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Part A.

1 PROPOSAL FOR HARMONI SED CLASSIFICATION A ND LABELLING

1.1 Substarce

Table 1. Substance identity

Substancename: Ethylene oxideoxirane

EC number: 2008499

CAS number: 75-21-8

Annex VI Index number: 603-023-00-X

Degree of purity: Typical concentration:
Concentrati orlrodn de % @

Impurities: unknown i mpurities ( c¢
0.1 % (w/ w))

1.2 Harmonised classification and labelling proposal

Table 2: The current Annex VI entry and the proposed harmonised classification

CLP Regulation

Current entry in Annex VI, CLP Press. Gad\oteU)
Regulation Flam. Gas 1, H220
Skin Irrit. 2, H315
Eye Irrit. 2, H319
Acute Tox. 3 *, H331
STOT SE 3, H335
Carc. 1B, H350
Muta. 1B, H340

Current proposal for consideration | Skin Sens 1, H317

by RAC
Acute Tox3, H301

Acute Tox. 3, H331 (removal of asterisk)

Skin Corr B, H314 (Causes seve skin burns
and eye damage)
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Eye Dam 1H318

STOT RE1 (H372: Causes damage to nervg
systen through prolonged or repeated
exposure)

Repr.2, H361fd

Resulting harmonised classification | Press. Gad\oteU)
(future entry in Annex VI, CLP Flam. Gas 1, H220
Regulation) Eye Damil, H318
Skin Corr B, H314
Skin Sens 1, H317
Acute Tox3, H301
Acute Tx. 3, H331
STOT SE 3, H335
STOT RE1, H372
Carc. 1B, H350
Muta. 1B, H340
Repr.2, H361fd
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1.3

Table 3: Proposed classificatioraccording tothe CLP Regulation

Proposedharmonisedclassificationand labelling based onCLP Regulation

CLP Hazard class Proposed Proposed Current Reason for no
Annex | classification | SCLs and/or | classification? classification?
ref M -factors
2.1. . - - - Not assessed in this
Explosives i
dossier.
2.2. Flam. Gas 1, | - Flam. Gas 1, | Not assessed in this
Flammable gases H220 H220 dossier
2.3. - - - Not assessed in this
Flammable aerosols .
dossier.
2.4, Oxidising gases - - - Not a_lssessed in this
dossier.
2.5. Press. Gas - Press. Gas Not assessed in this
Gases under pressure .
dossier
2.6. Flammable liquids - - - Not a_lssessed in this
dossier.
2.7. Flammable solids - - - Not a_lssessed in this
dossier.
2.8. Selfreactive substances arn - - - Not assessed in this
mixtures dossier.
2.9. T - - - Not assessed in this
Pyrophoric liquids dossier.
2.10. Pyrophoric stids - - - glot a}ssessed in this
ossier.
2.11. Self-heating substances an| - - - Not assessed in this
mixtures dossier.
2.12. Substances and mixtures | - - - Not assessed in this
which in contact with water dossier.
emit flammable gases
2.13. Oxidising liquids - - - Not a}ssessed in this
dossier.
2.14. Oxidising solids - - - Not a_lssessed in this
dossier.
2.15. . . - -- - Not assessed in this
Organic peroxides dossi
ossier.
2.16. Substance and mixtures - - - Not assessed in this
corrosive to metals dossier.
3.1. . Acute Tox.3, - -
Acute toxicity- oral H301
Acute toxicity- dermal - - - No data available
. . Acute Tox.3, - Acute Tox.3 *,
Acute toxicity- inhalation H331 H331
3.2. Skin Corr B, | - Skin Irrit. 2,
Skin corrosion Irritation H314 H315
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3.3 Serious eye damage / eye | Eye Dam1, Eye Irrit. 2,
irritation H318 H319
3.4. - - Conclusive but not
Respiratory sensitisation sufficient for
classification
Skin Sens 1, -
Skin sensitisation H317
3.5. Muta. 1B Muta. 1B Not assessed in this
Germ cell mutagenicity H340 H340 dossier
3.6. Carc. 1B Carc. 1B H35(0 Not assessed in this
Carcinogenicity H350 dossier
3.7. Repr.2, -
Reproductive toxicity H361fd
3.8. i . .| STOT SE 3 STOT SE 3 Respiratory tract
..Sp.ec' Ic target organ toxicit 335 H335 irritation not assesse(
i single exposure in this dossier.
3.9. . . .| STOT RE1 -
Specific target organ toxicit ;375
I repeated exposure
3.10. Aspiration hazard - - Not a_lssessed in this
dossier.
4.1. Hazardous to the aquatic | - - Not assessed in this
environment dossier.
51 Hazardous to the ozone lay ~ i Not assessed in this
dossier.

Dincludingspecific concentration limitsSCLY and Mfactors

2)Data lacking, inconclusivar conclusive but not sufficient for classification

Labelling

Signal word: Danger

Hazard statementst301, H331, H314H317 H335, H340, H350:361fd,H372,

Precautionary statementdo statement codes are proposed since precautionary statements

are not included in Annex VI of Regulation EC no. 1272/2008.

Proposed notes assigned to an entry

Note

U: When put
of the groups compressed gas, liquefied gas, refrigerated liquefied gas or dissolved gas. The

on t he

mar ket

gases

have

group depends on the physicadtate in which the gas is packaged and therefore has to be
assigned case by case.




ANNEX 1 - BACKGROUND DOCUMENTTO RAC OPINION ON EHYLENE OXIDE, OXIRANE

2 BACKGROUND TO THE CLH PROPOSAL

2.1  History of the previous classification and labelling

Classification of ethylene oxide has been included into AdrefxCouncil Directive 67348/EEC

on the approximation of the laws, regulations and administrative provisions relating to the
classification, packaging and labelling of damgus substance®y Commission Directive
91/325/EEC of 1 March 19%dapting to technical progress for thelfth time.

In 1999 a classification for environment has been discussed adheng of the Commission
Working Group on theClassification and Labelling of Dangerous Substances, Pesticides
(ECBI/43/99 Rev. P The Group agreed not to classify ethylemale for the environment

Classification of ethylene oxide has been revisgdCommission Directive 2009/2/EC adapting
Council Directive 67/548/EEC to technical progress for thétidde (inclusion of risk phrase R6)

Ethylene oxide isiow covered by inde number 60323-00-X in Annex VI, part 3, Table 3.1 (list
of harmonized classification and labelling of hazardous substances) of Reg. (EC) No 1272/2008
(CLP regulation)

2.2 Short summary of the scietific justification for the CLH proposal

The Competent Atmority of Austria has initiated substance evaluation for ethylene exm@ding

to Article 45(4) of the REACH Regulatioin the course of the evaluation, the evaluating MSCA
noted that the current harmonised classification entry is incompBsteed onan in-depth
evaluation of the hazard data it is proposed that the current harmonised classification entry for
human health should further includdassification for STOT RE, due to neurological effects
(primarily sensorimotor polyneuropathgeenin humansand animal studiesAs reproductive
toxicity has been seen irarious species including humans a classification as Repr. 2 is proposed.
In addition ethylene oxiddas to be classified asensitizer (Skin Sens 1Allergies of the
immediate type ardocumeétedandcase reports describing contact dermatifter ethylene oxide
contactor allergic reactions after parenteral administratom availableMoreover a classification

for acute oral toxicity (Acute To8, H301) and Skin corrosion (Skin Corr )Bs warranted based

on available animal datalhe asterisk (*) indicating minimum CLP classification facute
inhalation toxicity Acute Tox 3 H331) is no longer necessary since the data confirncuhent
classification.

Based on thorough evaluation oVadable data a revision and an extension of the current
harmonised classification entagyedeemed necessary and an adaption is proposed.
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2.3

231

Current harmonisedclassificationand labelling

Current classification and labellingin Annex VI, Table 3.1 inthe CLP Regulation

Table 4. Current Annex VI Table 3.1 7 Harmonised classification and labelling of hazardous

substances
Index No| International | EC No | CAS | Classification Labelling
Chemical No :
Identification Hazard Clasy Hazard | Pictogram, | Hazard
and Qtegory| statemeni Signal statement
Code(s) Code(s) | Word Code(s)
Code(s)
603023 | ethylene 200 75 Press. Gag) | H220 H220
00-X oxide; 8499 |21-8 Flam. Gas 1 H380
oxirane : GHS02
Carc. 1B H350 H340
GHSO04
Muta. 1B H340 H331
GHSO06
Acute Tox. 3 *| H331 H319
GHSO08
Eye Irrit. 2 H319 H335
Dar
STOT SE 3 H335 H315
Skin Irrit. 2 H315

(Y Note U (*) Minimum Classification

2.4 Current self-classificationand labelling

2.4.1 Current self-classification and labelling based onthe CLP Regulationcriteria

Seltclassification notifications for ethylene oxide by industry are summarized in the C&L
inventory fttp://echa.europa.eu/web/guest/informatbiyachemicals/cinventorydatabase 38
aggregated notificationare presened in the inventory;the total number of notifiers is4R5
(n=2405) (accessed on (0of Decembe015).

In addition to the harmonized classification given above the registrants classify etbylda for
the following properties:

- Acute Tox. 4 (H302: Harmful if swallowedh=1743)

- STOT RE 1 (H372:Causes damage to nervous system through prolonged or repeated
exposure(n=1637)

- Eye Irrit 2A (H319 Causes serious eye irritatjofm=52)
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- Acute Tox3 (H301 Toxic if swallowed) (n=28)
- Skin Sens 1 (H31™ay cause an allergic skin reactjdn=28)
- Acute Tox 2 (H330Fatal if inhaled). (n=47)

- Aquatic Chronic 3H412: Harmful to aquatic life with long lasting effec(ay28)

RAC general comment

Durin g the public consultation (PC) one member state competent authority (MSCA) noted that

after adaptation to  the technical and scientific progress (cf. 4. ATP to the CLP Regulation) the

hazard class "Flammable gases (including chemically unstable gases)" in s ection 2.2 of Annex |
to CLP Regulation has been amended and therefore, ethylene oxide has to be classified as

Flam. Gas 1 ; H220, Chem. Unst. Gas A ; H230. However, since phys ico-chemical hazard
classes were not proposed for classification by the dossier su bmitter ( DS) and were not open
for PC, an evaluation by RAC of this hazard class was not possible.

Ethylene oxide is a colou rless gas at room temperature. It has a boiling point of 10.7°C.
During storage and transport, ethylene oxide is kept as a liquid u nder moderate pressure. In
those situations exposure to | iquid ethylene oxide may occur.

Throughout this document, ethylene oxide has also been abbreviated as ETO.

3 JUSTIFICATION THAT A CTION IS NEEDED AT COMMUNITY LEVEL

According toArticle 36(3) of theCLP Regulation for a substance that fulfils the criteria for other
hazard classes or differentiations than those of CMR or respiratory sensitisation (Cat. 1) a
harmonised classification and labelling proposal can be submitted if a justification is provided
demonstrating the need for such action at Community level.

According to Article 45(4) of the REACH Regulation the Competent Authority of Austria has
initiated substance evaluation for ethylene oxide. In the course of the evaluation, the evaluating
MSCA naed that the current harmonised classification entry is incomplete. Therefore, the current
harmonised classification of ethylene oxide needs to be revised.

Ethylene oxide is a very imp@nt industrialchemical and commonly used in the sterilization of
heat sensitive material8eside its effects on the nervous system ethylene oxide is &masiin

and well documented sensitizer. Therefore update of the Annex VI ethylene oxide entry of
Regulation (EC) No. 1272/2008 is warrantednclude thoseonsideable additional endpointso
subsequentlgnsurea high level of protection of human health according to CLP regulation Article
1(1) and to raise awareness amongst workers

The toxicological data provided in the registration dossier by the lead regetichiopen literature
indicated thaethylene oxideshould beadditionallyclassifiedas Acute Tox3, H30L; Skin Corr B,
H314;Eye Dam 1H318 STOT RE1, H372Skin Sens 1, H31Repr. 2, H361fd

10
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The current classificatiorfor ethylene oxidehas been intrduced by Commission Directive
91/325/EEC (12 ATP). Thisharmonised classification has been translated into harmonised CLP
classification but the DSD criteria sometimes did not fully correspond to a classification according
to the CLP criteriaA minimum classification for acute inhalation toxicity category 3 (Acute Tox
3*) was introduced.To minimize further uncertainty in clsi§ication of ethylene oxide thi
endpointhasbeen evaluateds welland revised in this proposal.

11
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Part B.

SCIENTIFIC EVALUA TION OF THE DATA

1 IDENTITY OF THE SUBS TANCE

1.1 Name and other identifiers of the substance

Table 5: Substance identity

EC number: 200-8499

EC name: ethylene oxide
CAS number (EC inventory): 75-21-8

CAS number: 75-21-8

CAS name: oxirane

IUPAC name: oxirane

CLP Annex VI Index number. 603-023-00-X
Molecular formula: C2H40
Molecular weight range: 44.0526

Structural formula: A

12
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1.2 Composition of the substance

Table 6: Constituents

Constituent Typical concentation Concentration range Remarks
Ethylene oxide 0100.0 % (w/|099-®100.0 %

EC no 2083499

Table 7: Impurities

Impurity Typical concentration Concentration range Remarks

Unknown impurities

0.05 % (w/w)

00 .-00.1 % (w/w)

1.2.1 Composition of test material

This information is given in the study degtions in the relevant chapters if available.
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1.3 Physicachemical properties

Table 8: Summary of physico- chemical properties

Property

Value

Reference

Comment (e.g. measured or
estimated)

State of the substance at
20°C and 101,3 kPa

colorless gas of sweetis

ethereal odour

REACH registration
/ICSR

Melting/freezing point

-111 °C

REACH registration
/CSR

Boiling point

10.7 °C at 1013 hPa

REACH registration
/ICSR

Relative density

0.89 g/cmiat 10 °C

(liquid density at boiling

point)

2.9 kg/m3 at 20 °C (gag

density)

REACH registration
/CSR

Vapour pressure

1456 hPa at 20 °C

REACH registration
/ICSR

Surface tension

not surface active

Datawaived in
REACH registration

Based on chemical structure, 1
surface activity is predicted.

octanol/water

Water solubility miscible in all REACH registration| -
proportions /CSR
Partition coefficient n -0.3at25°C REACH registration| -

/ICSR

Flash point

not relevant

Data waived in
REACH registration

Regardless of the substance
being a gas at room
temperature, and the flash poir
consequently beg of no
relevance under REACHFlash
points of-57 to-17 °C are
reported in the technical
literature.

