a gas; therefore the most probable route of
human exposure is via inhalation. There is no evidence to suggest ethylene is an eye
or skin irritant.

Concentrations of less than 20% ethylene in air (25000 ppm) do not cause harmful
effects and are not irritating to the nose, throat or lungs. High concentrations of
ethylene can displace oxygen in air and cause life-threatening asphyxiation. When
ethylene 1s used as a compressed gas, high concentrations can be generated quickly if a
leak occurs.

The normal oxygen concentration in air is 20.9%. At 15-16% oxygen, symptoms of
sleepiness, fatigue, loss of concentration, errors in judgement and confusion are
masked by a state of euphoria, giving a false sense of security and well-being. An
oxygen concentration of 12% or lower can cause unconsciousness quickly and without
warning. In some cases disturbed respiration, abnormal fatigue. Emotional upsets,
nausea, vomiting and inability to move freely may occur. Concentrations below 6%
can result in respiratory collapse and death. If the victim survives, some or all organs,
including the central nervous system and brain, may show damage due to oxygen
deprivation.

Marked memory disturbances have also been reported following exposure to 37.5%
(37500 ppm) of ethylene for 15 minutes (this effect may have been due to oxygen
deprivation) (CCOHS, 2000).

Animal toxicity information suggests that ethylene will not cause significant health
effects following long-term exposure.

Summary of mammalian toxicology and proposed ADI, AOEL, ARfD and MAC
(drinking water limit) (1A 5.10)

No oral ADME studies have been submitted or cited; the available data has been
generated using inhalation exposure. A metabolic pathway has not been proposed for
ethylene in mammals.

Following inhalation of radiolabelled parent, absorption appeared to be rapid (within
minutes) but the systemic uptake from the lungs was low. It has been estimated that
approximately 83% of the ethylene that reaches the lungs is exhaled unchanged while
17% is absorbed. Distribution is widespread throughout the body. In rats, about 24-
29% of systemically available ethylene is eliminated by metabolism and the remainder
by exhalation of the unchanged substance. Elimination appears to be rapid. Most of
the inhaled ethylene was exhaled unchanged with smaller amounts excreted in urine
and faeces and as exhaled carbon dioxide. Apart from ethylene oxide and its
metabolites [and the urinary metabolite 5-(2-hydroxyethyl)cysteine in mice], there
appears to be little or no information or investigations into other potential metabolites
of ethylene.

Ethylene is not classifiable via the acute inhalation route according to EC criteria
(based on cited data). There are insufficient data to classify ethylene via the acute
oral and dermal routes or for skin and eye irritancy and skin sensitisation using the
normal EC criteria. However, based on industrial use and its use as an anaesthetic,
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ethylene gas dose not appear to be classifiable as a skin or eye irritant or a skin
sensitiser. It should be noted that liquefied or pressurized ethylene gas can cause
frostbite damage.

No data were submitted for the oral or dermal routes for short-term exposure (or cited
from the published literature). The available short term repeat dose inhalation studies
reported effects on blood parameters and the nervous system. A 90-day study did not
report any effects at dose levels up to 11.5 mg/l of air, the highest dose tested (this
study may have been conducted by IBT under contract to the CIIT (see comments on
carcinogenicity study).

There was no evidence genotoxicity in the in vitro bacterial and chromosome
aberration assays or the in vivo the bone marrow micronucleus assays in rats or mice.

No long-term studies were submitted for the oral route of exposure (or data cited from
the published literature). Summaries of a single long-term rat inhalation study are
available in the literature. Generally, the authors of these summaries have concluded
that there no evidence of chronic toxicity in this study and no evidence of compound-
induced carcinogenicity. However, some authors have expressed doubts over the
quality and reporting of the study (conducted by the discredited contract laboratory
IBT), the interpretation of the findings in this study (e.g. mononuclear cell leukaemia)
and their relationship to the toxicological effects induced by the metabolite ethylene
oxide. The background to IBT can be found at section 3.1.8 of
http://www.oecd.org/dataoecd/13/15/36045203.pdf ]. IARC (1994) concluded that the
evidence of carcinogenicity in experimental animals and humans was inadequate,
however, several workers have stated that the possible carcinogenic risk from inhaling
ethylene should be reconsidered/re-evaluated based on the potential exposure to
ethylene (very high tonnage), the limited database and the metabolism of ethylene to
ethylene oxide.

The available reproduction data are limited and the quality is equivocal. A
reproductive screen test concluded there was no compound induced parental or foetal
toxicity or developmental toxicity over a single generation (i.e. up to 4 days post
partum) at concentrations up to 5.75 mg/l or 5000 ppm (approximately equivalent to a
systemic exposure of 0.575 mg/l or 500 ppm). However, some published data (of
unknown quality) appears to indicate that post-natal development could be adversely
affected at a dose level of 2.62 ppm.

No specific neurotoxicity studies have been submitted for evaluation but there are
some indications of treatment-related effects on the nervous system.

Ethylene is metabolised to ethylene oxide in experimental animals. Two metabolic
pathways have been identified in experimental animals and humans, the hydrolysis of
ethylene oxide to 1,2-ethanediol and conjugation with glutathione to produce S-(2-
hydroxyethyl)cysteine and N-acetyl- S-(2-hydroxyethyl)cysteine (Fig B.6.3). Since
ethylene oxide can react with chloride ions, and this reaction is acid catalysed, 2-
chloroethanol might be expected to be a metabolite, especially after oral
administration.
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Ethylene oxide is currently classified by the ECB as a Cat: 2 for carcinogenicity (R45)
and Cat: 2 for mutagenicity (R46). In addition, the literature indicates that ethylene
oxide induces reproductive effects in experimental animals (foetal toxicity in the
presence and absence of maternal toxicity, teratogenicity in mice, sperm effects) and
there is some limited evidence of spontaneous abortions in humans. Ethylene oxide
has also been associated with neurotoxicity and cataracts in the ocular lens. It is also
currently classified by the ECB as Toxic by inhalation (R23) and as an irritant
(R36/37/38) and the literature also indicates that it can also induce sensitisation
responses. Chloroethanol, a possible reaction product with chloride in food, is also
currently classified by the ECB as a Cat:2 carcinogen.

Ethylene oxide is an electrophilic agent that alkylates nucleophilic groups in biological
macromolecules, i.e. including DNA and protein (e.g. haemoglobin & albumin). It is
considered likely that the toxicological effects of ethylene oxide arise primarily from
the direct alkylation of macromolecules. Since ethylene oxide is formed during the
metabolism of ethylene (a natural body constituent) both endogenous and exogenous
sources of ethylene and ethylene oxide will contribute to the background alkylation of
macromolecules. There is extensive evidence of genotoxicity (in vitro and in vivo
effects) and carcinogenicity indicating that ethylene oxide is a potent genotoxic
carcinogen in experimental animals (via oral and inhalation routes).

Endogenous, environmental and man-made sources of ethylene exposure are well
documented in the literature. Ethylene is a natural product of many plants and it is
released into the atmosphere at various stages of their life cycle. Other major sources
contributing to background levels of ethylene are industrial and volcanic emissions,
natural gas, the burning of vegetation, smoking cigarettes, the combustion of fossil
fuels (including vehicle exhaust emissions) and in food materials. Endogenous but
unidentified sources of ethylene exist in man and experimental animals.

Although ethylene is classified as a “simple asphyxiant” and results in asphyxia due to
oxygen displacement in enclosed spaces, the extensive list of adverse effects in
humans (B.6.9) indicates that this is an oversimplification and requires further
consideration. Ethylene is metabolised to ethylene oxide, a known genotoxic
carcinogen, and forms adducts with DNA, haemoglobin and other proteins. The U.S.
Department of Labor (Occupational Safety & Health Administration) web site states
that the health effects of long-term or repeated exposure to ethylene are not known
(www.osha.gov). Occupational exposure has been associated with an increased
incidence of reproductive effects and brain tumours in workers in the petrochemical
industry but the quality of these epidemiological studies was questioned and it was
concluded that there was no convincing evidence of any causal links. However, non-
smoking fruit store workers exposed occupationally to atmospheric ethylene had
higher levels of haemoglobin adducts compared to non-smoking controls.

No specific occupation exposure limits have been recommended in the UK or in most
developed countries but Switzerland has established a time-weighted average
occupational limit of 11500 mg/m’ (OECD: SIDS). In Germany, no exposure limit is
given for ethylene because it is ‘justifiably suspected of having carcinogenic potential’
(Deutsche Forschungsgemeinschaft, 1993/IARC 1994).
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B.6.10.1

B.6.10.2

Acceptable Daily Intake (ADI)

Although ethylene is an important industrial chemical, there appears to be only a
limited number of standard toxicity studies and human epidemiology studies in the
public domain. No oral toxicity studies are available for ethylene. The majority of the
available data have been generated using inhalation exposure and the various
international regulatory authorities appear to have relied upon the 2-year rat inhalation
study to conclude that ethylene is not a carcinogen. In addition, the cited regulatory
authorities have relied upon metabolism data generated from acute/short-term
inhalation studies to estimate the predicted conversion of ethylene to ethylene oxide.

Since there are insufficient data to set an ADI for ethylene, any approvals for the use of
ethylene as a growth regulator used to ripen bananas must be dependant on the residue
levels of ethylene and its metabolites after treatment being no greater than the normal
background rates in potatoes and bananas—Fhe Health-Canada(200)-document states

No analytical data was submitted for ethylene treated bananas which would
substantiate that the residue levels were equal to or similar to untreated bananas.
Without these relevant residue data, it is not possible to conclude that the use of

ethylene for the requested uses would not present an unacceptable risk to human
health.

As indicated by the Health Protection Branch of Health Canada in the “Health and
Safety Status Report” for ethylene (May 1994), an acceptable daily intake (ADI) is not
required for ethylene, since it is a naturally occurring chemical produced by fruits and
vegetables, including potatoes, during senescence. Ethylene is also a naturally
occurring endogenous chemical in humans and laboratory animals and has been
identified in the air exhaled by unexposed rats and humans. Potential ethylene
metabolites have also been shown to occur naturally. Analytical data for these
metabolites in treated potatoes showed that residue levels were either non-detectable

or were at levels similar to any measurable residues found in controls (Health
Canada, 2001).