Flammalility

extremely flammable
gas

Data waived in
REACH registration

The substance is not
pyrophorice, and yields no
flammable gases on contact
with water. Given the
flammability limits in air of 2.6
- 100 vol%, however, the
substance is exdmely
flammable. Agieous solutions
of ethylene oxide are flammabl
to highly flammable liquids,
depending on the concentratio

Explosive properties

explosive under the
influence of a flame

REACH registration
/ICSR

The substance is stable at roof
temperature, however tends t
polymerize violently in the
presence of impurities. The
substance is not sensitive
against shock or friction,

1 Based on registration data, updated Nov 2014
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however explodes under
influence of a flame.
Explosiveness depends on
pressure, temperature,
concentration, the type, form,
and energy of the mgtion
source, and the type of
container Decomposition
temperature: 571 °C
(calculated).

Selfignition temperature

429 °C

REACH registration
/ICSR

Oxidising properties

no oxidising properties

Data waived in
REACH registration

The Substance is incapalie
reacting exothermically with
combustible materials on the
basis of the chemical structure
The substance is extremly
flammable.

Granulometry

not applicable

Data waived in
REACH registration

Substance is marketed or useq
in a non solid or granular form

Stability in organic solvents
and identity of relevant
degradation products

not applicable

Data waived in
REACH registration

The stability of the substance i
not considered as critical

Dissociation constant

not applicable

Data waived in
REACH registréion

The substance does not contai
any ionic structure.

Viscosity not applicable Data waived in Substance is a gas. Values of
REACH registration| 0.00945 mPa_s at 20 °C (gas
phase) and 0.254 mPa_s at 10
°C (liquid phase) are reported.
2 MANUFACTURE AND USES
2.1 Manufacture

Ethylene oxidehas been fully registered as a joint submission in a tonnage ban@o6f0D0+
tonnes per annum aniddividual submissions fomtermediate use only haveeen submitted
(ECHA dissenination website, accessed May 2D15

2.2 Identified uses

Ethylene oxide is registered fonanufacture, formulationndustrial use and use by professional
workers. Ethylene oxide is mainly used for polymeroduction, as an intermediate and as
laboratory agent. But alghe useof ethylene oxide in cagngs and sealings or in plant protection
products is registered.

Detailed hformation on registered uses is given in t&hlES (according taREACH dissemination
website accessed May 2015
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Table 9: Manufacture

Manufacture and distribution of ethylene oxide

Process category

PROC 1: Use in closed process, no likelihood of expo
PROC 2: Use in closed, continuous process
occasional controlled exposu
PROC 3: Use in closed batch process (synthesi
formulation)

PROC 8h: Transfer of substance or preparati
(charging/discharging) from/to vessels/large containel
dedicated facilities
PROC 9: Transfer of substance or preparation into s
containers (dedicated filling line, including weighing)

Environmental release aory

ERC 1: Manufacture of substances

Use as a laboratory agent

Process category

PROC 15: Use as laboratory reagent

Environmental release category

ERC 1: Manufacture of substances

Table 10: Formulation

Polymer

Process categp

PROC 1: Use in closed process, no likelihood of expo
PROC 2: Use in closed, continuous process
occasional controlled exposu
PROC 3: Use in closed batch process (synthesi
formulation)

Chemical product category

PC 32: Polymer preparatisrand compounds

Environmental release category

ERC 2: Formulation of preparations

Use in production of rocket motors.

Process category

PROC 1: Use in closed process, no likelihood of expo

Chemical product category

PC 13: Fuels

PC 32: Polymer prepations and compounds

Environmental release category

ERC 3: Formulation in materials

Table 11: Uses at industrial sites

Polymer production

Process category

PROC 1: Use in closed process, no likelihood of expo
PROC 2: Use inclosed, continuous process wi
occasional controlled exposu
PROC 3: Use in closed batch process (synthesi
formulation)

PROC 8h: Transfer of substance or prepara
(charging/discharging) from/to vessels/large containe
dedicated facilities
PROC 9: Transfer of substance or preparation into s
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containers (dedicated filling line, including weighing)

Environmental release category

ERC 6c: Industrial use of monomers for manufacture
thermoplastics

Sector of end use

SU 8: Manufacture of bulk large scale chemica
(including petroleum products
SU 9: Manufacture of fine chemicals

Use as an intermediate

Process category

PROC 1: Use in closed process, no likelihood of expo
PROC 2: Use in closed, continuous process
occasional contited exposure
PROC 3: Use in closed batch process (synthesi
formulation)

PROC 8h: Transfer of substance or prepara
(charging/discharging) from/to vessels/large containe
dedicated facilities
PROC 9: Transfer of substance or preparation sntall
containers (dedicated filling line, including weighing)

Environmental release category

ERC 6a: Industrial use resulting in manufacture
another substance (use of intermediates)

Sector of end use

SU 8: Manufacture of bulk, large scale chemic
(including petroleum products
SU 9: Manufacture of fine chemicals

Use of Polymer

Process category

PROC 21: Low energy manipulation of substances bg
in materials and/or article
PROC 26: Handling of solid inorganic substances
ambient temperature

Environmental release category

ERC 5: Industrial use resulting in inclusion into or ont
matrix

Sector of end use

U 14: Manufacture of basic metals, including allg
SU 15: Manufacture of fabricated metal products, ex
machinery and equipment

Industrial use of EO cartridge as auxiliary to specific Medical Device

Process category

PROC 3: Use in closed batch process (synthesi
formulation)

Environmental release category

ERC 4: Industrial use of processing aids in processes
products, not becomg part of articles

Coatings and sealants

Process category

PROC 10: Roller application or brushing

Environmental release category

ERC 8c: Wide dispersive indoor use resulting in inclus
into or onto a matrix

Sector of end use

SU 19: Building and comsiction work
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Table 12 Uses by professional workers

Use as a laboratory agent

Process category PROC 15: Use as laboratory reagent

Environmental release category ERC 1: Manufacture of substances

Polymer to be used in a Plant Potection Product

Process category PROC 8a: Transfer of substance or prepara
(charging/discharging) from/to vessels/large containel
non-dedicated facilities

PROC 9: Transfer of substance or preparation into s
containers (dedicated filling l@ including weighing
PROC 8h: Transfer of substance or prepara
(charging/discharging) from/to vessels/large containel
dedicated facilities
PROC 11: Non industrial spraying

Environmental release category ERC 8d: Wide dispersive outdoor use obgessing aidg
in open systems

Sector of end use SU 1: Agriculture, forestry and fishing

Professional use of EO cartridge as auxiliary to specific Medical Device

Process category PROC 3: Use in closed batch process (synthesi
formulation)

Environmetal release category ERC 8a: Wide dispersive indoor use of processing ai(
open systems

Coatings and sealants

Process category PROC 10: Roller application or brushing

Environmental release category ERC 8f: Wide dispersive outdoor use resulting
inclusion into or onto a matrix

Table 13: Article Service life
Used in the manufactue of polymers

Environmental release category ERC 1 Manufacture of substanc
ERC 6a: Industrial use resulting in manufacture
another substance (use of intermediates

ERC 6c: Industrial use of monomers for manufacturg
thermoplastics

Use in production of rocket motors.

Environmental release category ERC 3: Formulation in materials
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3 CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Ethylene aide is classified aBress. Gad-lam. Gas 1H220.No further evaluation done.

4 HUMAN HEALTH HAZARD ASSESSMENT

This CLH proposal is based on theformation from REACH registration public available
literatureand the information given by industry in tbeurse of a substance evaluatdone by the
MSCAZ,

4.1  Toxicokinetics (absorption, metabolism, distribution and elimination)(SCOEL, 2012
Fennell, 200}

Toxicokinetic models for ethylene oxide have been developed and gradually imgFarestll,

2001; Csandy, 2000).Ethylene oxide is readily taken up by the lunigshumans tsteady state

20i 25 % of inhaled ethylene oxide reaching the alveolar space is exhaled as unchanged compound,
and 7580 % is taken up by the bodgulmonary uptakeand metabolised=or mice and rats the

uptake was set at 40% and 43% respecti\iEtlyylene oxide is relatively stable in aqueous solution

(tu2 ~76h) facilitating its ability to distribute readily throughout the boblye halflife of ethylene

oxide in human blood has beetalculated to be48mn (Fennell, 2001) Accordingly, no
accumulation of ethylene oxide in humans over a working week is to be expected.

In rats treated with100ppm “C-labdled ethylene oxide for 6 hourd8 hours after the end of
exposure, 60 % of the reeered radioactivity was found in the urine, about 6 % in the faeces, and
about 9 % as C£and 1 % as unchanged ethylene oxide in the exhaled air. In the internal organs,
the highest level of radioactivity was found in the liver, followed by the red ldelt&l kidneys and
adrenals

An overview on the metabolic pathways of ethylene oxide is giv&igurel. In humans the major
amount of ethylene oxide is metabolized by hydrolysis, only 20% are converted tdighgat
conjugates and there is little change in metabolism with increasing exposure concentration. In mice
and rats a higher portion of ethylene oxide is metabolized by GSH conjugation (80% and 60 %
respectively)resulting in a depletion of GSH at higherpesure concentration€L00ppm and
above) and nortlinearity in metabolic elimination of ethylene oxidéccording to available
experimental dataumans lacking the glutathione transferase human (h)GSTT1 ayeraore
susceptible towards the sistdrromatidexchangeinducing effect of ethylene oxide than were
carriers of thenGSTT1 geneGenetic factors are therefoy@intly responsiblefor differences in
susceptibility of humans to effects of ethylene oxide

Due to its intrinsic chemical reactivitythy/lene oxide alkylates a variety of differentesitof
biological macromoleculeg.a. proteins at the electraith functional groups of the amino acids
cysteine, histidine and valipewithout requiring prior metabolic activationn the blood 2-
hydroxyehyl adducts withhemoglobin are reportefbr ethylene oxideexposedhumans.For an

2 http://echa.europa.eu/informati@m-chemicals/evaluation/communiwlling-actionplan/corap
tablet/substanceev/3082/term
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occupational exposure (8 h/day, 5 days/week) to 1 ppm E@earoglobinadduct level of 2.4
nmol/g Hb is expected at steady stg@asanady, 2000).

endogenous sources exogenous ethylene

of ethylene oxide
P /

CH,—CH,
ethylene oxide

epoxide
hydrolasc/ l GST (GSTT1-1)

HO-CH,-CH, -OH S-(2-hydroxyethyl)glutathione

-glu
y -gly

2-hydroxyethyl)cysteine

intermediary S-
metabolism

—

acetylation

4

N-acetyl-S-(2-hydroxyethyl)cysteine

Figurel: Metabolic pathways of ethylene oxide (SCOEL, 2012).

4.2  Acute toxicity
4.2.1 Non-human information

4.2.1.1Acute toxicity: oral

Ethylene oxide isot classifiedfor acute oral toxicityso far The relevant studiefer this endpoint
are given infable14.

Table 14: Summary table of acuteoral toxicity studies.

Method Results Remarks Reference
rat (Wistar) male Rat: 2 (reliable with Smyth H.F.

_ restrictions) 1941
oral: gavage LDso= 330 mg/kg bw (mn (1941)

_ _ Key study
~10 animals/group Guinea pig
LDso= 270mg/kg bw (m/f) | weight of evidence
Acute Tox Classnethod
no data on exact
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number of animals

and doses
Observation for 14d administered

available.

Test material
ethylene oxide

rat LDso: 330 mg/kg bw 2 (reliable with | BruhinH.
restrictions) (1961)
oral: feed *)
Supporting study
equivalent or similara OECD
Guideline 401 (Acute Oral Test material
Toxicity) ethylene oxide
mice, guinea pig LDso: 280 and 365mg/kg bw| Supporting study | woodard G.
| (f/m mice) (1971).
ora LDso: 270mg/kg bw (guinea
pig) as cited in
WHO, 2003,
Study not
available

(*) this study is mentioned in tlaggregated CSR, provided by EEHuring substance evaluation.
No further evaluation possible as it is not publically aabié.

Only a few dé&éa on the oral route of exposure are available but theyhaW $Dso values in the
same order of magnitude.

Smyth (1941) investigatedcute oral toxicity o060 glycol and glycol derviataa male Wistar rats
and guinea pigs (m/f)fest substance was adnstered by gavagdhe diluent was always water
(except for insufficient soluble material which theasmhandled as temporary dispersions in 1%
agueous sodium sulphate of heptadecardd).information on concentratiorms number of animals
per dosds given. All deaths within 14 days after exposure were considered fey ddlculation.
For rats an Ly of 330mg/kg bw (95% C.I. 29860mg/kg bw) and for guinea pigs an do»f
270mg/kg bw (95% C.lI. 19880mg/kg bw) was calculated.

Bruhin (1961)confirmsan LDso of 330mg/kg bw for rats whilgVoodard (1971) investigated mice
(LDs0=280mg/kg (f) and LBw=365mg/kg (m)) and guirepigs (LDsoc=270mg/kg). No further
details on these studies are available.

Due to the pysicochemical properties of ethylene oxithe plysical state at room temperature is
gaseousln the available literature describing the oral acute toxicity tests no information is given on
how the oral application was performed. Ethylene oxide is liquid at 10°C and completely miscible
with water (high vater solubility) therefore administran by oral route is possibl&ome of the
applied EO might have been lost by evaporation during handling/administration so the aetual LD
values might even be lower than reported.
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Ethylere oxide is classified for this endpoint Asute Tox.3*, H331 {Toxic if inhaled. The
relevant studies are givenTiable15.

Table 15: Summary table of relevant acutanhalation toxicity studies

Method Results Remarks Reference
rat (Spragudawley) male LCso0(4 h): 1460 ppngrat) 2 (reliable with Jacobson, K.H.
(882-2298ppm)(10 rats per restrictions) (1956)

dose)

Mice (5331365ppm)10 mice
per dose)

Dogs(327-2830ppm)3 dogs
per dose)

inhalation: gas
4h chamberexposure

14day observation

LCso (4 h): 8%Bppm (mice)
LCso (4 h): 960ppm (dogs)

supporting study

Test material
ethylene oxide

rat (Spraguddawley) male,
female(5 rats per dose)

ethylene oxide vapour 850
2182ppm

4h chamber exposure

14day olservation

LCso (4h): 1972ppm(male),
1537ppm(femalg, 1741ppm
(combined sex@s

2 (reliable with
restrictions)

Test material:
ethylene oxide

Nachreiner D.J.
(1991)

and

Snellings W.M
(2011)

rat (Spragudawley) male(5
rats per dose)

LCso (1h): 5748ppm (male),
4439ppm (female), 5029ppn
(combined sexes)

2 (reliable with
restrictions)

Nachreiner D.J.
(1992)

Conc: 3609%6161ppm Test material: and
ethylene oxide )
1h chamber exposure Snellings W.M
: (2011)
14day observation
Mice B6C3F1(5 animals per | LCso(4h): 660ppm (female) | 2 (reliable with NTP (1987)

sex and da=)
4h chamber exposure

100-1600ppm

No LCsocalculated for males

restrictions)
key study
GLP

Test material:
ethylene oxide
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Jacobson, 19binvestigated the effects of acute exposure to ethylene owidgeale white rats,
female white mice and male beagle dogs. Animals were exposed for 4h with exposure concentration
varying for rats from 882298ppm, for mice from 533365ppm and for dogs from 32B30ppm.
Mortality is shown inTable16. The LGs for rats was estimated to be 1460ppm, for mice 835ppm
and for dogs 960ppm. Signs of toxicity in rats were nasal discharge, lacrimation, diarrhea, gasping
and salivation.