Acute Reference Dose (ARfD)

There are insufficient data to set an ARfD. Apart from the formation of adducts, there
are no clear obvious effects of acute exposure presented in the literature and the
relevant data for oral exposure is sparse or non-existent. Approval is therefore
dependant on the residue levels of ethylene and its metabolites after treatment being no
greater than the normal background rates in bananas.

The following was proposed:
An acute reference dose (ARfD) was not established, since ethylene was considered

unlikely to present an acute hazard. The available literature suggests that there are no
significant treatment-related findings to indicate a concern in acute dietary risk

65



Ethanol addendum - VVolume 3, Annex B.7 : Toxicology of reaction & degradation products September 2008

B.6.10.3

B.6.10.4

assessment. The potential risks to humans from exposure to ethylene are considered
negligible due to low toxicity concerns and the widespread use of ethylene as an
anaesthetic with little concomitant toxicity (Health Canada, 2001).

Admissible Operator Exposure Level (AOEL)

There is insufficient data to set an AOEL. However, the current occupational exposure
levels and application methods suggest that the use of ethylene is acceptable. However
due to some reports of increased levels of haemoglobin adducts in fruit plant workers,
it is recommended that exposures be kept as low as reasonably achievable e.g. use of
RPE or engineering controls.

Maximum Allowable Concentration (MAC: drinking water limit)

There are insufficient data to set a health based limit. The EU limit for the
concentration of any pesticide in drinking water is 0.1 pg/I.
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B.6.10.5 Classification and labelling

B.6.10.5.1 Ethylene

a)

b)

Current ECB classification

R67 Vapours may cause drowsiness and dizziness.

S2 Keep out of the reach of children

S46 If swallowed, seek medical advice immediately and show this container or
label.

Proposed classification

Ethylene is converted into ethylene oxide in rats (5-10%) and humans (estimated
values of <4%). The data base is inadequate to conclude a robust proposal for the
classification of ethylene for carcinogenicity and reproductive toxicity. However,
assuming that humans metabolise ethylene to ethylene oxide, in the absence of data on
ethylene, the classification could take account of the potential ethylene oxide exposure.

Classification of liquefied or pressurised ethylene

Liquefied or pressurized ethylene gas can cause frostbite damage (this may trigger
part of the risk phrase RSh Directive 2003/82/EC).

B.6.10.5.2 Ethylene oxide

Current ECB classification

CAT: 2 carcinogenicity & CAT: 2 mutagenicity

R23 Toxic by inhalation

R36/37/38 Irritating to eyes, respiratory system and skin

R45 May cause cancer

R46 May cause heritable genetic damage

S45 If swallowed or if you feel unwell, seek medical advice immediately
(show the label where possible).

S53 Avoid exposure-Obtain special instructions before use.

B.6.10.5.3 1,2-ethanediol (ethylene glycol)

Current ECB classification

R22 Harmful if swallowed
S2 Keep out of reach of children
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B.6.10.5.4 1,2-dichloroethane (ethylene dichloride)

Current ECB classification

CAT: 2 carcinogenicity

R22 Harmful if swallowed

R36/37/38 Irritating to eyes, respiratory system and skin

R45 May cause cancer

S45 In the case of accidents or if you feel unwell seek medical advice
immediately (show the label where possible).

S53 Avoid exposure-Obtain special instructions before use.

B.6.11a Acute toxicity, irritancy and skin sensitisation of the ‘Ethylene’ (I11A 7.1)

B.6.11.1a Acute oral toxicity in rats (Alll 7.1.1)
No studies submitted.

B.6.11.2a Acute dermal toxicity (Alll 7.1.2)
No studies submitted.

B.6 11.3 Acute inhalation toxicity (Alll 7.1.3)
No studies submitted.

B.6.11.4a Skin irritancy (Alll 7.1.4)
No studies submitted

B.6.11.5a Eye irritancy (Alll 7.1.5)
No studies submitted.

B.6.11.6a Skin sensitisation (Alll 7.1.6)
No studies submitted.

B.6.11.7a Summary of the toxicity of ethylene
Apart from the dangers of asphyxiation in confined spaces and potential frost bite

injury, the potential acute toxicity, irritation and skin sensitisation effects of this
product are likely to be limited to those induced by ethylene gas.

68



Ethanol addendum - VVolume 3, Annex B.7 : Toxicology of reaction & degradation products September 2008

B.6.11.8a Toxicological data on non active substances (111A 7.4)

The nitrogen may cause asphyxiation at high concentrations in enclosed spaces due to
oxygen deficiency. The symptoms of oxygen deficiency include respiratory difficulty,
ringing in ears, headaches, shortness of breath, wheezing, headache, dizziness,
indigestion, nausea, and at high concentrations, unconsciousness or death may occur.

B.6.11.9a Proposal for classification and labelling

B.6.12a

B.6.13a

B.6.11b

Apart for the observation that liquefied or pressurized ethylene gas can cause frostbite
damage (this may trigger part of the risk phrase RSh Directive 2003/82/EC), no
classification is proposed for the acute toxicity, irritation or skin sensitisation of
‘Ethylene’ (a mixture of ethylene and nitrogen).

Dermal absorption studies (I11A 7.3)

Not applicable.

Toxicological data on non active substances (I11A 7.4)

There are no hazard warnings on the MSDS that give rise to toxicological concerns
with respect to the classification of ‘Ethylene Gas’ (a mixture of ethylene and

nitrogen).

Acute toxicity, irritancy and skin sensitisation of ‘Restrain Generator Fuel’ (111A
7.1)

The notifier of ‘Restrain Generator Fuel” states that it contains 96% ethanol (i.e. food
—

B.6.11.1b Acute oral toxicity in rats (Alll 7.1.1)

No studies submitted.

B.6.11.2b Acute dermal toxicity (Alll 7.1.2)

No studies submitted.

B.6 11.3b Acute inhalation toxicity (Alll 7.1.3)

No studies submitted.

B.6.11.4b Skin irritancy (Alll 7.1.4)

No studies submitted.

B.6.11.5b Eye irritancy (Alll 7.1.5)

No studies submitted.
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B.6.11.6b Skin sensitisation (Alll 7.1.6)

No studies submitted.

B.6.11.7b Summary of the toxicity of ‘Restrain Generator Fuel’

The acute toxicity, irritation and skin sensitisation effects of ‘Restrain Generator Fuel’
are driven by the ethanol content of the product. For a full evaluation of ethanol,
please refer to the Ethanol Draft Assessment Report.

Ethanol is considered to be of low toxicity via the acute oral, dermal and inhalational
routes. It is not a skin irritant or a skin sensitiser but there is some evidence that
ethanol is an eye irritant and a respiratory irritant. Therefore, ‘Restrain Generator
Fuel’ is classifiable as an eye irritant and a respiratory irritant based on the ethanol
content.

B.6.11.8b Toxicological data on non active substances (I11A 7.4)

The available data and information on denatured ethanol do not give rise to
toxicological concerns with respect to the classification of ‘Restrain Generator Fuel’.

B.6.11.9b Proposal for classification and labelling

Based on the ethanol content, ‘Restrain Generator Fuel’ is classifiable as given below
in subsection (a). This level of classification for the carcinogenicity, mutagenicity and
reproductive toxicity of ethanol is supported by publicly available animal and human
data. Further discussion is presented in the Ethanol Draft Assessment Report. The
current ECB classification is presented below in subsection (b).

Classification currently being considered by the ECB

Hazard symbol(s) T

Indication of danger: Toxic

Risk phrases:

R36/37 Irritating to eyes and respiratory system.
R45 (CAT lor 2: Carcinogen) May cause cancer

R46 (CAT 2: Mutagen) May cause heritable damage

R60 (CAT 1: Reproductive toxin) May impair fertility

R61 (CAT 1: Reproductive toxin) May cause harm to the unborn child
R64 (CAT 1: Reproductive toxin) May cause harm to breast-fed babies
Safety phrases:

S2: Keep out of the reach of children.

S53: Avoid exposure-Obtain special instructions before use.

S45: In case of accident or if you feel unwell seek medical advice immediately (show
the label where possible).
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b)

B.6.12b

B.6.13b

B.6.14

Current ECB classification of ethanol

According to the ECB web site, ethanol is currently unclassified for health effects

Note: The RMS is aware that the International Agency for Research on Cancer (IARC)
is currently preparing an up-dated monograph on the carcinogenic effects of alcohol
which is expected to be published in the near future.

Dermal absorption studies (I11A 7.3)

In the absence of data, a dermal absorption value of 100% is proposed for the operator
exposure calculations.

Toxicological data on non active substances (111A 7.4)

Exposure data (111A 7.2)
Ethylene

The supported use of ethylene is as a plant growth regulator, intended for use in
degreening and ripening of bananas. It is applied via compressed gas cylinders
containing ethylene and nitrogen or by a catalytic generator. This produces ethylene by
converting liquid fuel (ethanol) to ethylene gas and water vapour. Ethylene is applied
in hermetic ripening rooms. The target concentrations for the two methods of
generation are sufficiently similar to allow the major conclusions drawn vis-a-vis the
scenario involving ethylene introduced from gas cylinders to apply to ethylene
produced from ethanol. Exposure to ethanol from handling the product and preparing
the generator equipment is considered in the Draft Assessment Report for ethanol.

Target concentration Source of information
Cylinders (ethylene gas) | 600 — 1000 ppm GAP table
Generator (ethanol) 4 — 1200 ppm Label for ‘Ethygen II’

Table 6.14.1 — Comparison of target concentrations achieved with two forms of
ethylene generation

Ethylene is not classifiable via the acute inhalation route according to EC criteria
(based on cited data). There are insufficient data to classify ethylene via the acute
oral and dermal routes or for skin and eye irritancy and skin sensitisation using the
normal EC criteria. However, based on industrial use and its use as an anaesthetic,
ethylene gas dose not appear to be classifiable as a skin or eye irritant or a skin
sensitiser. Liquefied or pressurized ethylene gas can cause frostbite damage (B.6.10).

There is insufficient data available to set an AOEL for ethylene (B.6.10.3).
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Ethylene oxide

Ethylene oxide has been identified as a metabolite of ethylene (B.6.13). Ethylene is
converted into ethylene oxide in rats (5-10%) and humans (estimated values of <4%)
This metabolite is of toxicological concern and is therefore considered as part of this
exposure assessment.

Ethylene oxide is currently classified by the ECB as a Cat: 2 for carcinogenicity (R45)
and Cat: 2 for mutagenicity (R46). It is also currently classified by the ECB as Toxic

by inhalation (R23) and as an irritant (R36/37/38) and the literature also indicates that
it can also induce sensitisation responses.

Supported use

A summary of the treatment process is given below ;
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Fig. 6.14.1.1 — A typical banana ripening installation
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The gas is released from a number of cylinders and flow controlled by solenoid valves,
one in the supply line after the cylinders and one in the line leading into each room in
the store.

Fig. 6.14.1.2 — Ethylene station and cylinders

Fig. 6.14.1.3 Secondary solenoid valve controlling entry to a store room

(Note the cut-off
valve which can be
used if the
secondary solenoid
valve is broken.)

76



Ethylene- Volume 3, Annex B.6 : Toxicology and Metabolism December 2007

B.6.14.1

B.6.14.2

The valves are opened by direct digital controllers (DDCs). As the default position of
both primary and secondary valves is ‘closed’ it is unlikely that ethylene will be
accidentally released. Equipment is also incorporated which reduces the gas pressure
from 200 bar in the supply tanks to 5 bar in the pipes and will alert the operator when
the ethylene mixture is depleted.

The concentration of ethylene in the application room is monitored continuously and
remotely by trained operators, to ensure the concentration remains near the target level
throughout the application period. Typically, these are fully automated (computer
controlled) systems which include automated door-locking mechanisms, which do not
allow the doors to be opened when the treatment process is ongoing. Consequently,
persons will not be present during the treatment process.

Operator exposure (I111A 7.2.1)

Potential occupational exposure to ethylene may occur when entering the application
room or its ventilation ductwork (e.g., for repair) after application of ethylene or when
standing near the ventilation exhaust. This exposure scenario is considered under
Worker exposure (B.6.14.3).

It is also possible that exposure could occur when handling the cylinders, for instance
during changeover. The primary route of exposure would be via inhalation. Potential
exposure to high concentrations of ethylene may occur in the event of a leak into an
enclosed space. The proposed label includes precautionary statements regarding proper
handling of the cylinders and gas release system to avoid leaks. Respiratory protection
for entry into an area of unknown ethylene concentration is recommended on the draft
label.

Although the primary route of exposure would be through inhalation, liquefied or
pressurized ethylene gas can cause frostbite damage. In industry, however, PPE is
normally worn to mitigate the risk of physical injury which could be caused by the
heavy cylinders; gloves and safety footwear are typical. Gas leakages are considered
accidental occurrences and not a risk encountered during normal procedures. However,
eye protection as a precaution is a simple and prudent measure. Taking these factors
and the low acute toxicity of ethylene gas into account, it is therefore recommended
that for handling the gas cylinders the following PPE should be worn:

e Eye protection and suitable protective gloves.
Bystander exposure (111A 7.2.2)

As the treatment is made indoors in sealed rooms members of the public will not be
present at the site of application. However, workers, who may not be not directly
involved in the treatment operation, may be working close to areas where a treatment
is taking place and could be exposed via leakages from stores via door seals (the label
states the ripening room should be reasonably air-tight). Bystander exposure could
also occur during the venting of the gas into the atmosphere after treatment.
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B.6.14.3

B.6.14.4

No information is available to quantify these potential sources of exposure for
bystanders.

Worker exposure (111A 7.2.3)

The automated nature of the treatment process means entry into treatment rooms is
prevented until treatment has been completed and the room ventilated. Workers may
then enter the rooms for inspection tasks or maintenance purposes. The exposure
levels experienced by these workers will be largely dependent on the efficient
functioning of the ventilation system.

Personal and stationary monitoring of ethylene in a company where this gas was used
for controlling the ripening of bananas showed air concentrations (after ventilation of
the treatment room) to be in the range of 0.02-3.85 mg/m’ (0.02-3.35 ppm) with an
estimated average concentration of 0.35 mg/m’ (0.3 ppm).

(Torngvist et al , 1989a/IARC)

Conclusions

In the absence of appropriate data it is not possible to quantify the exposure to ethylene
which might be experienced by operators handling and changing cylinders, but due to
the design of the systems involved, this is expected to be minimal under normal
circumstances. It is prudent to mitigate any risk of physical injury and from an
accidental release by the use of appropriate PPE (gloves and eye protection). RPE may
be identified as necessary in some circumstances, for example when entering areas
with unknown concentrations of ethylene.

There is uncertainty with regards to the levels of exposure which might be experienced
by bystanders either due to leakages during treatment or during ventilation of the
treatment room and by workers re-entering treated stores after ventilation as only
limited exposure data are available. In a Swedish petrochemical plant (B.6.9.1) eleven
workers exposed to levels of ethylene between 0.1 and 4 mg/m’ showed dose-related
increases in haemoglobin adduct formation. A study of fruit store workers (B.6.8.3.5)
exposed to ethylene concentrations of 0.02-3.35 ppm showed similar increases in
adjunct levels in relation to the control subjects. The concentrations which appear to
have produced these effects are similar to the atmospheric concentrations of ethylene
measured in fruit stores where ethylene has been used in the manner proposed
(B.6.14.3). The presence of the haemoglobin adducts is evidence that some exposure to
ethylene (and subsequently the oxide) has occurred. The significance of this exposure
is unclear. However, there is some evidence that adduct levels occurring in fruit store
workers are similar to the background levels measured in other sections of the
population (refer to Table B.6.5). There is also evidence that dietary intake of ethylene
may involve acute exposure to much higher concentrations than those encountered in
fruit stores after venting; for instance, fully ripe pears may produce internal
concentrations of the order of 40 ppm (Wang and Mellenthin, 1972).
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In conclusion, the supported use for fruit ripening involves practical steps to minimise
exposure to ethylene. The actual levels of exposure for fruit store workers are
uncertain. Whilst treatment is essentially an automated, closed, operation, exposure
levels for workers are expected to vary between fruit stores, i.e. some stores will be
more airtight than others and some will be fitted with better ventilation systems.
Member States may wish to investigate these exposure levels further.
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Chapter 1 Summary Tables

Table 1 provides a summary of health- and welfare-based values resulting from an acute and chronic
evaluation of ethylene. Table 2 provides summary information of ethylene’s physical/chemical data.

Table 1. Health - and Welfare-Based Values
Short-Term Values Concentration Notes
CUCESLyeq 1,400 pg/m’ (1,200 ppb)” This value is a sub-threshold
Short-Term ESL for Air concentration that is protective of
Permit Reviews all crop plants including flowering
plants
SUCESL [1 h]
(HQ=0.3) 170,000 pg/m’ (150,000 ppb) | Critical Effect: hepatic damage in
te ReV 570.000 we/m’ (500.000 ppb) male Holtzman rats, based on a
acute e ;000 pg/m (500,000 ppb) free-standing NOAEL
(HQ=1.0)
SUCEST dor 310,000 ug/rn3 (270,000 ppb)* | 50% odor detection threshold
Long-Term Values Concentration Notes
POTCEST g 34 pg/m’* (30 ppb)” This value is a threshold
Long-Term ESL for Air concentration that is protective of
S B e all crop plants including flowering
plants
PONCE ST onlinear(ne) 1,800 pg/m’ (1,600 ppb)
_ Critical Effect: hepatic damage in
HQ =03
(HQ ) Fischer 344 rats based on free-
chronic ReV 6,100 pg/m’ (5,300 ppb)~ | standing NOAEL
(HQ=1.0)
°hr°“i°ESLhnear(c> --- No evidence of carcinogenic
ChmmCESLnonlinear(c) pOtential

" Values that may be used for evaluation of air monitoring data

Abbreviations used: ppb, parts per billion; pg/ m?, micrograms per cubic meter; h, hour; ESL, Effects
Screening Levels; ReV, Reference Value; **ESL, acute health-based ESL; *“*ESL qor, acute odor-
based ESL; *““ESL e, acute vegetation-based ESL; Chmn'cESLnon”near(nc), chronic health-based ESL for
nonlinear dose-response noncancer effects, ch”’"'CESLnne‘-ﬂ.r(c), chronic health-based ESL for linear dose-
response cancer effects; “""ESL nonfincar(» chronic health-based ESL for nonlinear dose-response cancer
effect; and “""*ESL e, chronic vegetation-based ESL; HQ, Hazard Quotient.; NOAEL, no-observed-
adverse-effect level
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Table 2. Chemical and Physical Data

Parameter Value Reference
Molecular Structure ChemFinder 2004
H H
Molecular Formula C,H,4 ChemFinder 2004
Molecular Weight 28.05 ChemFinder, 2004
Physical State Volatile gas, highly flammable and a ACGIH 2005%,
dangerous fire risk, liquid under pressure | ACC 2004
Color Colorless ACGIH 2005°,
ACC 2004
Odor Faint Sweet ACGIH 2005%,
ACC 2004°
ACGIH 2005%,
CAS Registry Number 74-85-1 ACC 2004°
Acetene; Elayl; Olefiant Gas; Refrigerant
150; Ethene; UN1038 (refrigerated
liquid), UN1962 (compressed liquid),
Synonyms Athyllen [German], Bicarburretted ACC 2004°
hydrogen; Caswell No. 436; EINECS
200-815-3; EPA Pesticide Chemical Code
041901; Etileno; HSDB 168
Solubility in water 26 g/L- Slightly soluble ChemFinder 2004
Log Ky or Py Log P,w=1.13 ACC 2004°
Vapor Pressure 760 mmHg @ -104°C Matheson Tri-Gas®
Reolative Vappr_ Density @ 0975 ACC 2004
32°F (gas; air =1)
Density
(liquid) @ Critical 13.36 Ib/ft’; 1.786 Ib/gal; 0.21 g/cm’ ACC 2004
Temperature (48.54 °F)
Melting Point -169.14°C ChemFinder 2004
Boiling Point -103.7°C ChemFinder 2004

Conversion Factors at
25°C and 1 atmosphere

1 ppb = 1.15 pg/m’
1 pg/m’=0.87 ppb

Alberta Environment 2003
Toxicology Section

?American Conference of Governmental Industrial Hygienists (ACGIH)
® American Chemistry Council (ACC) 2004
‘Matheson Tri-Gas Material Safety Data Sheet
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Chapter 2 Major Uses and Sources

Ethylene is produced through both natural and anthropogenic activity. Microbes and higher plants
naturally produce ethylene. Ethylene is also released during forest fires and active volcanic events. In
higher plants, ethylene functions as a plant hormone and ethylene production can either increase or
decrease in response to a variety of environmental stressors such as flooding, wounding (e.g., mechanical
and/or pathogenic attack), chemical exposure (e.g., ozone), and mechanical bending (e.g., lodging)
(Health Canada 2001).