Table 16: Mortality after exposure to ethylene oxide vapour for 4 hours (Jacobson, 1956)

rats mice dogs

ppm mortality ppm mortality Ppm mortality
2298 10/10 1365 10/10 2830 3/3

1992 10/10 1343 10/10 1393 33
1843 9/10 960 7/10 710 0/3

1648 4/10 882 3/10 327 0/3
1343 2/10 860 6/10

882 2/10 533 1/10

In another & acute inhalation study, groups of five male and five female Spiaguwey rats were
exposed to ethylenexie (99.9%) vapor at 850, 1448 1021ppm. Groups of five males also were
exposed t®0260r 218%pm and five females weexposed to 1637ppifTable17). The animals

were exposed in a 1300 glass and stainless steel dynamic chamber. Surviving animals were
observed for 14 days after exposure. TheoMas 1972ppm (C.l. = 1887 to 2061) for male rats,
1537ppm (C.I. = 1391 to 1698ppm) for female rats, and 1741ppm (C.l. = 1655 to 1831ppm) for the
combined sexes. Dugnexposure, signs of eye, nasald oral irritation (blepharospasm; wetness
and encrustation around the eyes, nose, and mouth; swolleis®y®) t hypoactivity, and signs of
respiratory distress (audible respiration, mouth breathing, increased or shallow respiration, and
gasping) were notecClinical signs immediately after exposure included tremors and an absence of
tail and toe pinch reflexn some groups. Clinicasigns indicative of eye and respiratory tract
irritation and neurologic effects were observed during the first 3 or 4 days after exposure. No
clinical signs were observed after the day of exposure in the 1021ppm group or adeindag

other exposure groups (Nachreiner, 1991 as cited in National Research Councipu2disbed in
Snellings, 201}).

In a 1h acute inhalation studyoups of fivemale rats were exposed neeasuredoncentrations of

6161, 5546 or 4827ppm amploups of fivefemde rats to concentrations of 4824202, 4064, 3966

and 3609ppm. No deaths occuriadthe male group exposed to Zgpm or h the female group
exposed to @09ppm(Tablel7). The LGowas 5748ppm (95% C.l. = 5276 6262ppm,) for males,
4439ppm (C.1. = 4034 to 4884ppm) for females, and 5029ppm (95% C.I. = 4634 to 5459ppm) for
the combined sexes. Because of extreme variations in the analytic concentrations (3584 to
4432ppm), which probably explain the unusual mdstatite, the 4064ppm female group was not
included in the calculation for the k& Clinical signs of toxicity were observed in all groups
during and after the-h exposure up to day 3 or 4 postexposure. Restlessness was observed in all
groups during theilst 10 min of exposure. In all groups of males and in the 4827ppm female group,
only lacrimation was observed on the day of exposure; periocular wetness was observed in the
remaining female groups. These findings suggest that ethylene oxide was irtadtiegeyes and

the respiratory tract and toxic to the nervous system. Gross examination showed effects in the nose,
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lungs, and kidneys. Lung weights were elevated in animals that died before the study ended
compared with the lungs of animals that surdiwstil study termination, particularly in the male
groups (Nachreiner, 1992 as cited in National Research Council;, p0blshed in Snellings,

2017). An extrapdation of the results to 4 hour testing exposure (by dividing by a factor of 2)
results in arLDsp (4h) = 2220ppm for the most sensitive female rats.

Table 17: Mortality rate in mice after 4h and 1h exposure to ethylene oxide (Nachreiner, 1991
and 1992)

4h exposure (Nachreiner, 1991) 1h exposure (Nachreiner, 1992)

ppm male females ppm male females

2182 4/5 6161 4/5

2026 4/5 5546 1/5

1850 0/5 5/5 4827 0/5 5/5

1637 4/5 4202 1/5

1443 0/5 1/5 4064 5/5

1021 0/5 0/5 3966 2/5
3609 0/5

@ Not included in L& calculation

In an inhalation study by NTP1987 groyss of five male and female mice were exposed to
ethylene oxide concentrations df00, 200, 400, 800, 1600ppm for 4h. No animals died after
exposure to 100200and 400ppm. All males exposed to 800ppm died 2 to 6 days after exposure
and four females exposéd 800ppm died 1 to 3 days after exposure. All male and female mice
exposed to 1,600 ppm died within 4 h after expogseeTable18). Lacrimation and dyspnea were
observed at 800ppm; severe dyspnea, incoordination, semicarsessy and diarrhea were
observed in animals exposed to 1600ppm. No clinical signs were described for thandiO0
400ppm groups. An L& value of 66@pm (95% C.I. = 509 to 856ppn{jemale mice)was
calculatedoy the SpearmaKarber method

Table 18: Mortality of mice after exposure to ethylene oxide vapour for 4 hours (NTP, 1987).

B6C3F mice
ppm mortality males mortality females
100 0/5 0/5
200 0/5 0/5
400 0/5 0/5
800 5/5 4/5
1600 5/5 5/5

4.2.1.3Acute toxicity: dermal

No acute denal toxicity studies are available. No classification for this endpoint.
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4.2.2 Human information

Casuistic reports of human intoxications showed symptoms like headaches, nausea and generally
persistent periodic vomiting. Dyspnoea, irritation of the eyes andrupppiratory mucosa, heart
damage, excitation, stupor, vertigo and loss of consciousness were also observed. Clinical
pathological investigations revealed spontaneous nystagmus, impaired hearing, bilirubinuria,
cardiac arrhythmia. The symptoms of systemtoxication (e.g. headaches, vomiting) often appear
before the local effects (irritation). Depending on the exposure conditions, the first symptoms
appeared either during exposure or within a few minutes to several hours after the end of exposure.
Permaent health impairment as a resultaguteethylene oxide intoxication has not been described
(DFG, 1993).

4.2.3 Summary and discussion of acute toxicity
Oral:

The available data on this route of exposure is limied.oral exposure an lg9= 330 mg/kg bw
for male rats can be derived (Smyth, 198tuhin, 196). Mice and Guinea pigs were the most
sensitive species with an kPof 280mg/kg bwand 2Dmg/kg bwrespectivelyLDso valuesare all

in the same order of magnitude.

Inhalation:

Acute toxicity after inhal@on has been investigated in 3 species showing toxic sffeetdyspnea,
diarrhea, lacrimation, incoordinatiosemconsciousnesgremor, etc. These effects are the result of
irritation of the eyes and the respiratory tract as well as toxicity to ¢neous systemFor
inhalatory exposurg4h) of rats an LGy = 1460ppm (Jacobson, 1956) or G 1741ppm
(Nachreiner 1991) can baerived. For mice anLCso = 660pm (NTP, 1987)can bederived.
Generally the lowest valid value would be the basis for claasdn. Currently ethylene oxide is
classifed according toRegulation EC) No. 1272/2008 as ate toxic (Acute Dx 3*) via the
inhalation route.

4.2.4 Comparison with criteria

Oral:

According to the CLP criteria, classification as Acute ToxiGitforal) need to be assigned if the
acute toxicity value expressed asskDalue or as acute toxicity estimates is betwd@rand 80
mg/kg bw.

The LDso deduced from the existing studiei®mg/kg bw(guinea pig.
Inhalation:

According toTable 3.1.1 oRegulation(EC) N0.1272/2008 LGpVvalues between 500 and 2500ppm
(4h exposureheeds to be classified as Acute Tofirhal).

The results of the available studies are well between these lithésnost sensitive species (mice)
showed an LBy=660ppm for 4h exposar(NTP. 1987).

25




ANNEX 1 - BACKGROUND DOCUMENTTO RAC OPINION ON EHYLENE OXIDE, OXIRANE

4.2.5 Conclusions onclassificationand labelling

Based on the criteria for the oral route of exposure ethylene oxide has to be classified as Acute Tox
3, H301

According to the criteria ethylene oxide Bhiae classified as Acute Tox, H331 Curently
ethylene oxide is harmonised classified as Acute Tox 3* (H331) for the inhalatory route of
exposure. A removal of the asteriék is proposed. The asterisk indicates a minimum CLP
classification which is no longer necessary since the data caigrigiassification.

RAC evaluation of acute toxicity

Summary of the Dossier Submitterdéds proposal

Acute toxicity: oral

The DS summarised three studies (all predating GLP and OECD test Guidelines) on oral toxicity

of ethylene oxide. Smyth et al. (1941) pres ented LD so values of 60 glycols and glycol
derivates, one of them being ethylene oxide, obtained from studies with male Wistar rats and
male/female guinea pigs exposed by gavage. No details on test material concentrations were

reported and in most cases te n animals per dose group were used. The LD so for ethylene oxide
in rats was reported as 330 mg/kg bw and for guinea pigs as 270 mg/kg bw. All deaths
occurring within 14 days after exposure were considered when calculating the LD 50 values.

The LD so of 330 m g/kg bw was later confirmed in a study equivalent or similar to OECD Test
Guideline (TG) 401, where rats were exposed to ethylene oxide via the feed (Bruhin et al.,
1961). No further details of the study were available.

LDso values of 280 mg/kg bw and 365 mg/kg bw were obtained for female and male mice,
respectively, in an oral study (Woodard and Woodard, 1971; cited in WHO, 2003). The same
study showed an LD 50 of 270 mg/kg bw for the guinea pig. No further details of the study were
available.

The DS pointe d out that ethylene oxide is gaseous at room temperature. No details were

available on how, and under which conditions, the oral application was performed in the acute

oral toxicity studies. The DS concluded that a proportion of the ethylene oxide might ha ve
evaporated during handling/administration, meaning that the actual exposure doses might

have been lower than reported.

The DS proposed classification as Acute Tox. 3; H301.
Acute toxicity: inhalation
Acute inhalation studies have been performed with eth ylene gas.

An NTP study (1987) performed with male and female B6C3F1 mice was identified by the DS

as the key study for acute inhalation toxicity of ethylene oxide. Groups of five female and five

male mice were exposed to 100, 200, 400, 800 and 1600 ppm et hylene oxide for four h. No
deaths were observed at 100, 200 and 400 ppm. 5/5 male mice and 4/5 female mice exposed

to 800 ppm died 1 -3 days after exposure. At 1600 ppm, all male (5/5) and female (5/5) mice

died within 4 h after exposure. No clinical signs were described at 100  -400 ppm. In the groups
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exposed to 800 ppm ethylene oxide, lacrimation and dyspnoea were observed. The clinical

findings reported at the highest dose included severe dyspnoea, incoordination, semi -
consciousness and diarrhoea. An LC 5o value of 660 ppm (95% CI 509 -856 ppm) was calculated
(female mice) based on the results.

The effects of acute inhalation exposure to ethylene oxide were studied in groups of five male

Sprague -Dawley rats exposed for 4 h at concentrations of 1021, 1443, 185 0, 2026 or
2182 ppm and in groups of five females exposed at concentrations of 1021, 1443, 1637,

1850 ppm (Nachreiner, 1991; described in Snellings, 2011). Surviving animals were observed

for 14 days after exposure. Clinical signs indicative of eye, nasal and oral irritation
(blepharospasm; periocular/perinasal/perioral wetness, swollen eye tissue), hypoactivity and

signs of respiratory distress (audible respiration, gasping), as well as absence of tail/toe pinch

reflex were observed during or immediately a fter the exposure. Similar clinical signs indicating

eye and respiratory tract irritation and neurological effects were observed during the next 3 -4
days after exposure. No indications of clinical effects were observed after day 4. The numbers

of dead male animals were as follows: 1850 ppm: 0/5; 2026 ppm: 4/5; 2182 ppm: 4/5. An

LCso value of 1972 ppm (95% confidence interval (Cl) 1887 -2061 ppm) was calculated for
male rats. For female animals the following deaths occurred: 1443 ppm: 1/5; 1637 ppm 4/5;
1850 ppm: 5/5, leading to LC 50 = 1537 ppm (95% CI 1391 -1831 ppm). The LC 5o value for the
combined sexes was 1741 ppm (95% CI 1655 -1831 ppm).

Exposure of groups of Sprague  -Dawley rats to ethylene oxide for 1 h by inhalation resulted in

LCso values of 5748 ppm (9 5% CI 5276 -6262 ppm) for males, 4439 ppm (95% CI 4034 -4884
ppm) for females, and 5029 ppm (95% CIl 4634 -5459 ppm; combined group) (Nachreiner,

1992; described in Snellings, 2011). The exposure concentrations for groups of male rats

(n=5) were 4827, 5543 and 6161 ppm, and for female rats (n=5) 3609, 3966, 4064, 4202 and

4827 ppm. When adjusted to 4 h of exposure, the corresponding LC so values were 1437 ppm
(males) and 1110 ppm (females).

In an inhalation study (Jacobson and Hackley, 1956), the acute effects o f ethylene oxide were
studied in male Sprague -Dawley rats, female white mice and beagle dogs. The animals were
exposed for 4 h at concentrations of 882 -2298 ppm (rats), 533  -1365 ppm (mice) and 327 -
2830 ppm (dogs). Based on the mortality observed in the stu dy, the LC so values were

calculated as follows: rats 1460 ppm, mice 835 ppm and dogs 960 ppm. Clinical signs of
toxicity included nasal discharge, lacrimation, diarrhoea, gasping and salivation.

The DS proposed classification as Acute Tox. 3; H331.
Acute t oxicity: dermal

No data were available and no classification was proposed.

Comments received during public consultation

Comments on acute oral toxicity were received from one MSCA and one national authority who
supported the proposal for classification as Acute Tox. 3; H301l. Two industrial/trade
association stakeholders commented that it is questionable whether it is relevant to classify
ethylene oxide for acute oral toxicity as it is gaseous at room temperature.

Two MSCAs and one national authority support ed classification as Acute Tox. 3; H331. No
other comments were received on acute toxicity by inhalation.
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Assessment and comparison with the classification criteria

Acute toxicity: oral

The lowest LD so value, 270 mg/kg bw, was obtained in two studies with guinea pigs. An LD so
value of 280 mg/kg bw was obtained in a study with female mice. According to the CLP
criteria, classification is required where the LD soi s O 2000 mg/ kg bw. F U

acute toxicity value expressed as LD so IS between 50 mg/kg bw and 300 mg/kg bw, the
resulting classification is Acute Tox. 3; H301. Thus, RAC agrees with the proposal of the DS to
classify ethylene oxide for oral ac ute toxicity as  Acute Tox.  3; H301 (Toxic if swallowed)
Ethylene oxide is a colourless gas at room temperature. It has a boiling point of 10.7°C.
During storage and transport, ethylene oxide is kept as a liquid under moderate pressure. In
those situations  exposure to liquid ethylene oxide may occur.