Ethylene is also produced endogenously in mammals through lipid peroxidation of unsaturated fats,
oxidation of free methionine, oxidation of hemin in hemoglobin, and metabolism of intestinal bacteria
(Health Canada 2001). However, ethylene production in mammals is only a minor contributor to
atmospheric ethylene when compared to the relative contribution from microbial, vegetative, and
industrial sources (Health Canada 2001).

In occupational settings, very high concentrations of ethylene can lower oxygen concentrations and has
been reported to function as an asphixiant (Cavender 1994). Ethylene is primarily used as an intermediate
in the production of other chemicals and as an agent to enhance the ripening process of fruits, vegetables,
and flowers. Ethylene is also a high-production-volume chemical product of the petrochemical industry,
produced mainly by the steam-cracking of hydrocarbons. Industrial contribution to ambient ethylene is
primarily due to fugitive emissions from stacks, flares, and leaks in pipe fittings that can result in a
discontinuous exposure scenario (Health Canada 2001).

Ambient ethylene is also produced during incomplete combustion of biomass and fossil fuels. While
gasoline itself does not contain ethylene, the combustion of gasoline causes ethylene to be emitted into
the ambient air. A relatively large proportion of ethylene in urban air is due to vehicular traffic emissions
(Abeles and Heggestad 1973).

Chapter 3 Acute Evaluation
3.1 Health-Based Acute ReV and ESL

3.1.1 Physical/Chemical Properties and Key Studies

3.1.1.1 Physical/Chemical Properties

Ethylene is a highly-flammable volatile gas that is considered to be a fire hazard at sufficiently high
concentrations. It is a colorless gas with a faint sweet odor, is a liquid under pressure, and is slightly
soluble in water (Chemfinder 2004). The main physical and chemical properties of ethylene are
summarized in Table 2. Ethylene has been reported to be relatively non-toxic, has a low blood-gas
partition coefficient and does not accumulate in the body.
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3.1.1.2 Essential Data and Key Studies

The inhalation toxicity studies conducted by Conolly et al. (1978) and Guest et al. (1981) were selected as
key studies to determine the acute Reference Value (ReV) and the acute Effect Screening Level
(“““ESL). The study conducted by Conolly and Jaeger (1977) was selected as a supporting study.

3.1.1.2.1 Conolly et al. (1978)

In the Conolly et al. (1978) studies, a group of male Holtzman rats were exposed to 10,000, 25,000, or
50,000 ppm ethylene for 4 h. A second group of rats were administered a combined exposure protocol
with polychlorinated biphenyl (PCB) mixture (300 pmoles of PCB/kg of body weight) via gavage once
daily for 3 days followed by 4 h of inhalation exposure to the various concentrations of ethylene. In
addition, control groups were included with rats exposed to PCB alone.

In the study, hepatic damage was assessed by conducting histopathology of the liver and by measuring
the levels of hepatic enzymes including sorbitol dehydrogenase (SDH) and serum alanine-alpha-
ketoglutarate transaminase (SAKT). Elevated levels of SAKT and SDH are often indicative of liver
damage. The authors reported ethylene concentrations at 10,000 ppm to be hepatotoxic only when the rats
were pre-treated with the PCB mixture. Specifically, rats that were exposed to ethylene after exposure to
PCB mixture were reported to have elevated levels of SDH and the liver of the rats had severe
degenerative necrosis.

The authors reported no increase in hepatic enzymes and no liver damage in rats exposed to ethylene
alone. A no-observed-adverse-effect-level (NOAEL) of 50,000 ppm was determined from the exposure
group of rats exposed only to ethylene. As the studies did not provide any other toxicological information,
such as lowest-observed-adverse-effect-level (LOAEL), the NOAEL will be considered a free-standing
NOAEL.

3.1.1.2.2 Guest et al. (1981)

Guest et al. (1981) also studied the toxicity of ethylene alone and in conjunction with PCBs. For the
ethylene-only exposure group, the authors exposed Fisher rats for 5 h to 10,000 ppm ethylene. For the
combined exposure (i.e., PCB mixture + ethylene), the authors administered 500 mg/kg PCB mixture via
gavage five days prior to exposing the rats for 5 h to 10,000 ppm of ethylene. Control groups included
rats exposed either to ethylene alone or rats exposed to only the PCB mixture.

Similar to the Conolly et al. studies, Guest et al. (1981) reported no increase in serum enzyme activities
and no necrotic tissue for the ethylene only exposure groups. Exposure only to the PCB mixture, without
subsequent exposure to ethylene, resulted in slight hypertrophy of centrolobular liver cells with no
hepatocellular necrosis. However, animals exposed to 10,000 ppm ethylene after pre-treatment with the
PCB mixture, had uniform hepatic centrolobular necrosis. In addition, the authors also reported elevated
hepatic enzyme levels in the combined exposure group (PCB mixture + 10,000 ppm ethylene). As no
LOAEL information was available, a free-standing NOAEL of 10,000 ppm was determined from the
group exposed only to ethylene.
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The results from the acute exposure studies indicate that very high doses of ethylene coupled with high
doses of the PCB mixture are required to elicit hepatotoxic responses in rats. Guest et al. (1981)
hypothesized that the PCB mixture induced the hepatic mixed-function oxidase (MFO) system that then
resulted in hepatotoxicity in the rats.

3.1.1.2.3 Conolly and Jaeger (1977)

The study conducted by Conolly and Jaeger (1977) was selected as a supporting study. Similar to
Conolloy et al. (1978) studies, Conolly and Jaeger (1977) studied the acute hepatotoxicity of ethylene and
other chemicals with and without PCB pre-treatment. Male Holtzman rates were exposed up to 50,000
ppm ethylene. In addition to hepatic injury, the authors also studied the effects of changes in
environmental parameters (i.e., changes in temperature during exposure and food deprivation. The
authors reported ethylene to be more acutely toxic in rats that were fasted when compared to rats that
were fed and PCB —pre-treated. The authors attribute depletion of glutathione to be higher in the fasted
rats.

3.1.1.2.4 Other Studies Reviewed by TS

Aveyard and Collins (1997) conducted a reproductive/developmental toxicity screening study with head
only exposures to rats. A total of 10 animals/sex/group were exposed to 5,000 ppm of ethylene for 6
h/day for 2 weeks prior to mating and during the mating period. Female rats were also exposed to
ethylene until gestational day 20. No effects on weight gain, food intake, fertility, fecundity, sex ratio,
and pup weight or pup growth were reported. This study was described in the Organization for Economic
Co-Operation and Development (OECD) dossier on ethylene.

3.1.2 Mode-of-Action (MOA) Analysis and Dose Metric

Ethylene is metabolically converted to ethylene oxide (EtO) via the cytochrome P-450 pathway (Filser
and Bolt 1983). Concern about the potential toxicity of ethylene stems from the fact that EtO is a
suspected human carcinogen and a genotoxicant (ACGIH 2005 and Tornqvist 1994). In addition, EtO is
also a potent alkylating agent and can form adducts by interacting with cellular macromolecules such as
DNA, RNA, and protein (e.g., hemoglobin). Similar adduct formation has been reported on direct
exposure to EtO (ACGIH 2005).

While adducts have been used as biomarkers of DNA damage, their use is controversial. There is some
controversy in regards to whether adduct formation is indicative of exposure, and if adducts can be
unequivocally utilized as precursors of diseases such as cancer (Selinski et al. 2000). A few studies
reported the detection of hemoglobin adduct formation on exposure to ethylene. One example is the
identification of hemoglobin adducts (i.e., hydroxyethylvaline adducts) in the serum of fruit storage
workers exposed to approximately 0.3 ppm ethylene (Tornquist et al. 1989). Similar results have also
been reported in plastic industry workers exposed to ethylene (Granath et al. 1996).

Very few human exposure studies using ethylene have been conducted. The majority of ethylene
exposure studies have been conducted using animals. When using animal studies, it is beneficial to
extrapolate the risks observed in animals to humans using physiologically-based-pharmacokinetic
(PBPK) models. Filser et al. (1992) measured ethylene uptake by exposing 6 human subjects for 2 h in
controlled chambers to 5 and 50 ppm of ethylene. The authors reported 98% of the ethylene to be exhaled
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unchanged and only 2% of the ethylene was absorbed and metabolized to EtO. Similar to humans, most
of the inhaled ethylene (83%) in rats was exhaled unchanged. Further, the relatively smaller fraction of
ethylene that was actually absorbed was also reported to be eliminated unchanged in rats (Filser and Bolt
1983).

The metabolic conversion of ethylene to EtO has been reported to be a rate-limiting step resulting in only
an insignificant amount of EtO being produced during the process (Bolt and Filser 1987 and Csanady et
al. 2000). At 37 ppm ethylene exposure in rats, Bolt and Filser (1987) estimated a 1 ppm equivalent
exposure to EtO in humans, while Csanady et al. (2000) have reported an exposure of 45 ppm ethylene in
rats to be equivalent to a 1 ppm EtO exposure in humans.

3.1.3 Points of Departure (PODs) for the Key Studies

A POD of 50,000 ppm based on a free-standing NOAEL was determined from the Conolly et al. studies,
and a POD of 10,000 ppm based on a free-standing NOAEL was determined from the Guest et al. (1981)
study. In the toxicity study selected as the key study, data on the exposure concentration of the parent
chemical are available. Since the MOA of the toxic response is not fully understood and data on other
more specific dose metrics are not available (e.g. blood concentration of parent chemical, area under
blood concentration curve of parent chemical, or putative metabolite concentrations in blood or target
tissue), the exposure concentration of the parent chemical was used as the default dose metric.

3.1.4 Dosimetric Adjustments

3.1.4.1 Default Exposure Duration Adjustments

In accordance to the ESL Guidelines, a duration adjustment for 1 h is recommended if the data are
obtained from acute toxicity studies with greater than 1 h exposure (TCEQ 2006). However, as the
reported PODs in the key studies were relatively very high (i.e., indicative of low toxicity) and because no
adverse effects were observed in the key studies at either the 4 h and/or 5 h study, the Toxicology Section
(TS), did not conduct duration adjustments and considered the POD for 1 h to be the same as the POD
determined for exposure durations greater than 1 h (i.e., 50,000 ppm from the Conolly et al. and 10,000
ppm from the Guest et al. (1981) study).

The POD determined from the Conolly et al. studies (50,000 ppm) is higher than the POD determined
from the Guest et al. (1981) study and is selected by the TS as the POD to derive a health-based acute
reference value (acute ReV) and effects screening level (ESL). The TS selected the higher POD based on
the fact that the key and supporting studies only determined a free-standing NOAEL and on US. EPA’s
(2002) definition of a NOAEL,“The highest exposure level at which there are no biologically significant
increases in the frequency or severity of adverse effect between the exposed population and its
appropriate control”. Some effects may be produced at this level, but they are not considered adverse or
precursors to adverse effects”.

3.1.4.2 Default Dosimetry Duration Adjustments from Animal-to-Human Exposure

As no duration adjustments are required, the POD becomes POD4p; and is 50,000 ppm. The POD4p; is
then adjusted to human equivalent POD or PODygc Ethylene is relatively non-toxic even at high
concentrations as it does not produce point of entry (POE) respiratory effects and the critical effect is
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hepatotoxicity. The TS will consider ethylene as a Category 3 gas and the duration exposure adjustments
from animals to humans will be conducted with the following equation:

PODygc = PODapy X (Hy/g)a / (Hyrg)n)

Where,

PODygc = Point of Departure at Human Equivalent Concentration
PODp; = Adjusted Point of Departure

Hy/, = Ratio of blood:gas partition coefficient

A = Animal

H = Human

According to USEPA (1994), if the animal blood:gas partition coefficient is greater than the human
blood:gas partition coefficient, a default value of 1 is used for the regional gas dose ratio [(Hy,)a /
(Hp/g)u], (RGDR). Csanady (2000) reported the tissue:air partition coefficients for rat and humans to be
very similar and the blood:gas partition coefficients for rats to be double that of human values. The TS
will therefore conservatively consider a default blood:gas partition coefficient of 1. The PODygc
calculated based on the Conolly et al. studies is:

PODygc = PODapy X (Hyg)a / (Hyg)u
PODygc = 50,000 ppm x 1
PODyusc = 50,000 ppm

3.1.5 Critical Effect and Adjustments of the PODyec

3.1.5.1 Critical Effect

Potential hepatotoxicity is the critical effect in the animal studies discussed in Section 3.1.1.2, although
the PODygc is a free-standing NOAEL, and no adverse effects were noted in any ethylene-only exposure

group.

3.1.5.2 Uncertainty Factors (UFs)

The TS applied the following UFs to the PODygc of 50,000 ppm to derive an acute Reference Value
(acute ReV) under the assumption of a threshold/nonlinear MOA in accordance with the ESL Guidelines
(TCEQ 20006). For detailed information on the MOA, please see Section 3.1.2. A interspecies UF of 3 was
applied to account for extrapolation from animals to humans (UF,), a UF of 10 is applied to account for
intraspecies variability (UFy), and a database UF of 3 was applied to account for deficiencies in the
database (medium database confidence) of the referenced studies (UFp). A total UF of 100 (i.e., 3 x 10 x
3 =100) was applied to PODygc of 50,000 ppm.

acute ReV =PODygc / (UF s x UFy x UFp)
= 50,000 ppm/(3 x 10 x 3)
= 50,000 ppm/100
=500 ppm (500,000 ppb or 570,000 pg/m’)
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A UF, of 3 was used because default dosimetric adjustments from animal-to-human exposure were
conducted which accounts for toxicokinetic differences but not toxicodynamic differences. A UFy of 10
was used to account for potentially sensitive subpopulations, and a UFp of 3 was used because of the
availability of several toxicity studies with a wide range of end points The confidence in the acute
database is medium.

3.1.6 Health-Based Acute ReV and ** ESL

As discussed in the previous section, UFs were applied to the POD obtained from the Conolly et al.
studies to derive the acute ReV. The acute ReV was rounded to two significant figures. Rounding to two
significant figures, the 1-h acute ReV is 500,000 ppb (570,000 pg/m’ ) The rounded acute ReV was then
used to calculate the *“““ESL using a target hazard quotient of 0.3 (Table 3).

*UCEST, = 0.3 x acute ReV
“UESL = 0.3 x 500,000 ppb
sueEST, = 150,000 ppb (170,000 pg/m’)

Table 3. Derivation of the Acute ReV and *'*ESL

Key Studies Conolly et al. (1978)

Study population Male Holtzman rats

Study quality Medium-high

Exposure Method Inhalation

Critical Effects Hepatic effects

POD (original animal study) NOAEL 50,000 ppm (free-standing NOAEL)

POD4p; (No adjustment necessary) 50,000 ppm

PODygc 50,000 ppm (gas with systemic effects based on default
RGDR =1)

Exposure Duration 4h

Total Uncertainty Factors (UFs) 100

Interspecies UF | 3

Intraspecies UF | 10

LOAEL UF | Not applicable

Incomplete Database UF | 3
Database Quality | Medium

acute Rev[1lhr] (HQ =1) 570,000 ug/m?® (500,000 ppb)

U ES| [1h] (HQ= 0.3) 170,000 pg/m? (150,000 ppb)

3.1.7 Information from Other Organizations

The USEPA Office of Prevention, Pesticides and Toxic Substances has reported the maximum exposure
rate to ethylene under current use as a pesticide to be 1000 ppm (USEPA 1992). This limit is for the post-
harvest exposure of stored commodities (USEPA 1992). The Screening Information Data Set (SIDS)
program operated under the auspices of the Organization for Economic Cooperation and Development
recommends no further testing of ethylene toxicity based on the reports of low toxicity of ethylene and no
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risk to human health either through direct exposure or through indirect exposure via the environment
(OECD SIDS 1994).

3.2. Welfare-Based Acute ESLs

3.2.1 Odor Perception

Ethylene has a sweet odor and taste. The ACGIH (2005) reported odor threshold is 290,000 ppb and is
based on the Amoore and Hautala (1983) study. A 50% odor detection value of 310,000 pg/m’ (270,000
ppb) has also been reported by Hellman and Small (1974). Since, Hellman and Small (1974) is included
in the list of acceptable sources for odor threshold values and is listed in Appendix B of the ESL
Guidelines (TCEQ 2006), the *“*“*ESL g is 310,000 pg/m’ (270,000 ppb).

3.2.2 Vegetation Effects

3.2.2.1 Summary of Ethylene Induced Vegetative Effects

Interest in ethylene research spiked when it was identified to be phytotoxic to greenhouse plants (Crocker
1948). Later, many investigators documented the adverse effects of ethylene on plant species (Darley et
al. 1963, Air Quality Criteria for Hydrocarbons 1970) and reported the effects of ethylene to be dependent
on the types of plant species and the stage of plant growth (Tonneijck et al. 2003, Reid and Watson 1985).
Fruits (e.g., apples, oranges, and avocados) release ethylene as they approach maturity which in turn
promotes the ripening of the fruits.

The majority of ethylene research has been conducted in growth chambers and very few studies exist for
field grown plants. Abeles et al. (1992) reported 10 ppb as the threshold concentration for physiological
effects from studies in greenhouse experiments with ethylene. However, there is some controversy
regarding the relevance of the threshold concentrations reported by Abeles et al. (1992) to field grown
plants. Amongst the issues surrounding the applicability of the results reported by Abeles et al. (1992) is
the fact that greenhouse plants are normally exposed to very high concentrations of ethylene in a
continuous manner. Field grown plants generally experience lower concentrations of ethylene and the
exposure pattern is said to be discontinuous (Tonneijck et al. 1999, 2000, and Dueck et al. 2004).
Greenhouse plants are also less hardy when compared to the field-grown plants and, may experience more
adverse effects (Tonneijck et al. 2003).

Ethylene is a plant hormone that is produced naturally at many of the stages of plant growth. As a plant
hormone, ethylene has been reported to regulate both the morphological (e.g., leaf abscission and epinasty
(leaf curling)) and physiological effects (e.g., bud formation, inhibition of flowering, photosynthesis,
senescence, sprouting of buds, seed germination, and flower formation). In addition, ethylene can
stimulate or inhibit the growth process, influence other plant hormones (e.g., giberillic acid), or itself be
influenced by other hormones (Grossmann and Hansen 2001).