Acute toxicity: inhalation

In the inhalation studies, the LC so values, calculated for 4 -h exposure, varied between
660 ppm (female mice) and 1972 ppm (male rats). According to the CLP criteria, classification

is required wherethe LC s0i s O 20000 pp m. For cl| as s 8;H33t, the LCo Bo
needs to be between 500 and 2500 ppm. All LC so derived from the different studies were well
between these limits. RAC agrees with the proposal of the DS to classif y ethylene oxide for
acute toxicity by inhalation as Acute Tox. 3; H331 (Toxic if inhaled)

4.3  Specific target organ toxicityi single exposurdSTOT SE)

Ethylene oxides classifiedas irritant to the respiratory tra(@TOT SE 3. In addition effects on
the nervous system after single exposure are described in literature.

4.3.1 Summary and discussion of Specific target organ toxicitysingle exposure

4.3.1.1Human information

Human evidence and effects seen in a study with ratsgive concern about neuoxicity after single
exposure to ethylene oxide.

Table 19: Human evidence for neurotoxicityafter single exposure.

Method Results Remarks Reference
Nausea, stomach spasmg _ Salinas E. (1981
Case report43-yearold female |paleness, light. headedng Supporting study
nurseg short periods of
unconsciousness, S
Accidental release of ethylene |convulsive movements of (cited in US
oxide vapoul(estimated 500ppn/arms and legs, periods of EPA, 2010)
apnea, muscle twitching,
nausea
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Method Results Remarks Reference

Duration: 23min
Inability to perform minor
motor tasks continueior

up to 1 week after exposu

Irrit. of upper resp.tract, _ Deleixhe P.A.
Case report (n=5) headache, intense Supporting study (1986)
_ generalized pruritus
Accidental release ; >260ppm (cited in US
muscular weakness in on
Duration: 30min worker Coexposure EPA, 2010)

ethylene oxide an
carbon dioxide

Headaches, skin and eye Bryant H.E.
Survey (n=165) irritation, dry mouth, sore (1989)
throat, skin rash, loss of
11-23.5ppm serse of smell, shortness (cited in US
breath, nausea, numbnes EPA, 2010)

Duration per cycle: 2.77
11.75min

in fingers, drowsiness

After short term/single exposure due to accideffiscts on the central nervous system have been
observed. Salinas (1981) described thse of a 43ear old nurse. Exposure to ethylene oxide
during disposal of a dropped ampule-3f2in, 500ppm) resulted in nausea, stomach spasms,
paleness, light. headedness, rélperiods of unconsciousnesgnvulsive movements of arms and
legs, periodsof apnea, muscle twitching and nausea. Malaise continued for 24h after exposure.
Malaise and an inability to perform minor tasks continued for up to 1 week after exposure. The
patient was asymptomatic 2 months after exposure (US EPA, 2010).

Five hospitalworkers are described by Deleixhe (1986), who were exposed for 30min to ethylene
oxide vapors emitted from a leaky sterilizeeR§Oppm). The sterilizing gas was a mixture of
ethylene oxide and carbon dioxide. Two workers experienced only headache aheadvenich
disappeared within 70h after exposure. The other three showed more serious signs of toxicity like
irritation of the upper respiratory tract, dry mouth and thirst, conjuctival irritation, severe headache,
intense generalized pruritus; muscular kvesss in one worker and dizziness in anothkS EPA,

2010).

Bryant (1989) made a survey on sterilizer workers in 27 hospitals; 165 workers were identified by a
guestionnaire to have short teemposure to ethylene oxide. The exposure duration per cycle
ranged from peaks dflppmto 23.5ppm.The total exposure concentration per sterilizer cycle
ranged fromundetectable to 10.7 ppm with exposure durations per cycle ranging from(269 s

min) to 705 s (11.75 min)The mean conceration per cycle was 3Jpm. The detection of the
ethylene oxide odor suggests that the concentrations exc2é@qupm, at least brieflyfhe most
prevent symptoms were headaches, skin and eye irritation, dry nsowhthroat, skin rash, runny
nos, loss of sense amell, shothess of beath, nausea, numbness in fingers and drowsiness. No
distinction between shetéerm effects and effects due to repeated exposure is possible (US EPA,
2010).
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4.3.1.2Non-human information

Effects on the nervous system of animalyvehbeen observedn an acute exposure study by
Snellings (2011). Groups of five SpragDawley rats/sex were exposéat 1h or 4h to ethylene

oxide concentrations ranging from 1443ppm up to 6161@d clinical signs and mortality were
recorded. For details see chapter hzboth the thour and 4hour studies, clinical signs of ataxia,
tremors, absence of the startle reflex, absence of the tail/toe pinch reflex, and decreased respiration
rate were noted, and all of these could have a neurologic effect from EO exposamrgsaent.

For all groups no clinical signs were observed in survivors after postexposure (day 5 after 4h
exposure, day 2/3 after 1h exposure).

US EPA (2010) describes an acute neurotoxicity study (Mandella, 1997a) where groups of 10 male
and 10 female SpgueDawley rats were exposed by whole body inhalation to ethylene oxide at O,
100, 300, or 500 ppm for 6 h and observed for 14 days after exposure. Neurobehavioral assessments
that included the standard functional observational battery (FOB) and matotyaests were
performed on all animals on day 1 and on days 8 and 15 after exposure. The results of the FOB
assessment showing expostetated effects (slightly impaired locomotion, drooping {uédsed

eyelids, no reaction to approach, low arouddf).clear exposure related effects were observed on

day 8 and 1%reversibility of effects)

Table 20: Neurotoxicity in animals after single exposure

Method Results Remarks Reference
Acute neurotoxicity study NOAEC=100ppm Supporting study |Mandella R.C.
FOB (day 1): The (1997a)
SpragueDawley ratg10m and |incidences of low arousal
10f each group) and no response to
approach were significant
Concentration: 1,100, 300, increased in male rats an (cited in US
500ppm both sexes combined at 3 EPA. 2010)
and 500 ppm, antthe
Exposure: inhalation 6h incidence of droopy, half
closed eyelids was Study not availabl

significantly increased in
both sexes at 500 ppm.
Motor activity was
decreased in both sexes
500 ppm and in males at
300 ppm and was
correlated with the
decrease in normal
exploratory activity.

No clearexposurerelated
effects were observed on

day 8 or 15.
Acuteinhalation toxicity study |4h: absence of tail/toe Supporting study |Snellings W.M.
pinch reflex, tremor (2011)
SpragueDawley ratg5f+5m per GLP
group) No signs after

postexposure day 5
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Method Results Remarks Reference

Exposure: 1h, 4h
1h: absent startle reflex

Concentration: ataxia, tremors
4h: 21&-1443ppm No signs after
1h: 61613966ppm E)f;)stexposure day 2 (m), !

4.3.2 Compaison with criteria

Substances that have produced significant toxicity in humans or that, on the basis of evidence from
studies in experimental animals, can be presumed to have the potential to produce significant
toxicity in humans following single expose have to be classified in Category 1. Substances are
classified in Category 1 for specific target organ toxicity (single exposure) on the basis of:
(a) reliable and good quality evidence from human cases or epidemiological studies; or
(b) observations from apppriate studies in experimental animals in which signifiGard/or
severe toxic effects of relevance to human health were produced at gelogvadyposure
concentrations.
Substances are classified in Category 2 for specific target organ toxicitye(sixgbsure) on the
basis of observations from appropriate studies in experimental animals in which significant toxic
effects, of relevance to human health, were produced at generally moderate exposure
concentrations.

Guidancevalue (inhalation) for clagfication as STOT SE Category 1 iO2500ppmV/ 4h al
STOT SE Category 2 200000C0O2500ppmV/ 4h.

Human evidence after exposure to ethylene oxide vapor is available. Effects on the nervous system
have been seen after two accidental expasaresstimated concentratiomd 500ppm (n=1) or
>2680ppm (n=1). The effects seen in the survey cannot clearly be attributed to a short term exposure.
First dfects in ratavere seen at concentrations of 300ppm (NOEAC=100ppm)

4.3.3 Conclusions on classification and labelling

There is some evidence fromd case reports that ethylene oxaftectsthe nervous system after single
exposureAnimal studies also show impairment of the nervous system but these effects were reversible
in rats.

Based on theninor severity of effects and the reversibility clasification for STOT SE is proposed.

RAC evaluation of specific target organ toxicity T single exposure
(STOT SE)

Summary of the Dossier Submitterds proposal

Ethylene oxide has an existing classification as STOT SE 3; H335 for respiratory irritation.
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These effects were not included in the evaluation of the DS which focused on neurological
effects relevant for classification for STOT SE.

Information on humans

Three studies indicating human neurological effects after single exposure were included in
the doss ier.

In a case report on a 43  -year old nurse, effects occurring after exposure to ethylene oxide
(estimated concentration 500 ppm) for 2 -3 minutes during disposal of a dropped ampule
were reported (Salinas, 1981; cited in US EPA 2010). The symptoms include d nausea,
stomach spasms, paleness, light -headedness, short periods of unconsciousness, convulsive
movements of arms and legs, periods of apnoea, muscle twitching and nausea. Malaise and

an inability to perform minor tasks persisted for up to one week afte r exposure. Two months
after the exposure, the patient was asymptomatic.

Another case report (Deleixhe, 1986; cited in US EPA 2010) described the exposure of five
hospital workers, due to a leakage of sterilising gas consisting of ethylene oxide and carbon

di oxi de. Based on the odour, it was estimated th
260 ppm. Two of the workers suffered from headache and diarrhoea, which disappeared
within 70 h after exposure. The other three exposed workers had more severe sy mptoms,

including severe headache, upper respiratory tract irritation, conjunctival irritation, intense
generalised pruritus, dry mouth and thirst. Furthermore, one of the workers suffered from
muscular weakness and another one from dizziness.

In a survey distributed to hospitals, 165 steriliser workers were identified as having short -
term exposure to ethylene oxide (Bryant 1989, cited in US EPA 2010). The exposure levels

ranged from undetectable to 10.7 ppm per steriliser cycle, the mean concentration bein g34
ppm (duration 166 i 705 s). Based on the odour it was estimated that the peak
concentrations were > 260 ppm, at least during short times. The most prevalently reported

symptoms included headache, skin and eye irritation, dry mouth and sore throat. Ot her

symptoms were skin rash, runny nose, loss of sense of smell, shortness of breath, nausea,
numbness in fingers and drowsiness.

Non -human information

In an acute neurotoxicity study, groups of 10 male or 10 female Sprague -Dawley rats were
exposed for 6 h  to concentrations of 0, 100, 300 or 500 ppm ethylene oxide by inhalation
(Mandella, 1997; cited in US EPA 2010). The animals were observed for 14 days after
exposure. On days 1, 6 and 15, neurobehavioral  assessments, including a standard
functional batter y and motor activity tests, were carried out. In the groups of male rats
exposed to ethylene oxide at 300 ppm and 500 ppm, the incidences of low arousal and no

response to approach were significantly increased. The same result was obtained when
combining t he outcome among males and females at these concentrations. The incidence of

droopy, half -closed eyelids was significantly increased both for males and females. Decreased

motor activity was observed among both sexes at 500 pm and among males at 300 ppm. No

clear exposure -related effects were observed at follow -up on days 8 and 15.
Acute toxicity studies with Sprague -Dawley rats reported signs of neurological effects after
inhalation exposure for 4 h (exposures: males 1021 -2182 ppm; females 1021  -1850 ppm) or

1 h (exposures: males 3609 -6161 ppm; females 3609  -4827 ppm) (Snellings, 2011). The
findings included ataxia, tremors, absence of the startle reflex, absence of the tail/toe pinch

reflex and decreased respiration rates were observed in rats exposed to ethy lene oxide for 1
h or 4 h. The 1 -h study resulted in LC so values of 5748 ppm in males and 4439 ppm in
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females (see Acute toxicity). The effects were reversible and on day 5 after the 4 -h exposure
and day 2/3 after the 1 h exposure, no clinical signhs were o bserved.

The DS compared the available data on effects observed upon single exposure with the
classification criteria for STOT SE Category 1 or 2 and proposed no classification for STOT SE,

on the basis of the minor severity of effects and the reversibilit y of the findings. STOT SE 3
(H336) was not considered by the DS.

Comments received during public consultation

One MSCA commented that the appropriateness of the current classification as STOT SE 3;

H335 should have been evaluated. Another MSCA commented t hat a classification for
narcotic effects (STOT SE 3; H336) should have been discussed, as such effects were
reported in humans and in animals in acute inhalation toxicity studies.

Assessment and comparison with the classification criteria

There are two ca se reports indicating acute neurological effects in humans at high, accidental
exposures of up to 500 ppm. In one of those cases, there was co -exposure with carbon
dioxide. In the third human study presented by the DS, symptoms of mild central nervous

system (CNS) effects were reported among steriliser workers. These reports, although

limited, suggest that ethylene oxide may have at least transient effects on the CNS. An acute

animal neurotoxicity study showed reversible CNS depression, with significantly i ncreased
responses including low arousal, decreased motor activity and partly closed eyelids in both

sexes, at 300 -500 ppm. Acute animal inhalation studies have shown clinical signs including

ataxia, tremors, absence of the startle reflex, absence of the t ail/toe pinch reflex, low
arousal, and no response to approach. Since the dose levels were close to LC 50, some of
these effects may also have been related to the general toxicity. These effects have been
summarised in the tables below.

Table. Clinical fin dings in male and female Sprague -Dawley rats exposed to ethylene oxide vapour for
4 h. The LC 5o values calculated from the study were 1972 ppm for males and 1537 ppm for females.
Source: Nachreiner 1991, as reported by National Research Council (2010).

Males Females

Concentration (ppm) Concentration (ppm)
Effects 2182 2026 1850 1850 1637 1443 1021
During exposure
Bleopharospasm + + + + + + +
Wetness around eyes anc
nose + + + + + + +
Hyperactivity + + + + + + +
Mouth breathing + +
After exposure
Unkempt fur + + + + +
Wetness or encrustation
around eyes, nose and
mouth + + + + + + +
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Swollen tissue around eye +
Mouth breathing + + + + + +

Audible respiration + + + + + +

Gasping + + + +

Decreased, increased or

shallow respiration + + +* + + +*
Absence of tail and toe

pinch reflex + +

Hypoactivity + + + + + +

Tremors + +

* Increased respiration rate and shallow respiration only

Table. Clinical findings in male and female Sprague -Dawley rats exposed to ethylene oxide vapour for
1 h. The LC s values calculated from the study were 5748 ppm for males and 4439 ppm for females.
Source: Nachreiner 1992, as reported by National Research Council (2010).
Males Females
Concentration (ppm) Concentration (ppm)

Effects 6161 5546 4827 | 4827 4202 4064 3966 3609
During exposure

Restlessness + + + + + + + +
Wetness around eyes + + + + + + + +
Lacrimation + + + +

Mouth breathing +

Hypoactivity + + + + + + + +
No acoustic startle

reflex + + + +

After exposure

Unkemg fur + + + + + + +
Wetness or

encrustation around

eyes, nose and moutt + + + +
Decreased respiration + + + + + +
Hypoactivity + + + + + +
Ataxia + + + + +
Tremors + + + + +

Because of the limited data on the severe effects in humans and symptoms, which are more
attributable to transient CNS depression in animals, RAC considers that classification for

STOT SE 1 is not applicable for ethylene oxide. Neither were anim al data identified which
would have fulfilled the criteria for classification as STOT SE 2. According to the criteria,
transient CNS effects observed in animals or humans should be classified as STOT SE 3

rather than STOT SE 1 or 2. RAC considers that clas sification of ethylene oxide as STOT SE 2
is not justified.

A classification as STOT SE 3 ; H336 can be assigned if exposure to a chemical causes CNS
depression, including narcotic effects (drowsiness, narcosis, reduced alertness, loss of
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reflexes, lack of  coordination, and vertigo) in humans. According to the CLP guidance, the

effects can be manifested as severe headache or nausea. Clinical signs may include reduced
judgement, dizziness, irritability, fatigue, impaired memory function, deficits in perceptio n
and coordination, reduced reaction time, or sleepiness. The classification may also be
appropriate if studies with experimental animals show transient effects, including lethargy,

lack of coordination, loss of righting reflex, and ataxia.

Two human case reports on acute, accidental exposure to ethylene oxide present symptoms

(e.g. headache, light -headedness, dizziness, unconsciousness) indicating transient narcotic

effects. In one of the case reports the exposure involved a mixture of ethylene oxide and

carbon dioxide. The outcome of a survey among hospital workers exposed to ethylene oxide

indicated the occurrence of symptoms including headache and dizziness. Reports on
neurological effects in humans upon repeated exposure also presented symptoms, which a re
often more related to acute exposure than repeated exposure, like dizziness or nausea.

Acute animal inhalation toxicity studies showed significantly increased clinical signs, including

ataxia, tremors, absence of the startle reflex, absence of the tail/ toe pinch reflex, low
arousal, and no response to approach, which may be related to CNS effects of ethylene
oxide.

Taking into account the observations from one acute neurotoxicity study and one acute
inhalation toxicity with rats, and the reported symptom s related to accidental ethylene oxide
exposure in sterilising units, RAC concludes that the criteria for classification for specific

target organ toxicity, based on transient, narcotic effects, are fulfilled and classification as

STOT SE 3; H336 (May caus e drowsiness and dizziness) is warranted.

Ethylene oxide is currently classified as STOT SE 3 ; H335 based on its potential to cause
respiratory irritation. An evaluation of this classification was not considered by the DS, and

no data were included in the dossier. RAC did not therefore evaluate the classification for
respiratory irritation.

4.4 [rritation

Ethylene oxidénas a harmonised classification accordinRégulation (EC) N01272/2008 as skin
and eye irritant (Skinrtit. 2, Eye Irrit. 2 and STOT &3,H335(May cause respiratory irritatipn

4.4.1 Skinirritation

The data on skin irritation testing are presented in Chapter 4.5 as they indicate corrosivity of
ethylene oxide.

4.4.2 Eyeirritation

It should be noted that if a substance or mixture is classifi€skems corrosive Category 1 then
serious damage to eyes is implicit and there is no need to proceed with classification for eye effects
(CLP guidance, chapter 3)3 Such substances are automatically considered to be severely

3 Guidance on the application of CLP criteNérsion 4.1 June 2015
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damaging to the eye and aresddied but not labelled for serious eye damage in addition to skin

corrosion.

For completeness the available test data (McDonald, 1977) are presented below.

Non-human information

Table 21: Summary table ofavailable studies on eyarritation

Method Results Remarks Reference
rabbit (New Zealand White) | 2 (reliable with McDonald T. O.
irmtant restrictions) (1977)

Vehicle: dilution with a
balanced salt solution

1%, 0.1% and 0.01% ethyleng
oxidein physiologic salt

Severityof corneal cloudness

see table below

Supporting study

Test material (EC
name): ethylene
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solution oxide

methods of Draize (1955) and
Baldwin et al(1973)

McDonald (1977) examined the toxicity of a 0.1% and di¥ation of ethylene oxideon normal

(n=6) and irritated eyes (n=6) (0.1ml of a commercial available shampoo was diluted and used to
produce mild, transient ocular irritatioyo information onthe stability of the test preparations is
given. Control groups included six normal untreated eyes, six eyes that were irnthtd
receivingthe vehicle, six normal eyes which received the vehicle and six irritated eyes with no
vehicle treatment. Physia@ salt served as vehicle control. All treated eyes received topical ocular
instillation of 0.05ml/dose at 10min intervals for 6hours. Ocular changes were graded at the end of
6h and at 24h (and 48h for one concentration) according to the method of d@iBaldwin With
increasing concenttian of ethylene oxide variouscolar pathologic changes were observed
(congestion, swelling, dischargénfrequent incidence of fta, iritis, and evidenceof corneal
cloudiness associated with loss of epithelias(el\ dose response relationship for these changes
was observed.

Table 22: Severity of corneal cloudiness after 6h topical ocular instillation of ethylene oxide
in rabbit eyes (McDonald, 1977).

Ethylene eye Severitiy fnean ocular score* and number of animals)
oxide conc. T &h T e
1% irritatec? 0.9 (11/12) 1.1 (10/12) 1.0 (9/12) 0.5 (4/12)
normal - 1.2 (11/12) 1.9 (12/12) 0.8 (7/12)
0.1% irritatec? 1.0 (6/6) 0.8 (5/6) 0.0 (0/6) -
normal - 0.0 (0/6) 0.0 (0/6) -
0.01% irritatect 0.8 (4/6) 0.7 (4/6) 0.0 (0/6) -
normal - 0.0 (0/6) 0.0 (0/6) -
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Physiol. salt irritated® 1.1 (21/24) 0.9 (18/24) 0.2 (6/24) 0.0 (0/24)
solution

normal - 0.0 (0/24) 0.0 (0/24) 0.0 (0/24)
Untreated irritatec? 1.0 (21/24) 1.1 (18/24) 0.2 (5/24) 0.0 (0/24)
controls

normal - 0.0 (0/24) 0.0 (0/24) 0.0 (0/12)
* Maximum score = 43 pretreated with diluted shampoo
RAC evaluation of serious eye damage/irritation
Summary of t Dossier Submitteroés proposal

As ethylene oxide was proposed to be cl
serious damage to the eyes is implicit, and the substance is automatically considered to be
severely damaging to the eye. However, for completeness, the DS also presented the available
data on eye irritatio  n.

assified as skin corrosive, the DS concluded that

One eye irritation study was available (McDonald, 1977). NZW rabbits were used for the
examination of the toxicity of 0.1% or 1% dilutions of ethylene oxide in normal (n=6) and

irritated eyes (n=6, irritation performed using a diluted shampoo). No infor
stability of the test solutions was presented. The treatment was performed by topical ocular
application of 0.05 mL of the dilution at 10 min intervals for 6 h. At the end of the exposures

(6 h), ocular changes were evaluated and scored for s

Draize and Baldwin. Follow
48 h. A dose -response relationship for ocular pathologic changes, including congestion,
ncidence of flare, iritis, and evidence of corneal cloudiness
associated with loss of epithelia cells, was observed. The highest score (1.9) was assigned at

the 24 h examination of the group exposed to 1% ethylene oxide in normal eyes (see table

swelling, discharge, infrequent i

below).

everity (0 -4) according to the method of
-ups were performed for all animals at 24 h, and for the 1% dose at

mation on the

Table: Severity of corneal cloudiness after 6h topical ocular instillation of ethylene oxide in rabbit eyes

(McDonald, 1977).

Ethylene oxide

Severity (mean ocular score* and number of animals)

eye
conc. Oh 6h 24 h 48 h
1ot irritated  § 0.9 (11/12) 1.1 (1 0/12) 1.0 (9/12) 0.5 (4/12)
0
normal - 1.2 (11/12) 1.9 (12/12) 0.8 (7/12)
irritated 8 1.0 (6/6) 0.8 (5/6) 0.0 (0/6) -
0.1%
normal - 0.0 (0/6) 0.0 (0/6) -
irritated 8 0.8 (4/6) 0.7 (4/6) 0.0 (0/6) -
0.01%
normal - 0.0 (0/6) 0.0 (0/6) -
Physiol. salt irritated  § 1.1 (21/24) 0.9 (18/24) 0.2 (6/24) 0.0 (0/24)
solution normal - 0.0 (0/24) 0.0 (0/24) 0.0 (0/24)
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Untreated irritated § 1.0 (21/24) 1.1 (18/24) 0.2 (5/24) 0.0 (0/24)

controls normal - 0.0 (0/24) 0.0 (0/24) 0.0 (0/12)
* Maximum score = 4,
§ pre -treated with diluted shampoo

Comments received during public consultation

One MSCA and one national authority supported the classification as Eye Dam. 1; H318. In a

comment form industry, it was suggested that further in vitro skin irritation/corrosion te sts
need to be performed in order to justify the classification for skin irritation/corrosion, and only

after that can a decision be made on eye damage/irritation.

Assessment and comparison with the classification criteria

According to CLP, skin corrosive substances shall be considered as leading to serious eye
damage as well. The hazard statement for skin corrosion addresses also serious eye damage
(H314: Causes severe skin burns and eye damage). Thus, there is no need for comparison of

the available data from one eye irritation study with the classification criteria for eye
damage/irritation.

As ethylene oxide is proposed to be classified as Skin Corr. 1, RAC agrees that it shall also be
classified as Eye Dam. 1; H318. According to CLP, the hazard statemen t H318 (Causes serious
eye damage) is in these situations not included on the label because of redundancy.

4.4.3 Respiratory tract irritation

No further evaluation done

4.4.4 Summary and discussion of irritation
Information on skin irritation/corrosion is presented discussed in Chapter 4.5.

One study on eye irritatiofMcDonald, 1977)s available The ethylene oxide concentration tested
is very low (max 1%)pnd no information in the stability of the test preparation is githearefore
the value of this studysilimited. However ethylene oxide is a corrosive substance ach s
substances are automatically considerdaketseverely damaging to the sye

4.4.5 Comparison with criteria

A substance will be classified as Eye Irrit 1 wheproduces (1pat least in one amal effects on

the cornea, iris or conjunctiva that are not expected to reverse or have not fully reversed within an
observation peod of normally 21 days; and/or (2t least in 2 of 3 tested iamals, a positive
response oforneal opacitO ) and/or iritis (> 1,5 calculated as the mean scores following
grading at 24, 48 and 72 hours after installation of the test material.

A substance will be classified as Eyeitl2 whenit producesat least in 2 of 3 tested iamls, a
positive respores of corneal opacity(O ) and/or iritis (O ),land/orconjunctival rednes¢O ) 2
and/orconjunctival oedema (chemos{§) ) @alculated as the mean scores following grading at 24,
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48 and 72 hours after installation of the test material, and which fullyses within an observation
period of 21 days

Skin corrosive substances shall be considered as leading to serious damage to the eyes as well
(Category 1) (Regulation EC No 1272/2008

Ethylene oxide is corrosive (proposed classification as Skin CorthHBgfore serious damage to
eyes (Category 1) is considered implicit.

4.4.6 Conclusions on classificatiorand labelling

The available studies on skin irritation show a corrosive potential of ethylene (cesudting in a
classification as Skin Corr JBtherebre no classification as skin irritant is warranfeee Chapter
4.5).

Ethylene oxidecurrenty is harmonize classifed as Eye Irrit 2, H319The evidence from the
available study on eye irritation is limited due to low test concentration. Howev&hiriazorrosive
substancé€like ethylene oxide¥erious damage to eyescisnsideredmplicit (GLP guidance)This

is alreadyindicated in the hazard statement for skin corrosion (H 314: Causes severe skin burns and
eye damage). Thus, this case both claggiations- Skin Corr. B, H314and Eye Dam. ,1H318

are requiredor ethylene oxide. e hazard statement H318 O06Caus
indicated on the label because of redundancy (CLP Articl¢@® guidance)

4.5  Corrosivity

45.1 Non-human information

For evaluation of the corrosive potential of ethylene oxide two-@bR studiesare available
Study details are given in the table below.

Table 23: Summary table of relevant corrosivity studies

Method Results Remarks Reference
_ corrosive 2 (reliable with Celanese
skin restrictions) Chemical Co.,
_ _ subdermal hemorrhages an( Inc. (1972)
rabbit (New Zealand White) | chemical burns at any time ¢ Non GLP
n=6 examination

supporting study
patch test (abradei)4h

exposure experimental

resut
0.5ml undiluted liquid

Test material

DOT method ethylene oxide
(undiluted)
skin ' 2 (reliable with Hollingsworth,
_ hyperemia aneédema restrictions) R.L. etal.
rabbit resulted when the duration g (1956)

skin contact waé minutesor | key study

Aqueoussolution of ethylene
longer. The severer exposur

experimental
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oxide (10% and0%) resulted in scar formation. | result
The intensity of response w4
roughly proportional to the
length of exposre time and
concentration

Test material:
ethylene agide
(10-50%)

Coverage: occlusive (shaved)

Exposure 360min

Celanese (1972) conductadskin irritation test on New Zealand white rabbits. The test protocol

was modelled after DOT (Department of Transportation, Hazardous Materials Regulation), non
GLP. 0.5ml of unduted liquid ethylene oxide was applied on intact and abraded @himnr
epidermal incisions)f six rabbits.Test sites were immediately covered with gauze patches, secured
with masking tape and wrapped with plastic sheettdhe end of four hours th@astic wrappings

and patches were removed and the test sides were examined and scored for erythema and edema o
a graded scale of O to 4. After 24 and 72 hours the sites were again(seef&ble24:). Ethylene

oxide showed hitation scores of 4 with subdermal hemorrhages and chemical burns at any time of
examination.

Table 24: Results of the skin irritation test in Albino rats (Celanese, 1972).