Tonneijck et al. (2000) reported epinasty or leaf curling in potatoes grown in the vicinity of polyethylene
manufacturing plants. However, the authors reported that the epinasty did not translate to a loss in tuber
yield. In a review on the effects of air-borne volatile organic compounds such as ethylene, Cape (2003)
reported epinasty to be a reversible effect if the exposure ended. Nutritional deficiencies and stress factors
(i.e., water stress, temperatures, and diseases) can cause vegetative effects (i.e., leaf and flower
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abscission) that are similar to the effects caused by exogenous ethylene. Also, plants undergoing stress are
reported to be more susceptible to ethylene (Munne-Bosch et al. 2004, Guinn 1982, and Jordan et al.
1972). It therefore becomes difficult to differentiate subtle physiological and morphological effects
caused by naturally produced ethylene (i.e., endogenous) versus ambient ethylene (i.e., exogenous).

Fugitive emissions from leaks around industrial facilities and vehicular traffic can create a discontinuous
exposure scenario in the ambient environment. Meteorological factors (i.e., wind direction and velocity)
can further aid in the movement and dispersal of the emissions and result in subsequent exposures to
field-grown plants. During the discontinuous exposure, field-grown plants often have a chance to recover
from the exposure. Green-house plants on the other hand are constantly exposed to ethylene from
generators that are housed within the green-houses. For this reason, Tonneijck et al. (2003) indicated that
the field-grown plants may be less responsive to ethylene when compared to the greenhouse plants where
continuous exposure is the norm.

3.2.2.2 Summary of Ethylene Induced Effects in Flowering plants

Many investigators consider flowering plants such as petunias (Petunia nyctaginiflora), marigolds
(Tagetes erecta), orchids (Cattleya spp), and carnations (Dianthus caryophyllus L.) to be sensitive to
ethylene (Tonneijck et al. 2003, Posthumus 1983, and Davidson 1949). Leaf senecessence and flower
abscission have been reported to occur due to ethylene exposure (Tonneijck et al. 2003). In addition,
decreased flower size and increased abortion of flower buds in petunias have been used as indicators of
plant response to pollution (Posthumus 1983 and Cape 2004). While petunias have been used as indicator
plants to assess ethylene sensitivity, orchids have been reported to exhibit severe dry sepal injury at
exposures of 100 ppb of ethylene for up to 8 h (Davidson, 1949).

The flowering plant studies are limited by the fact that they often included relatively high ethylene
exposure concentrations (2 to 4 ppm) when compared to what is expected in an ambient setting
(Underwood et al. 2005, Onozaki et al. 2004, Woodson et al. 1988). Ambient ethylene levels vary widely.
For example, while the median concentration of ethylene was reported to be 10.79 ppb in 39 US cities
from 1984 — 1985 (Seila et al. 1989), Abeles and Heggestad (1973) reported a maximum value of 700 ppb
of ethylene in Washington DC. In some of the reported flowering plant studies, longer exposure durations
(> 8 and/or > 12 h) were required before adverse effects could be recorded. In a multi-year study
conducted by Tonneijck et al. (2003), a quantitative relationship between short-term ethylene exposure
and plant response was not adequately addressed. In another short-term exposure study, excised flowering
petunias were exposed to 4 ppm ethylene for 0, 2, 4, 8, or 10 h (Underwood et al. 2005). Similar exposure
protocols with excised flowers were reported in carnations and geraniums (Evensen K 1991). While the
more recent ethylene exposure studies in flowering plants included adequate dose-response information,
the inclusion of excised flowers in the exposure protocols in the opinion of TS is not an appropriate
scenario to depict normal vegetation conditions. For this reason, TS has not chosen these flowering plant
studies as key studies for the development of the short-term vegetation ESL.

Woltering and Van Doorn (1988) conducted an extensive assessment of ethylene flower sensitivity
amongst 93 species of plants from 22 plant families. However, the study included high exposure
concentrations (3,405 pg/m’) that are not relevant to ambient conditions. In addition, the reported
exposure durations (22-24 h) were greater than the acute exposure scenarios defined in the ESL
guidelines (TCEQ 2006). As such, the TS have not chosen the study conducted by Woltering and Van
Doorn (1988) as a key study for the development of the short-term vegetation ESL for ethylene.
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3.2.2.3 Key Studlies

Since ethylene-related vegetative effects have been documented, a short-term vegetative based ESL for
ethylene exposure was determined according to the ESL Guidelines (TCEQ 2006). The Alberta Canada’s
Ethylene Research Project (i.e., The Alberta Canada Study) was identified as a key study and the study
conducted by Pallas and Kays (1982) was identified as a supporting study to develop the vegetation based
acute ESL (*"““ESL,¢,).

3.2.2.3.1 The Alberta Canada Study

The Alberta Canada Study was a multi-stake holder initiative that was jointly sponsored by the
Provisional Government and petrochemical industries in Alberta, Canada (Alberta Research Council
2001). The project was initiated to determine the concentration threshold at which short-term exposures to
ethylene would cause significant effects on vegetative and reproductive parameters in selected cultivars of
agricultural crops of interest to Alberta, Canada. Archambault and Li, the investigators of the Alberta
Canada study, conducted extensive preliminary screening experiments with Ethephon ((2-Chloroethyl)
phosphonic acid) to determine which plant species in each of 3 plant categories (i.e., cereal, legumes, and
oilseeds) and 2 tree species were most sensitive to ethylene (Archambault et al. 2006, Archambault and Li
2001, 1999a, and 1999b). In their studies with field crops, sensitivity of seed yield to ethylene was the
critical effect that was used to determine the relative sensitivity of the crop species. However, for the tree
species, sensitivity to ethylene was based on the vegetative characteristics because vegetative
characteristics are important parameters that determine the marketability of seedlings.

Table 4: Information on the Plants and Trees included in the Alberta Canada Study
Category Plant Species Sensitive Stage of Vegetative Effects
Growth
Cereal Barley Hordeum Spike emerging
vulgare cv. stage
Harrington Decrease in photosynthesis,
Legumes Field pea Pisum sativum | Flat pod stage vegetative effects, and
cv. Carrera decreases in seed yield.
Oilseeds Canola Brassica napus | Many flowers open
cv. Quantum stage
Trees White spruce | Picea gluca Vegetative growth Effects on seed
Trees Lodgepole Pinus Contorta germination, seedling vigor,
pine growth, and seedling
marketability.

Information on the plants and trees included in the Alberta Canada Study is provided in Table 4. All the
plants included in the experiment were grown in the greenhouse until the appropriate stage was reached at
which time they were transferred to exposure chambers and left for one day to acclimate prior to the start
of the exposures. Plants were moved back to the greenhouse and grown to maturity after exposures were
completed. For a detailed description of the treatments and exposure regimens, please see the Alberta’s
Ethylene Crop Research Project Report titled, “Response of Barley, Field peas, Canola, and Tree
seedlings to Ethylene Exposure (2001)”.
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Treatments included exposing barley, field pea, canola, white spruce, and lodgepole pine to six
concentrations of ethylene (10, 75, 150, 300, 600, and 1,200 ppb) at four exposure durations (1.5, 3, 6,
and 12 h). In their studies, the investigators defined short-term exposures as being equal to or less than 12
h. In all the experiments, the order of exposures was randomly selected. In addition, the investigators of
the Alberta Canada Study considered the 10 ppb exposure concentration as a background concentration
based on the findings by Reid and Watson (1985), who reported that complete removal of ethylene from
atmosphere would lead to detrimental effects on plant growth.

The investigators of the Alberta Canada Study reported barley from the cereal category, field pea from the
legume category, and canola from the oil seed category to be the most sensitive species in their respective
categories. In addition, the investigators also reported white spruce and lodgepole pine to be the most
sensitive tree species for ethylene exposure.

The investigators conducted analysis of variance (ANOVA) and reported no significant effects on
photosynthetic rates or vegetative, or reproductive effects for all exposure durations (up to 12 h) at all the
exposure concentrations (up to 1,200 ppb) for all the plant species (barley, field peas, and canola). In the
case of the trees (i.e., lodge pine and white spruce), the investigators reported no effects on seed
germination, seedling vigor, growth, or seedling marketability after an exposure to 1,200 ppb of ethylene
for exposure durations up to 12 h. The investigators reported that after short-term exposures (< 12 h) the
plants and trees recovered from decreases in photosynthesis and growth.

In addition, the investigators also conducted additional statistical analysis (e.g., linear regression) to
further understand the relationship between several plant parameters and ethylene dose expressed as a
product of ethylene concentration (ppb) and exposure duration (h). The investigators reported a poor
correlation between the various plant parameters measured and the ethylene dose. In the case of the tree
seeds/seedlings, the investigators reported a poor correlation between germination and ethylene indicating
that there was no significant dose effect.

However, the Alberta Research Council established a different short-term (i.e., 1-h) Ambient Air Quality
Objective when compared to the results of the Alberta Canada Study. The Alberta Research Council
established a short-term Ambient Air Quality Objective of 1,200 pug/m’ (1,044 ppb) to be protective of all
plant species (Alberta Research Council Report 2001).

3.2.2.3.2 Pallas and Kays (1982) Study

Pallas and Kays (1982) studied the effect of ethylene on photosynthesis by exposing leaves of a variety of
plants to 1 microliter per liter (ul/L) or 1,000 ppb of ethylene for 0, 0.25, 0.5, 1, 2, 4, and 6 h (Table 5).
The investigators also reported including a day without treatment between the treatments to measure any
“carry-over effects” on photosynthesis. The Pallas and Kays study (1982) is a well-conducted study as the
inhibition of photosynthesis was examined in many plants at exposure durations representative of short-
term exposure scenarios. However, in the TS’s opinion, the study is limited because it included only a
single exposure concentration (1,000 ppb). For this reason, the TS considered the Pallas and Kays (1982)
study as a supporting study to develop the “"““ESL,¢.
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Table 5: Information on the Plants Included in the Pallas and Kays Study
Green bean Phaseolus vulgaris L. cv. Contender
Pea Pisum sativum L. cv. Wando
Peanut Arachis hypogea L. cv. Florunner
Scarlet runner bean Phaseolus coccineus L.
Sensitive plant (according to the study authors) Mimosa Pudica L.
Irish Potato Solanum tuberosum L.
Sunflower Helianthus annus L. line CM90RR
White Clover Trifolium repens L.
Jerusalem artichoke Helianthus tuberosus L.