Scores for abraded skin Scores for intact skin
No 4h 24h 72h 4h 24h 72h
Eryth Edema| Eryth Edema| Eryth Edema| Eryth Edema| Eryth Edema| Eryth Edema

1 4 4 4 475 4 478 4 4 4 45 4 45
2 4 48 4 4*8 4 4*8 4 48 4 4*8 4 48
3 4 4 4 475 4 478 4 4 4 45 4 45
4 4 4* 4 4*8 4 4*8 4 4* 4 4x8 4 4x8
5 2 1* 4 4% |4 48 2 3* 4 4+8 4 4+8
6 4 4 4 #5 4 e 4 4 4 s[4 4+8
mean | 3.7 35 4 4 4 4 3.7 3.8 4 4 4 4

(*) subdermal hemorrhages) €hemical burns

Hollingsworth (1956) repoed atest on intat shaved abdominal skin of immolziéid rabbits under
plastic cover for periods of time ranging from 1 to 60 minutes. The animals were observed for six to
seven days following exposurdyperemia and edema resulted when the duration of skin contact
was 6 minutes or longer. The severer expesuesulted in scar formation. The intensity of response
was roughly proportional to the length of exposure time and concentrdtiofurther information

(e.g. scoringnumber of anima)ds availablein the original literature

45.2 Human information

Exposue of large skin areas to a 1% aqueous solution of ethylene oxide for about 2h resulted in a
severe blistering in human individuals after14h (Sexton, 1949).

Series of aqueous solutions with ethylene oxide concentrations between 1 and 90% were tested on
human skin (Sexton, 1950). The 50% solution produced the most severe skin reaction, which was

40




ANNEX 1 - BACKGROUND DOCUMENTTO RAC OPINION ON EHYLENE OXIDE, OXIRANE

attributed to the rapid evaporation of the more concentrated solutions, which prevented more
prolonged skin contact (reviewed in ATSDR, 1990).

Case reports of pents whose intact skin or wounds had contact with gauze or other hospital
supplies that had been sterilized with ethylene oxide indicated that the observed skin reactions
included erythema, blister formation, scaling, crusted ulcerations and secondliegséAlomar,

1981; Hanifin 1971; reviewed in ATSDR, 1990hadequate ventilation after sterilization with
ethylene oxide resulted in documented problesesere burns are reported in nineteen hospitalized
women after contact with reusable surgical gevand drapes, sterilized with ethylene oxide (Biro,
1974). Substantial tissue bsrisubsequent tdhe insertion of breast implants sterilized with
ethylene oxide are described by CardeGasarena, 1998.

4.5.3 Summary and discussion otorrosivity

Liquid ethylere oxide causes severe skin lesions (chemicals burns, hemorrbeaye®rmatiohin
in vivo animal testing. Case reports also demonstrate corrosive potential of the substance.

Ethylene oxide or solutions of ethylene oxide are highly reactive alkylatiagtaghat react with
many constituents of tissue resulting in cellular and tissue dysfunction and destruction. Ethylene
oxide is strongly corrosive with rapid evaporation from skin.

4.5.4 Comparison with criteria

A corrosive substance is a substance that pexlwestruction of skin tissu@isible necrosis
throughthe epidermis and into the dermi¥hree subcategoridsr classification agorrosiveare
provided:subcategory 1Awhere responses are noted following up to 3 minutes exposure and up to
1 hour obseration; subcategoryB, where responses are described following exposure between 3
minutes and 1 hour and observations up to 14 days; and subcai€javhere responses occur
after exposures between 1 hour and 4 hours and observations up to 14 days.

For ethylene oxide ongositive study with exposure duration of 4showing chemicals burns,
hemorrhages)and one positive study with exposure durations from60 minutes (showing
hyperemiaedemaat 6min or longéris available Positive evidence from humaissavailable.

4.5.5 Conclusions onclassificationand labelling

Due to the available human and animal data and the knowledge aboetathgity of ethylene
oxide aclassification as I8n Corr 1Bis recommended.

RAC evaluation of skin corrosion/irritation

Summary of the Dossier Submitterés proposal

Human information

One study (Sexton, 1950; cited in ATSDR, 1990) examining effects occurring after application

of ethylene oxide as an aqueous solution at concentrations of 1 -90% on human skin has been
reported. The 50% aqueous solution presented the most severe reactions. At higher
concentrations, the evaporation of ethylene oxide increased and the skin contact time was thus
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shorter. No further details available.

Exposure of large skin areas to 1% aqueous solution o f ethylene oxide for 2 h was reported to
cause a severe blistering after 12 -14 h (Sexton, 1949).

A number of cases of patients in hospitals are reported showing skin reactions (erythema,

blister formation, scaling, crusted ulcerations and severe/second deg ree burns) after contact to
e.g., gauze, gowns, drapes or breast implants that had been sterilised with ethylene oxide
(Alomar, 1981; Hanifin, 1971; cited in ATSDR, 1990).

Non -human data

In a non -GLP study performed with New Zealand White (NZW) rabbits, in tact (n=6) and
abraded (n=6) skin was exposed to 0.5 mL of undiluted ethylene oxide for 4 h under occlusive

conditions (Celanese Chemical Co., Inc., 1972). At the end of the exposure time, the plastic

wrapping was removed and the test sites were scored for erythema and oedema on a graded
scale from 0 to 4. The sites were re -examined and scored again after 24 and 72 h. The
exposure resulted in clear signs of irritation: subdermal haemorrhages and chemical burns

were observed immediately after the exposure as well as during re  -examination.

Another report (Hollingsworth et al., 1956) presented results from skin exposure of rabbits
using 10% and 50% aqueous solutions of ethylene oxide. The solution was applied on shaved

skin and covered with plastic for 1 -60 min . In animals exposed for six minutes or longer,
hyperaemia and oedema were observed. Scar formation was observed upon longer exposure.

The severity of the effects was roughly proportional to the exposure duration and
concentration of the test solution. No further details on the study conditions, scoring, or
reversibility of effects, were presented.

The DS concluded that liquid ethylene oxide can cause severe skin lesions, as has been
documented in animal studies and human case reports. It was pointed out th at ethylene oxide
or its solutions are highly reactive alkylating agents which can react with many constituents of

tissue, resulting in cellular and tissue dysfunction and destruction. The DS proposed to classify

ethylene oxide as Skin Corr. 1B.

Comments r  eceived during public consultation

Two MSCAs and one national authority supported the proposed classification as Skin Corr. 1B.

One industrial stakeholder commented that classification as Skin Corr. 1 or Skin Corr. 1C

should be considered instead of Skin C orr. 1B, and that in vitro guideline tests would be
needed in order to get data applicable for the decision on subcategorization . The justification
for this was that ethylene oxide is volatile and evaporates rapidly. As the animal tests were
performed unde r occlusive conditions, instead of semi occlusive conditions, they represent a

worst -case situation.

Assessment and comparison with the classification criteria

The reports on skin irritation/corrosion include a number of human case reports, describing the

corrosive potential of ethylene oxide. Two animal studies were found. One described clearly

the corrosive potential of ethylene oxide after exposure to undiluted liquid for 4 h. The effects

were observed on intact, as well as abraded skin. The other study reported hyperaemia and
oedema already after 6 min of exposure to 10% or 50% aqueous solution of ethylene oxide.

The severity of effects increased with prolonged exposure time. No details on the test
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conditions, or scoring when evaluating the skin irritati on, were reported. Both animal studies
included exposure under occlusive conditions. Current standard in vivo tests for skin
irritation/corrosion include exposure under semi occlusive patches. In the CLP guidance, it is
stated that @Es p e ceicaséslofyclagsificationahre dnetliodl of application should be
accounted for in the evaluation of effectso.

RAC considers that the available data provides evidence for the corrosive potential of ethylene

oxide. The 4 -h animal study describes outcomes that | ustify a subcategorization as Skin
Corr. 1C (criteria: responses occur after exposures between 1 and 4 h and observations up to

14 days). The study protocol of the other in vivo study, with an exposure time of upto 1 h, is

not reported in detail. It was i ndicated that effects were observed already after 6 min of
exposure, but due to the lack of details, RAC considers that this study cannot be used as a key

study to justify a classification as Skin Corr. 1B (criteria: responses occur following exposure

betw een 3 min and 1 h). RAC also considers, that the fact that the studies were performed

using occlusive patches makes a detailed interpretation of the study results complicated.

In the CLP Guidance it is stated that i W earresivet bhte
the data used for classification does not allow differentiation between the skin corrosion
subcategories 1A/ 1B/ 1C, then the substance should

On the basis of the arguments presented above, RAC conclud es that ethylene oxide should be
classified as Skin Corr. 1; H314 (Causes severe skin burns and eye damage) without
sub - categorisation.

4.6 Sensitisation

4.6.1 Skin sensititsation

Table 25: Summary table of relevant sensitisation studieghon-human and human)

Method Results Remarks Reference
Non-human information

guinea pig (Hartley) male not sensitising 4 (not assignable)| G. Woodard and
o _ M. Woodard
no further details given Test material: (1971)

ethylene oxide
As cited in CSR,

Reviewedn
ATSDR, 1990

study not
available

Immunization of mice (ip Chapman J. et

(1) Immunization application) with either 2 (reliable with | 5 (19g6)
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CAF: and BD2F; mice
(Lewis Brown NorwayYat

No information on number of
animals used

(2) Passive cutaneous
anaphylaxis (PCA)
assayin Sprague
Dawley rat

ethylene oxide- ovalbumin
or ethylene oxide keyhole
limpet hemocyanin resulted
in the production of ethyleng
oxide specific antibodies.

LBN rats failed to respond t
the ethylene oxide proteins.

restrictions)
supporting study

Test material:
ethylene oxide

Evidence from humans

Patch test (with sterilized
materials like rubber, PVC)

Skin reaction (irritation)
directly correlated to the tots
dose of EO received

One subject developed
sensitivity to ethylenexide
(100pm in PVC)- mild
delayed reaction

Supportingstudy

Shupack J.Let
al. (1981)

Case report (nurse, n=1)

Urticaria, rhinitis, asthma

Prick-test with ethylene
oxide sterilized_atexgloves
was positive

(negative with gamma ray
sterilized latex gloves)

Abstract only
(French)

Jacson F. (1991

Eczema on forearms _ Caroli U.M. et
Case reportnurse, 30years old Supporting study | 5 (2005)
wearing sterilized gown(n=1) | Allergic delayeetype

hypersensitivity reaction
Comparative test with materia
sterilized/not sterilized No IgE to ethylene oxide

detecable

Eczema on forearms _ Kerre S et al.
Case reportnurse, 35years old Supporting study (2009

wearing sterilized gown(n=1)

Comparative test with materia
sterilized/not sterilized

Allergic contact dermatitis
(delayedtype)

Clinical surveillance

Detection of ethylene oxide
specific cytophilic antibodies

Antibodies found in 35 of 83
dialyse patient§42%), 22 of
them had anaphylactoid
reactions during dialysis

Weight of
evidence

BommerJ. et al.
(1985)

(reviewed in
SCOEL, 2012)
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o Anaphylactic reactions in _ Rdckel A. et al.
Case descriptions dialysis patients Weight of (1988)
evidence (reviewed in
SCOEL, 2012)
o ) High RAST values were _ RumpfK.W. et
Clinical surveillance associated with anaphylacto WWeight of al. (1985)
RAST reactions during dialysiand | €vidence (reviewed in
with chronic asthma SCOEL, 2012
o ) 6/7 hemodialysis patients _ GrammelL. C.
Clinical surveillance with immediatetype allergic W?ollght of et al.(1984)
; " evidence
IgE against HSA ethylene reactions positivé85%)
oxide 0/6 hemodialysis patiesit
without reaction positive
o ) 16 of 24 patients with _ Grammer L.C.
Clinical surveillance reaction during dialysisad Wgollght of et al (1985)
evidence
Total antibody and IgE agains det(:ctable levels of IgE
HSA' ethylene oxide (66%)
3 of 41 patients withou
reaction had detectable leve]
of IgE (7%)
o ) (1) Skin prick test: _ Marshall C. et
Clinical surveillance Weight of al. (1984)
patients receiving chronic | evidence

(1) Skin prick test with
ethylene oxidéhuman
serum albumin
conjugate

(2) RAST

hemodialysis: 5/56 (9%) pos

patients receiving peritoneal
dialysis: 0/30 pos.

(2) RAST

patients receiving chronic
hemodialysis: 13/107 (12%)
pos.

patients receiving peritoneal
dialysis: no pos. results

Clinical surveillance

ethylene oxidespecific IgE
antibodies in:

22/25 patients with acute
allergic reactions (88%)

5/37 patients without allergig
reaction (13%)

Weight of
evidence

Marshall C.Pet
al. (1985)
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Normal control were negativ|

Clinical surveillance

Allergosorbent test (IgE
anibodies for ethylene oxide)

7 of 9(78%) patients who
experienced severe
hypersensitivity reaction
during dialyse had high titers
of IgE

Patients with mild
hypersensitivity show IgE in
the normal range (30/37)

Weight of
evidence

Lemke H.D.
(1987)

Case rport (n=1)

Hemodialysis patient, severs
allergic reactions after
exposure to sterilized article

positive RAST to HSA
ethylene oxide

positive skin test and in vitro
histamine release

Weight of
evidence

Dolovich J et al
(1978)

(1) Clinical surveillance in
patients with allergic
reactions

(2) Survey of current
chronic hemodialysis
population in the
hospital

(1) 27 patients with acute
allergictype reactions during
hemodialysis; Positive RAS]
22/27(81%)

(2) 9% positive allergy skin
test; 12% positive RAST;
sensitzed patients had no
symptoms

Weight of
evidence

Dolovich J et al
(1984)

Patients with dialyzer

Caruam R.J. et

Case reports (n=4) hypersensitivity syndrom | WWeight of al. (1985)
(anaphylactoid reaction) evidence
High incidence of positive
RAST to HSAethylene
oxide conjugate
. ) 138 patients with _ Pearson F. et al
Clinical surveillance hypersensitivity during W'eollght of (1987)
: : . evidence
RAST (radioallergosorbent dialyse: 63% positive
test)- IgE against ethylene | 7g patients without reaction
oxide and HSAethylene oxide (control): 11% positive
o _ Hypersensitivity in 6/600 _ Leitman S.F. et
Clinical surveillance plateletpheresis donors Weight of al. (1986)
evidence

- Skin-prick test

Skin-prick-test: 4/6 positive
donors and 0/40 controls
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- RAST Positive RAST: 4/6 positive

donors and 1/145 controls
- Histamine release
Histamin release: 6/6 positiv

donors and 0/4 controls

Developed ethylene oxide Monbaliu D. et

allergy during dialysis Weight of al (2010)
evidence

Case study (n=1)

Positive RAST

Hypersensivity reactions _ Wass Uet al
Case StUdy (n:].) during diaIySiS Welght of (1988)
evidence
Serum samples covering a
year period of clinical
treatment were analysed:

Changes in titers of IgE and
IgG antibodies correlate to
the time of ethylene oxide
exposure as well as clinical
symptoms

4.6.1.1Non-human information

Chapman (1986)developed an animal modelfor ethylene oxidespecific IgE mediated
hypersensitivity reactions. The hypothesis e residual ethylene oxide in a medical device can
react with serum proteirduring melical procedures to form ethylene oxigtein conjugates that
can result in patient sensitisation and elicitation of anaphylactic reachtns. and ratswere
immunizedby intraperitonial applicatiorof ethylene oxide protein conjugatésthylene oxide-
ovalbumin, ethylene oxidé keyhole limpet hemocyaninon day 0 (with adjuvanaluminium
hydroxide and/oBordetella pertuss)s day 9 and day 3MWNo information on number of animals
used is givenTo boost IgE response cyclophosphde was given (ip) oday 28.Blood was taken

on day 14, 20 and 400 evaluate the mice and rat serum for ethylene esjidefic IgE antibodies
the passive wtaneous anaphylaxis (PCA) assay was \(padsive cutaneous anaphylaxis reactions
are manifested by the appearancélok spots at the site of intradermal injection of diluted serum
from treated animals in Sprague Dawley rals)munization of both strains of mice with either
ethylene oxide- ovalbumin or ethylene oxide keyhole limpet hemocyanin resulted in the
produdion of ethylene oxide specific antibodies. LBN rats fhile respond to the ethylene oxide
proteins. For detailed results seable26 (Chapman, 1986

Table 26: Effect of Immunization protocol i ethylene oxide specific IgE responsg€hapman,
1986).

Immunogen (pg/injection) Adjuvant Ethylene oxide specific IgE titer *

Bleed 1 Bleed 2 Bleed 3
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(day 14) (day 20) (day40)
CAF. mice
EO-OA (1) Alum, BP <4 <4 4
EG-OA (10) Alum, BP 4 4 20
EO-OA (1) Alum 4 4 80
EG-OA (10) Alum 40 4 320
EO-KLH (1) Alum, BP <4 <4 80
EO- KLH (10) Alum, BP 20 4 4
EO- KLH (1) Alum 20 20 80
EO- KLH (10) Alum 20 4 4
BsD2F1 mice
EO-OA (1) Alum, BP <4 4 40
EO-OA (10) Alum, BP Alum <4 <4
EO-KLH (1) Alum, BP <4 4 640
EO-KLH (10) Alum, BP 20 4 160
EO-KLH (10) Alum 80 4 160
LBN rats
EO-OA (1) Alum <4 <4 <4
EG-OA (10) Alum <4 <4 <4
EO-KLH (1) Alum <4 20 <4
EO-KLH (10) Alum <4 <4 <4

Alum = aluminium hydroxide; BP = hedilled B. perussisEO = ethylene oxide; OA = ovalbum KLH = keyhole
limpet hemocyanin

* The ethylene oxide specific IgE titer is expressed as the reciprocal of the greatest dilution of a serum which, in a PCA
assay, produced a blueing of the skin greater than 5mm in diameter.

A skin sensitization studyn guinea pigsvas negative but the validity is insufficienfWoodard
1971 study not available

4.6.1.2Human information

Dermal application studies using human volunteers by Sexton (1®80jurther information
available)and Shupack(1981) (patch tests, onef 12 volunteers showed a recurrent reactlnje
provided some evidence that ethylene oxide is a skin sensitizer.

Ethylene oxide i€orrosiveand differentiation between an irritant and an allergic contact dermatitis
is difficult. However #ergic contat dermatitis (delayedtype) after wearing ethylene oxide
sterilized gowngs described by Caroli (2@) and Kerre (2009)Urticaria is described by Jacson
(1991)(seecase studie$able25).
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Ethylene oxide is used for steriltzan of heatsensitivemedical device’s Anaphylactic reactions in

dialysis patientgparenteral route of exposunejth attacks of sneezing, retrosternal burning pains,
larynx oedema, bronchial obstruction and hypersecretion, flushing and pruritus atthrsseven
anaphylactic shock have been described by several authors (Bommer, 1985, Rockel, 1989, Rumpf,
1985). There exist different potential causes for the obseeféects; however, various authors

came independently to the conclusion that by far rtteen factor in the provocation of such
reactions is allergy of immediate type to ethylene oxide. In these cases the presence of conjugates of
ethylene oxide with huan serum albumin (HSA)could be demonstrated by RAST
(radicallergasorbent test) (Bommer, 89, Grammer, 1984Ro6ckel, 1989 Rumpf. 198% Lemke,
1987;Caruana, 198%earson, 198 Dolovich, 1984 Dolovich, 1978Leitman, 198%.

In a study of 83 dialysis patients, 16 dialysis y@itsonnebnd 44 healthy control persoehylene
oxideHSA spedic IgEs occurred more frequently in dialysis patients compared to the control
group Patients with increased IgE levels had allergic complications more frequently than patients
without antibodies. IgE levels decreased when other sterilisation methodsppdierl instead of
ethylene oxide and clinical symptoms had suddenly improveeexBesure to ethylene oxide
sterilised materials resulted in reappearance otltheeal symptoms (Bommen985) (reviewed in
SCOEL 2012).

Pearson (1987) examined 138 patsewho experienced hypersensitivity reactions during dialysis
(reactors) 78 patients without reactiomgere also evaluated (control). Elevated serum RAST values
were more common in react(63%) than in controls (11%) demonstrating the role of ethylene
oxide in dialysis associated hypersensitivity reactions.

Lemke (1987) concluded that ethylene oxide causes most severe hypersensitivity reactions by an
IgE-mediated mechanism after he demonstrated high titers of IgE antibodies against ethylene oxide
in sewen of nine patients who had experienced severe hypersensitivity reactimostpatients

with mild hypersensitivity reaction during dialysis (n=37) plasma levels of IgE specific for ethylene
oxide were in the normal range (30/37).

In a study by Grammerl985) 16 of 24 patients with anaphylaxic reactions during hemodialysis
had detectable levels of IgE to ethylene oxitieA, whereas only 3 of 41 nonreacting patients had
detectable levelsAn association between the presence of antibodies and immediateylactap
reactions was demonstrated.

Skin prick test and RAST was used by Marshall (1984) to demonstrate ethylene oxide related
sensitisation. Skin prick test with a conjugate of human serum albumin (HSA) and EO was positive
in five of 56 (8.9%) hemodialys patients and 0 of 30 peritoneal dialysis patieimtshe ethylene
oxideeHSA radioallergosorbent test (RAST) the sera of 13 of 107 (12.1%) hemodialysis patients
including sera from 5 patients with negative skin tests were positive. Sensitized patiémts i
population did not experience allergype reactions during hemodialysis. There were no positive
ethylene oxideHSA RAST results which could be ascribed to peritoneal dialysis patients. The
lower sensitivity of the skin prick test in comparisonRAST was explained by a significant
reduced cutaneous responsiveness of renal failure patients compared with normal adult subjects.

Marshall (1985)also examined patients receiving lotgrm hemodialysisSerum was obtained
from 25 patients who experiezt acué allergic reactions duringemodialysisand 37 unselected
patients receivingpemodialysis Sera from 22 of 25 (88%) of the allergic reaction group and from

4 The residues that may be found afttarilization ofmedical devices with ethylene oxidee beile ethylene oxide itself ethylene chlorhydrin (CAS
107-07-3; Acute Tox 2*, H300; Acute Tox 1, H310; Acute Tox 2*, H330) and ethylene glycol (CA21Q7 Acute Tox 4*, H302).
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five of 35 (13%) of the unselected group were demonstrated to contain IgE antibodies with
specificity for EO. Corresponding IgG antibodies were also present. No such antibodies were
detected in serum from normal controls or ragwaketgic patients.

Dolovich (1978) describes a patient who developed severe allergic reactions after hemodelysis.
showedpositive skin test, in vitro histamine release and RA8T later study by the same author
(Dolovich, 1984)27 patients with acute allergigpe reactions during hemodialysis were tested
RAST for antibodies to ethylene oxide was positive f2f2Z. In a survey of the current chronic
hemodialysis population for ethylene oxide related antibodies 9% had a positive allergy skin test
and 12 % had a positive RAST. The sensitized individuals of this survey had no distinctive
symptoms.

Leitman (1986)bserved immediaty/pe hypersensitivity reactions in 6 60 donorgprevalence
of 1%) who underwent automated plateletpheresis procefkitgylene oxide gas was used for
sterilization). Positive skiprick test (using ethylene oxid€SA reagent) was sedn 4/6 donors
who had hypersensitivity reactions and in 0/40 controfsSRshowed that seruntdm 4/6 donors
with reactions and 1/145 contralentained IgE antibodies to ethylene oxi8A. 6/6 donors with
positive reactions and 0/4 controls had speethylene oxide induced basophil histamine release.

Also case studies are reported in literatiMenbaliu (2010)describes a patient who developed
ethylene oxide allergy during hemodialysis (positive RASAdWass (1988monitored a patient

with hypesensitivity reactions during dialysis for a period of 7 gedte concluded that the
changes in titers of IgE and IgG antibodies correlated to the time of ethylene oxide exposure as well
as to clinical symptoms of hemodialysis patients.

4.6.1.3Summary and discusion of skin sensitisation

Ethylene oxide is a direct and potent alkylating agent and reacts with hydroxyl, sulfhydryl, amino
and carboxyl groups in human macromolecules. As a hapten it becomes an active allergen after
binding to human proteing.g. HSA-ethylene oxide conjugateshhere are only few animal data:

one negative guinea pig test of poor quadihd insufficient reporting of the applied protoewid

one positivepassive cutaneous anaphylaxis (PCA) assayaddition a considerable amount of
human datais available For ethylene oxide especially allergies of the iediate type are
documented anatase reportslescribing contact dermatitiafter dermal exposarare reported
(SCOEL, 2012).

Besidessensitizing effects via the dermal route of exposlse effects after parenteral exposure
have ber describedeveral timegor ethylene oxideThe development of a sensitization is always

a systemic procesbut allergic reactios can occur at localized sites (exposed skin areas) or
systemic (anaphylaxiafter parenteral exposure). In principle the systemic availability of sensitized
immune cells circulating throughout the body always has to be kept in mind as they can respond
when challenge occurs at sites other than the original site of sensitiféfiea®, 2012) For
ethylene oxidepositive skin tests after parenteral exposure are described (Leitman, 1986; Dolovich
1978/84; Marshall, 1984).

4.6.1.4Comparison with criteria

Substances shall be classified as skin sensitisers (Category 1) where data are reott Soffgub
categorisation in accordance with the following criteria:
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(a) if there is evidence in humans that the substance can lead to sensitisation by skin contact in a
substantial number of persons; or

(b) if there are positive results from an appropriate ahiesa

Subcategory 1Amay be appropriate fosubstances showing a high frequency of occurrence in
humans and/or a high potency in animals. They can be presumed to have the potential to produce
significant sensitisation in humansSeverity of reaction maylso be considered-or low to
moderate frequency and/or potency subcategory 1B may be appropriate.

For ethylene oxide there is evidence in humans that the substance can lead to sensitisation by skin
contact after induction via the dermal but also viagheenteral route of exposuithylene oxide

is a direct and potent alkylating agent. As a hapten it becomes an active allergen after binding to
human proteins

4.6.1.5Conclusionson classificationand labelling

Ethylene oxide is a sensitizing agent. Type | (&ytaxis) and Type IV (contact dermatitis)
hypersensitivity reactions have been observed in individuals exposed to ethylene oxide (WHO,
2003).No animal studies according to standard test protocols are availdddsifiCation for this
endpointis based onhuman data(dermal and parenteral route of expojua&d the known
mechanism (alkylating agenttthylene oxide should be classified as skin sensitizer (Category 1),
H317 (May cause an allergic skin reaction).

According to CLP guidance documentassifiation into sukcategoriesanonly carried ouif data

are sufficient. Theavailablehuman datgclinical surveillance and case report®) not provide
information on the size dhe exposed populatiorgr onthe extent (no information on release of
ethylene oxide from sterilized material) and the frequency of exposure. Based on the available data
no classification into a subcategory is proposed.

RAC evaluation of skin sensitisation

Summary of the Dossier Submitterdéds proposal

Non -human data

No animal stud ies performed according to OECD guidelines were found. One guinea pig study
has been mentioned in literature. Ethylene oxide was reported to be not sensitising, but no
details on the study were available (Woodard and Woodard, 1971; cited in ATSDR, 1990).

In a study on CAF1 and B6D2F1 mice, intraperitoneal immunisation with ethylene oxide T

ovalbumin or ethylene oxide i keyhole limpet haemocyanin resulted in the production of
ethylene oxide specific IgE antibodies. In the same study, no immune response was o bserved
in Lewis Brown Norway rats (Chapman etal., 1986).

Human data

Patch tests performed with sterilised materials such as rubber and PVC on 12 healthy
volunteers showed a clear correlation between skin irritation and the ethylene oxide dose. One

5 Guidance on the application of CLP criteNéersion 4.1 June 2015
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of the individuals showed a mild delayed sensitivity reaction (Shupack etal., 1981).

One abstract presented information on a nurse suffering from urticaria, rhinitis and asthma.
Prick -tests with ethylene oxide sterilised latex gloves were positive. No further d etails were
available.

Two reports described cases of nurses with eczema on their forearms when wearing a sterilised

gown. In the first case (Caroli et al., 2005), the reaction was diagnosed as delayed -type
hypersensitivity reaction and in the second case (Kerre et al.,, 2009), as delayed -type allergic
contact dermatitis. Patch tests were performed, showing positive reactions in both cases. No

IgE to ethylene oxide was detectable.

Ethylene oxide has frequently been used for sterilisation of heat -sensitive me dical devices.
Several reports on anaphylactic reactions in dialysis patients have been published. In all cases,

the exposure occurred by the parenteral route. These reports are summarised in the table

below.