Pallas and Kays (1982) reported a wide range of responses in photosynthesis amongst the various
cultivars exposed to ethylene. The net decrease in photosynthesis was dependent both on the genotype of
the cultivar and the exposure duration. Pallas and Kays (1982) reported a decrease in photosynthesis with
an increase in the exposure duration from 0.25 to 6 h in peanuts. In addition, the authors also reported a
net decrease in photosynthesis when Jerusalem artichoke, sunflower, and sweet potato were exposed to
1,000 ppb ethylene for 2.5 h. However, the authors reported no effects on photosynthesis in green bean,
scarlet runner bean, pea, Irish potato, or white clover. Amongst the various plant species tested in the
study, peanut cultivars were reported to be relatively more sensitive to ethylene exposure. With an
increase in the duration of exposure, the inhibitory effect on photosynthesis increased, especially for
peanut. Pallas and Kays (1982) reported a 68% decrease in photosynthesis after a 6 h exposure period.
However, the investigators also reported a rapid recovery after short—term exposure durations and the
plants did not exhibit any carry-over effect on photosynthesis. The photosynthetic rates after the short-
term exposure treatments (0.5 - 6 h) returned to normal or pre-exposure levels within 24 h following
treatments. Plants in the 6 h treatment required an additional day for recovery. Overall, Pallas and Kays
(1982) concluded the decrease in photosynthesis to be a reversible effect.

3.2.2.4 Derivation of the “““ESL ,,

According to the ESL Guidelines, “"“ESL,., is set at a threshold concentration for adverse effects (TCEQ
2006). However, the results from the Alberta Canada Study and the Pallas and Kays (1982) study indicate
that short-term exposures (< 12 h and/or < 6 h) of plants to ethylene either at 1,200 ppb or 1,000 ppb
respectively to result in no adverse vegetative effects. While the TS acknowledges the absence of adverse
vegetative effects at the reported exposure concentrations and durations in both the key and supporting
studies, TS conservatively recommends a 1-h “*“ESL,., of 1,400 pg/m’ (1,200 ppb) as a sub-threshold
concentration to be protective for all plant species.

The *“““ESLye, of 1,400 ng/m’ was rounded to the two significant figures and is based on the results of the
short-term exposures from the Alberta Canada Study (Table 6). In recommending a 1-h *“**ESL,, of
1,400 pg/m’ (1,200 ppb), the TS has taken into consideration that the reported exposure concentration
(1,200 ppb) was the highest exposure concentration at exposure durations up to 12 h (i.e., 1.5, 3, 6, and 12
h) and the limited database of well-conducted ethylene exposure field studies for crops. The proposed
screening value should also adequately protect vegetation from potential intermittent exposures.



Ethylene

Page 17

Table 6. Derivation of the acuteESLveg

Study Alberta’s Ethylene/Crop Research Project Report 111
Study population Barley, field pea, canola, and tree seedlings
Exposure Method Growth Chambers

Critical Effects Vegetative effects and decrease in photosynthesis
POD (Sub-Threshold Concentration) 1,400 pg/m3 (1,200 ppb)

Exposure Duration 1.5,3,6,12h

SUCESL g 1,400 pg/m3 (1,200 ppb)

3.3 Short-Term ESL and Values for Air Monitoring Evaluation

The acute evaluation resulted in the derivation of the following acute values:
CUCESTyee = 1,400 pg/m’ (1200 ppb)

e acute ReV = 570,000 pg/m’ (500,000 ppb)

e “ESL =170,000 ug/m’ (150,000 ppb)

o *ESL,g = 310,000 pg/m’ (270,000 ppb)

The short-term ESL for air permit reviews and air monitoring evaluations is the “““ESL,, of 1,400 pg/m’
(1,200 ppb) as it is lower than the “““ESL and the *“““ESL,q, (Tablel). The acute ReV and the **“ESLyqo
may also be used for air monitoring evaluations. The “““ESL (HQ = 0.3) will not be used by the TS to
evaluate air monitoring data.

Chapter 4 Chronic Evaluation
4.1 Noncarcinogenic Potential

4.1.1 Physical/Chemical Properties and Key Studies

Physical/chemical properties of ethylene are discussed in Chapter 3. Due to the unavailability of chronic
inhalation exposure studies in humans, the TS selected well-conducted animal studies to develop the
chronic ReV. A two-year inhalation study conducted by Hamm et al. (1984) was selected as a key study
to determine the chronic ReV. In the study, Hamm et al. (1984) randomly divided 960 Fischer-344 rats
into 4 groups of 120 animals for each sex and exposed them to 0, 300, 1,000, or 3,000 ppm of ethylene
for 6 h/day, 5 days per week for 106 weeks. There were no reports of any chronic toxicity or
oncogenicity at any of the concentrations tested. Comprehensive analysis of various tissues (e.g., kidney
and nasal turbinates) indicated no signs of carcinogenic effects. While a variety of proliferative,
degenerative, and inflammatory lesions were observed in both the control and treatment groups, the
authors reported that these types of lesions are typical of the animal. A discussion on the high
concentrations of ethylene is warranted based on previous findings that 3,000 ppm is the highest
concentration that could be safely studied for long-term chronic studies (CIIT, 1980). Ethylene is
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explosive when it reaches 3% or higher in air composition. However, for acute exposure experiments,
investigators were able to use higher concentrations of ethylene safely even up to 50,000 ppm (Section
3.1.3.1). Based on safety issues, Hamm et al. (1984) reported 3,000 ppm as the NOAEL for long-term
chronic studies. TS will therefore consider 3,000 ppm as a free-standing NOAEL.

A 90 day sub-chronic study reported by Rhudy et al. (1978) was selected as a supporting study to
determine the chronic ReV. Rhudy et al. (1978) exposed Sprague-Dawley rats to various concentrations
of ethylene (0, 300, 1,000, 3,000, or 10,000 ppm) for 6 h/day, 5 days/week for 14 weeks. The authors
reported no toxic effects related to ethylene exposure on conducting a comprehensive microscopic
analysis of tissue specimens. In addition, the authors also did not report any changes or abnormalities in
hematology, clinical chemistry, and urinalysis. A free-standing NOAEL of 10,000 ppm was determined
from the Rhudy et al. (1978) study.

4.1.2 MOA Analysis and Dose Metric

The MOA of ethylene is described in detail in Section 3.1.2. For the key and supporting studies, data on
concentration of the parent chemical is used as the default dose metric.

4.1.3 POD for Key and Supporting Studies

The NOAEL reported in the Rhudy et al. (1978) study (10,000 ppm) was higher than the NOAEL
reported in the Hamm et al. (1984) study (3,000 ppm). However, the TS selected the NOAEL (3,000
ppm) from the Hamm et al. (1984) study because it was a chronic, rather than a sub-chronic exposure
study.

4.1.3.1 Default Exposure Duration Adjustments

The TS conducted an adjustment from the discontinuous animal exposure regimen to a continuous
exposure regimen with the following equation to determine the PODapy. The POD4p; was determined to
be 535.71 ppm (see below).

PODADJ =POD x (D/24 h) X (F/7 d)

where:

PODp; = POD from animal studies adjusted to a continuous exposure scenario
POD  =POD from animal studies based on discontinuous exposure scenario
D = Exposure duration, h per day

F = Exposure frequency, days per week

PODp; = 3,000 ppm x (6/24) x (5/7) = 535.71 ppm

4.1.3.2 Default Dosimetry Adjustments

Similar to section 3.1.4.2, the TS considered ethylene as a Category 3 gas and the duration exposure
adjustments from animals to humans was conducted to determine the human equivalent POD or PODygc
with the following equation:

PODygc =PODap; X (Hyig)a / (Horg)u)
Where:
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PODygc = Point of Departure at Human Equivalent Concentration
PODp; = Adjusted Point of Departure

Hye = Ratio of blood: gas partition coefficient
A = Animal
H = Human

The PODygc based on the Hamm et al. (19784) study:
PODygc = PODapyx (Hpg)a / (Hore)n
=535.71 ppm x 1
=535.71 ppm

4.1.4 Application of Uncertainty Factors to the PODyec based on MOA
Analysis

TS applied appropriate UFs to derive a Chronic ReV in accordance with the ESL Guidelines (TCEQ
2006). The PODygc of 535.71 ppm is based on a 2-Year study conducted by Hamm et al. (1984). The
following UFs are applied: A UF of 3 is applied to account for extrapolation from animals to humans
(inter-species variability, UF,), a UF of 10 is applied to account for intraspecies variability (UFy), and a
UF of 3 to account for deficiencies in the database (UF4). The total UF was equal to 100 (3 x 10 x 3).

ReV=PODygc / (UF x UFyx UFp)
ReV =535.71 ppm/ (3 x 10 x 3);Rev =535.71 ppm/100
ReV = 5.3571 ppm (5,300 ppb or 6,100 pg/m®) (rounding up to two significant figure)

A UF, of 3 was used because default dosimetric adjustments from animal-to-human exposure were
conducted which account for toxicokinetic differences but not toxicodynamic differences. A UFy of 10
was used to account for potentially sensitive subpopulations, and a UFp of 3 was used because of the
availability of well-conducted chronic and sub-chronic toxicity studies with a wide range of end points
The confidence in the chronic database is medium.

4.1.5 Health-Based Chronic ReV and "™ ESL noniincar(ne)

The chronic ReV of 6,100 ng/m’ (5,300 ppb) rounded to two significant figures was used to calculate the
ChmmCESLnonlinear(HC) by using the following formula and a hazard quotient (HQ) of 0.3 (Table 7):

ChronicESLnonlinear(nc) = chronic ReV x HQ
= 5,300 ppb x 0.3 = 1,600 ppb (1,800 pg/m’)
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Table 7. Derivation of the Chronic ReV and “"™ESL poniinear(n)

Study Chronic toxicity and oncogenicity bioassay of
inhaled ethylene in Fischer-344 rats

Study population Fischer-344 rats

Study Quality Medium

Exposure Method Inhalation

Critical Effects Hepatic damage

POD (original animal study) 3,000 ppm, NOAEL

Exposure Duration 6 h/day, 5 days/wk, 2 years

Extrapolation to continuous exposure (PODap;) 535.71 ppm

PODygc 535.71 ppm (gas with systemic effects based
on default RGDR =1)

Total UFs 100

Interspecies UF | 3

Intraspecies UF | 10

LOAEL UF | Not Applicable

Subchronic to chronic UF | Not Applicable

Incomplete Database UF | 3
(Database Quality) | (Medium)

Chronic ReV (HQ = 1) 6,100 pg/m? (5,300 ppb)

chronic —
ESLnonIinear(nc) (HQ - 03) 1,800 pg/m3 (1,600 ppb)

4.2 Carcinogenic Potential

Concern over the toxicity of ethylene is due to the metabolic conversion of ethylene to EtO which has
been designated as a carcinogen and a genotoxicant (Bolt and Filser 1987). However, the percentage
conversion of ethylene to EtO is insignificant (See Section 3.12). According to the ACGIH report
published in 2005, “the potential toxicity due to EtO formation from the metabolic conversion of ethylene
to EtO will not likely pose a cancer risk based on the current knowledge of the significance of adducts”.
In conclusion, ethylene is a relatively non-toxic chemical and is assumed to have a threshold, non-linear
MOA. ACGIH (2005) has designated ethylene as A4 (i.e., it is not classified as a human carcinogen).

The International Agency for Research on Cancer (IARC) (1994) has classified ethylene as a Group 3,
which indicates that it is a not classified as a human carcinogen. The German Commission for the
Investigation of Health Hazards of Chemical Compounds in the Work Area (MAK Commission) has
classified ethylene as a 3B (Deutsche Forschungsgemeinschaft 2004 in ACGIH 2005). The TS has
determined that the data are inadequate for an assessment of human carcinogenic potential by the
inhalation pathway.
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4.3 Welfare-Based Chronic ESL

4.3.1. Development of Vegetation-Based Chronic ESL (""" ESL e,)

Four key studies were identified to determine the “"*"“ESL,.,. The first study was the Alberta Ethylene
Research Project in which barley, field peas, and canola were exposed to various concentrations of
ethylene for different durations (Alberta Canada Study). The second key study was conducted by Klassen
and Bugbee (2002) in which they evaluated the sensitivity of wheat (Triticum aestivum L.) and rice
(Oryza sativa) to various concentrations of ethylene. The third study was conducted by Reid and Watson
(1985) who examined the sensitivity of oats (Avena Sativa L. cv. Random) and canola to chronic
exposure to ethylene. In the fourth key study, Blankenship and colleagues (1993) conducted experiments
to study the effects of continuous low levels of ethylene on growth and flowering of Eastern lily (Lillium
longiflorum Thumb. Culitvar ‘Nellie White”).

4.3.1.1 The Alberta Canada Study

Archambault and Li (2001) wanted to determine the critical duration of exposure and long-term
vegetative effects based on yield when plants are exposed to ethylene during a sensitive stage of growth.
The Alberta Environment (2003) report includes various ethylene exposure scenarios and is discussed
below. For short-term exposure scenarios (less than or equal to 12 h) please see Section 3.4. Two of the
exposure scenarios are discussed below. For a detailed description of the treatments and exposure
regimens, please see the Alberta’s Ethylene Crop Research Project Report titled “Response of Barley,
Field Peas, Canola, and Tree Seedlings to Ethylene Exposure (2001)”.

Exposure Scenario 1:

In this scenario, Archambault and Li exposed barley plants to 50 ppb of ethylene for 0, 3, 6, 12, 18, and
24 days, and field peas to 50 ppb of ethylene for 0, 12, 16, 20, 24, and 28 days in growth chambers
according to standard laboratory protocols. In the case of barley, the seed yield decreased by 41% when
the plants were exposed to 50 ppb for 3 days and by 89% when the plants were exposed for 24 days.
However, there were no effects on the above ground and root biomass, plant height, or tiller number after
exposure to 50 ppb for 24 days. Field peas on the other hand were found to be relatively more insensitive
to long-term exposures to ethylene. Exposure of field peas to 50 ppb of ethylene did not result in
significant effects in plant height, number of pods, weight of pods, number of seeds, or seed yield. A
threshold concentration of 50 ppb for long-term exposures was therefore determined from the studies on
barley.

Exposure Scenario 2:

A second exposure protocol included a summary of long-term ethylene exposures in barley, field peas,
and canola where barley plants were exposed to a range of ethylene concentrations (10 — 250 ppb). The
investigators reported a 63% reduction in seed yield of barley when barley plants were exposed to 34
ng/m’ (30 ppb) for 14 days. A threshold concentration of 34 pg/m’ (30 ppb) for long-term exposures was
therefore determined from the second set of exposure scenarios.
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4.3.1.2 Klassen and Bugbee (2002)

Klassen and Bugbee (2002) evaluated the sensitivity of wheat (Triticum aestivum L.) and rice (Oryza
sativa) to continuous ethylene levels ranging from 0 to 1,000 ppb in a growth chamber throughout the
growing season. The authors reported anthesis (flowering stage) to be the most sensitive period for the
crop plants. Exposures that stopped at the flowering stage were found to have lower reductions in yield.
In this experiment, the authors reported that exposure to 50 ppb of ethylene reduced the yield by 36% in
wheat and 63% in rice, respectively. In addition, plants that were exposed to 1000 ppb were found to be
completely sterile. A threshold concentration of 50 ppb for long-term exposures was therefore determined
from the studies on wheat and rice.

4.3.1.3 The Reid and Watson Study (1985)

Reid and Watson (1985) conducted a suite of experiments to determine the effect of various
concentrations of ethylene on plant growth in oats (Avena sativa L. cv. Random) and canola (Brassica
campestris L. cv. Candle) plants. Reid and Watson exposed oats for 100 days to 0, 8, 40, 81, and 173
ng/m’ of ethylene and canola plants to 0, 12, 40, 173, and 690 pg/m’ of ethylene for 87 days. At the 40
ug/m’ concentration, the authors reported per plant floret number to decrease by 26% in oats and per
plant seed yield to decrease by 57%. The authors therefore reported 40 pg/m’ (34 ppb) to be the threshold
concentration at which negative effects occur.

4.3.1.4 The Blankenship study (1993)

Blankenship and colleagues (1993) studied the effects of continuous, low levels of ethylene on growth
and flowering of Easter lily (Lilillum longiflorum) Thumb, cultivar ‘Nellie White’ by exposing Easter
lilies to 0, 0.01, 0.05, or 0.1 ul/l (ppm) ethylene for 77 days. The authors reported that the Easter lilies
continuously exposed to 50 ppb (0.05 ul/l) had greater than 50% decrease in dry weight in both shoots
and inflorescences. In addition, both the 50 and 100 ppb exposure groups were unmarketable. The plants
in the 10 ppb were reported to not be affected and were reported to be marketable. Therefore, the reported
threshold concentration for long-term exposure for flowering plants is 50 ppb.

4.3.1.5 Determination of “"°" ESL ,,

Vegetation-based ESLs are set at the threshold concentration for adverse effects and are determined in
accordance with ESL Guidelines (TCEQ 2006). Amongst all the key studies identified by the TS, the
barley exposure studies (Exposure Scenario 2) reported the lowest threshold concentration of 34 pg/m’
(30 ppb). The TS, therefore, determined the ™" ESL,, to be 34 pg/m’ (30 ppb).
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Table 8. Derivation of the """ ESL .,

Study Alberta’s Ethylene/Crop Research Project Report
111, 2001 (Exposure Scenario 2)

Study population Barley

Exposure Method Growth Chambers

Critical Effects 63% reduction in seed yield for barley

POD (Threshold Concentration) 34 pg/m’ (30 ppb)

Exposure Duration 14 days

PONEST e 34 pg/m’ (30 ppb)

4.3.1.6 Other Vegetation-Based Studies Reviewed by TS

Among crop plants, vegetative effects of cotton (Gossypium hirsutum) and potato (Solanum tuberosum)
have been studied on exposure to ethylene. Hall et al. (1957) reported extensive plant damage in cotton
plants in the vicinity of a polyethylene manufacturing plant in Texas. The reported ambient
concentrations of ethylene ranged from 0.04 to 30 ppm. In addition to reduction in yield, cotton plants
exhibited leaf abscission, scattered seedling death, vine-like growth habit, and abscission of squares. In a
growth chamber experiment, Heck et al. (1961) exposed cotton to constant levels of 40 or 100 ppb
ethylene for 27 days. While no severe plant injury or death was reported, the authors reported a 25-50%
reduction in yield (Heck et al. 1961). Cotton leaf and fruit abscission were also investigated by Hall et al.
(1957). TS did not consider these studies as key studies because these studies were reported either in a
review article or limited dose-response information was presented.

4.4 Long-Term ESL and Values for Air Monitoring Evaluation
The chronic evaluation resulted in the derivation of the following chronic values:

. chronicESLVeg =34 g /m> (30 ppb)
= chronic ReV = 6,100 pg/m’ (5,300 ppb)
¢ romCESLnonlinear(nC) =1,800 Mg/m3 (1,600 ppb )

The long-term ESL for air permit reviews and air monitoring evaluations is the “"*"“ESL,., of 34 pg/m’
(30 ppb). The chronic ReV of 6,100 pg/m’ (5,300 ppb) may also be used in air monitoring evaluations
(Table 1). The Ch“’mcESLnonhnear(m) (HQ= 0.3) will not be used by the TS to evaluate air monitoring data.
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