Table: Reports on anaphylactic reactions due t o the exposure to ethylene oxide via medical devices
Method Results Reference
. . . . ) . ) Bommer etal.,
Clinical surveillance Antibodies found in 35 of 83 dialyse patients 1985
Detection of ethylene oxide (42%), 22 of them had anaphylactoid reactions ) )
specific cytophilic antibodies dur ing dialysis (reviewed in
P ytop SCOEL, 2012)
Rockel et al.,
Case descriptions Anaphylactic reactions in dialysis patients 1988 (reviewed
in SCOEL, 2012)
- . High RAST values were associated with Rumpf etal. ,
Clinical surveillance ) } . ) ) ) )
RAST anaphylactoid reaction s during dialysis and with 1985 (reviewed
chronic asthma in SCOEL, 2012
- . 6/7 haemodialysis patients with immediate -type
Clinical surveillance . . o
oE ) HSA vl allergic reactions positive (85%) Grammer etal. ,
against - ethylene
ngi deg y 0/6 haemodialysis patients witho ut reaction 1984
positive

16 of 24 patients with reaction during dialysis

Clinical surveillance
had detectable levels of IgE (66%) Grammer etal. ,

Total antibody and IgE against

3 of 41 patients without reaction had detectable 1985
HSA i ethylene oxide P

levels of IgE (7%)

Clinical surveillance (1) Skin prick test: patients receiving chronic
(3) Skin prick test with haemodialysis: 5/56 (9%) positive patients
ethylene oxide -human receiving peritoneal dialysis: 0/30 po sitive Marshall etal. ,
serum albumin (2) RAST: patients receiving chronic 1984
conjugate haemodialysis: 13/107 (12%) positive patients
(4) RAST receiving peritoneal dialysis: no positive results

ethylene oxide specific IgE antibodies in:
22/25 patients with acute allergic reactions

. . Marshall etal. ,
Clinical surveillance (88%)

. . . . 1985
5/37 patients without allergic reaction (13%)

Normal control were negative
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Clinical surveillance

Allergosorbent test (IgE
antibodies for ethylene oxide)

7 of 9 (78%) patients who experienced severe
hypersens itivity reaction during dialyse had high
titrs of IgE

Patients with mild hypersensitivity show IgE in
the normal range (30/37)

Lemke, 1987

Case report (n=1)

Haemodialysis patient, severe allergic reactions
after exposure to sterilised articles

positive R AST to HSA -ethylene oxide

positive skin test and in vitro histamine release

Dolovich etal. ,
1978

(3) Clinical surveillance in
patients with allergic
reactions

(4) Survey of current
chronic haemodialysis
population in the
hospital

(1) 27 patients with acute aller gic-type reactions
during haemodialysis; Positive RAST 22/27

(81%)

(2) 9% positive allergy skin test; 12% positive

RAST,; sensitised patients had no symptoms

Dolovich etal.,
1984

Case reports (n=4)

Patients with dialyzer  -hypersensitivity syndrome
(anaphyl actoid reaction)

Caruana etal. ,

High incidence of positive RAST to HSA  -ethylene 1985
oxide conjugate
Clinical surveillance 138 patients with hypersensitivity during dialy se:

RAST (radioallergosorbent test)
- IgE against ethylene oxide and
HSA-ethylene oxide

63% positive
78 patients without reaction (control): 11%
positive

Pearson etal.,
1987

Clinical surveillance
- Skin -prick test
- RAST
- Histamine release

Hypersensitivity in 6/600 plateletpheresis donors
Skin - prick -test: 4/6 positive donors and 0/40
control s

Positive RAST: 4/6 positive donors and 1/145
controls

Histamine release: 6/6 positive donors and 0/4
controls

Leitman et al.,
1986

Case study (n=1)

Developed ethylene oxide allergy during dialysis
Positive RAST

Monbaliu etal .,
2010

Case study (n=1)

Hy persensitivity reactions during dialysis
Serum samples coveringa 7  -year period of
clinical treatment were analysed:

Changes in titres of IgE and IgG antibodies
correlate to the time of ethylene oxide exposure
as well as clinical symptoms

Wass etal.,
1988

The DS concluded that type | (anaphylaxis) and type IV (contact dermatitis) hypersensitivity

reactions have been observed in humans exposed to ethylene oxide. Furthermore, the DS
pointed out that ethylene oxide is an alkylating agent that reacts with hy
amino and carboxyl groups in human macromolecules. As a hapten, it becomes an active
allergen after binding to human proteins. Based on the reactions following upon dermal and

parenteral exposure the DS concluded that ethylene oxide sho
was proposed.

H317. No subcategorization

droxyl, sulfhydryl,

uld be classified as Skin Sens. 1;
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Comments received during public consultation

One MSCA and one national authority supported the classification as Skin Sens. 1; H317,
based essentially on data from haemodialysis pa tients.

One comment received from industry did not support the classification for skin sensitisation. It

was stressed that the reports related to parenteral exposure of dialysis patients cannot be

used for classification purposes for this hazard class, as they do not investigate dermal
exposure. The three case reports on dermal exposure as well as one study on healthy
volunteers were considered as not showing convincing evidence of skin sensitisation following
exposure to ethylene oxide.

Assessment and comp arison with the classification criteria

With regard to human data, the CLP criteria (a) require evidence on sensitisation by skin
contact in a substantial number of individuals. The data presented in the dossier contains only

a few case reports, each prese  nting one individual with skin reactions after exposure. Taking
into consideration that ethylene oxide has been extensively used for sterilisation purposes for
decades, the number of case reports is considered very low. The case reports do not clearly
iden tify the observed reactions as outcomes of ethylene oxide sensitisation. As the substance
causes skin irritation/corrosivity, it is possible that the reported eczema may also have
occurred due to irritation.

Severe allergic -type reactions and ethylene oxid e IgE antibodies among dialysis patients have
been reported in several clinical surveillance studies and case reports. All of these reports
focused on situations in which individuals were exposed to ethylene oxide parenterally
(sterilised medical equipment ). As these reports do not include information on sensitisation
following skin contact, RAC does not consider them relevant for the evaluation of classification

for skin sensitisation.

No appropriate animal tests have been performed.

Based on the reactions  following upon dermal and parenteral exposure, the DS concluded that
ethylene oxide should be cl  assified as Skin Sens. 1; H317.

RAC considers that there is a lack of evidence for a potential to cause skin sensitisation. RAC
therefore concludes that no cla ssification is warranted for ethylene oxide for this hazard
class.
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4.6.2 Respiratory sensitisation

Table 27: Summary table of relevant respiratory sensitisation studies

Method Results Remarks Reference

Case report Symptoms after 4d of Deschamps D.
exposure: (1992)

accidental exposardh/day for | Coughing, shortness of

4d breath, wheezing

Persistence of symptonfsr
yearsafter removal of
exposure

Absence of IgE antibodies
Reactive airways dysfunctio

syndrome

Case report Increasdn airway reactivity | Article not Dugue, Pet al,
after challenge with ethylend available (1991)
oxide (cited in Hayes

F.G. (1994))

4.6.2.1Non-human information

No information available

4.6.2.2Human information

Deschamps (1992) described a case of persistent nomotogic asthma and slight peripheral
neuropathy that developed in a worker exposed to ethylene oxide 4 h/day for 4 days. The worker
noticed an odor , suggesting that the concentr
day exposure included coughinshortness of breath, and wheezing. Respiratory symptoms
persisted and 1 year after the accident, pulmonary function tests showed bronchial obstruction and
bronchial hyperreactivity. The forced vital capacity was 93% of the predicted value, forced
expiraory volume in 1 s (FEV1) was 74% of the predicted value. The respiratory effects persisted
for at least 3 years after exposure. Immunologic tests showed no formation of immunoglobulin E
antibodies to ethylene oxiddlone of the other five exposed workérad respiratory complaints.

The rapid onset of symptoms, the high atmospheric concentration, the persistence of symptoms
after removal from exposure and the absence of ethylene oxide IgE antibodies argue for a persistent
asthma after high irritant exposuyreactive airway dysfunction syndrorRADS).

A nurse involved in the cold sterilisation of dialysis equipm&mwed work related asthmatic
symptoms. Increase airway reactivity occurred after challenge with ethylene oxide (Duguas 1991
cited in Hayes1994). Another case of occupational asthmamientioned by Verraed 995 (cited

in PSL assessment report, 2D0Lt no further information is available.

4.6.2.3Summary and discussion ofespiratory sensitisation

The case reports documented in the literature shstvmatic symptomsc@ughing, shortness of
breath, and wheezijgand bronchial hyperreactivity. Due to the inherent properties of ethylene
oxide an irritant induced asthma cannot be excluded.
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4.6.2.4Comparison with criteria

A substance shall be classified aspiatory sensitiser if there is evidence in humans that the
substance can lead to specific respiratory hypersensitastiirha, rhinitis/conjunctivitis, alveolijis
andbr if there are positive results from animal testanunological mechanisms do nave to be
demonstrated.

For ethylene oxidemanimal tests are available. Thiegse reports describe respiratory symptoms
after ethylene oxide exposuiaur (D12) lists ethylene oxide as substance causing irialtced
occupational asthma.

4.6.2.5Conclusions onclassificationand labelling

It is evident thatnhalation of ¢hylene oxide causes respiratory sympt@nd that the substance
a direct and potent alkylating agefhe substances classifiedfor respiatory tractirritation (STOT
SE 3).Basedon the available dat@&spiratory sensitisation cannotfireally evaluated.

RAC evaluation of respiratory sensitisation

Summary of the Dossier Submitterdéds proposal

The DS included three case reports showing asthmatic symptoms.

Accidental exposure of a w  orker to ethylene oxide 4 h/d for four days resulted in coughing,
shortness of breath, and wheezing (Deschamps, 1992). The worker noticed an odour, and
based on that the ethylene oxide concentration wag
exposure, p ulmonary function tests showed bronchial obstruction and bronchial hyper -
reactivity. The respiratory effects persisted for at least three years. No IgE antibodies to

ethylene oxide were detected in immunological tests. It was concluded that this may be a ¢ ase
of reactive airway dysfunction syndrome (RADS). Five other workers exposed at the same time

did not suffer from any respiratory symptoms.

A nurse working with sterilisation of dialysis equipment showed work related asthmatic
symptoms. Challenge with et hylene oxide resulted in increased airway reactivity. No further
details were available (Dugue, 1991; cited in Hayes, 1994).

A third case of occupational asthma has been mentioned in literature, but no further details
were available (Verraes, 1995; cited i n PSL assessment report, 2001).

The DS concluded that based on the available data, respiratory sensitisation cannot be
evaluated. Due to the inherent properties of ethylene oxide it is not possible to exclude an
irritant induced asthma. No classification w as proposed.

Comments received during public consultation

One MSCA commented on this hazard class, asking whether the DS had considered the use of
QSAR analysis to predict the potential of ethylene oxide to cause respiratory sensitisation.
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Assessment and c omparison with the classification criteria

Substances shall be classified as respiratory sensitizers if there is evidence in humans that
they may cause specific respiratory hypersensitivity and/or if there are positive results from
animal tests.

The availa ble human data presents a few cases of asthmatic symptoms and bronchial hyper

reactivity. High exposures to irritant gases/vapours, such as ethylene oxide, may result in

irritant induced asthma or RADS. These are not, however, caused by specific sensitisat ion. The
available data on asthmatic symptoms do not present evidence that justifies classification for

specific respiratory sensitisation to ethylene oxide.

RAC supports the proposal of the DS for no classification for respiratory sensitisation.
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4.7 Repeted dose toxicity

Repeated dose studies relevant for STOT RE classification are described under 4.8

4.8 Specific target organ toxicity(CLP Regulation) i repeated exposurdSTOT RE)

Neurological effects have been reported frequently after exposure to etlylide.Human as wél
as animal data are available documenting peripheral neuropathy.

Hematotoxicitywas described after exposure to ethylene oxide sterilized medical devices. Ethylene
oxide has effects on RBC, Hb, Ht and reticulocytes in animal stagidsin humans. A clear
mechanism could not be established so far.

4.8.1 Summary and discussion ofepeated dose toxicity findings relevant for classification
as STOT RE according to CLP Regulation

4.8.1.1Neurotoxicity

Human information

Neurological effects (primarilysensorimotor polyneuropathy) have been observed irkem®
exposed to ethylene oxide for decades. Early observations are documeitiadkwood (938,
von Oettingen(1939 and Sextor(1949 with symptoms likeheadache, nausea and vomitiigp
informationon exposure levels available ¢itedfrom ATSDR, 1990).

Neurologic effects after lontgerm occupational inhalation exposure to ethylene oxide are described
by Gross (1979)Four sterilizer operators exposed to ethylene oxide for up to two months on an
intermittent basis at levels of approximately 700 ppm (estimated by the authors based on the fact
that the exposed workers could smell the vapours emitted from a leaking apparatus) reported
headaches, nausea, vomiting, clumsiness, blunting of the skrtkagjy, numbness and weakness

in the extremities, and, in the case of one operator, recurrent major motor seizure$oaB®0
minute intervals near the end of the work shift. Nerve conduction studies indicatednsetts
neuropathy. These conditiomgere reversed in the case of one of these operators who was returned
to a position without ethylene oxide exposure, but the results of nerve conduction studies remained
abnormal in the cases of two of the three workers who were returned to positiongroétioyene

oxide exposure (50 ppm or less) (ATSDR, 1990)

SCOEL @012 cited a study by Garryl@79 where neurological symptoms were seen in 12
persons who had been exposed occupationally to ethylene oxide for about 6 months: headaches (6
persons), nause(5), speech disorders and impairment of stesrh memory (5), vertigo (3) and
incoordination (2). Measurements carried out in the air of the room during one sterilisation cycle
revealed a maximal ethylene oxide concentration of 36 ppm. This value wasydr, not
considered to be representative of the whole exposure period. In addition, in four persons with local
and neurological symptoms the level of sister chromatid exchange in cultured peripheral
lymphocytes was increased relative to the controlesaand showed no tendency to decrease even

18 weeks after the end of exposure.
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Kuzuhara (1983) reports 2 cas¢sut of several employees without symptonms)owing
sensorimotor polyneuropathyll worked at ethylene oxide sterilization for 8h/day. Workers
smelled gas for several minutes when the door of the sterilizer was open, indicating exposure
greater than 700ppm. Patient one noted paresthesia and weakness in the distal limbs three months
after first exposure. Examination in hospital showed distal hwebkness and cutaneous sensory

loss. Symptoms subsided spontaneously in a few weeks. Few weeks after return to work again
paresthesia and weakness appeared. Symptoms again subsided gradually within 2 months. Patient 2
noticed paresthesia six months aftep@sure started. Examination showed weakness in distal limb
muscles, mdly decreased sensations (touch, pain, warm/cold). Symptoms cleared one month later.
Nerve biopsie implied axonal degeneration and regeneration. Muscle changes suggested
denervation ash reinnervation.

Another case is reported by Schroder (1985). A worker in a sterilization factory showed weakness
in the lower extremities and a progressive gait unsteadiness after 5 months of exposure (up to
500ppm 23 times daily). Nerve conduction slies were markedly abnormal (decreased sensory
and motor conduction velocitypdicating moderate to severe polyneuropatRgexaminaon one

year later showed markedly improved conditioN&rve biopsy (sural nerve) showed moderate
decrease of large myehted fibres associated with an increase of small myelinated fibres.

In a clinical study (Estrin, 1987) 8 workers chronically exposed to ethylene oxide (or ethylene oxide
+ chlorodifluoromethane) were evaluated with a computerized psychometric tegty &tte
subtests), nerve conduction studies30® eventelated potential and EEG spectral analysis.
Exposed group performed more poorly (but not significant) in the psychometric test battery. A
significant relationship was only found between decreasinfpipeance on the CPTc@ntinuous
performance testind years of exposure. Nerve conduction studies indicate a significant reduction
in sural velocity with increased years of exposi&00 and EEG spectral analysis showed no
significant results.

Klees (1990) describes a group ob hospital workers chronically exposed to ethylene oxide (8h
TWA of 4.7ppm) compared to 24 unexposed workekfier review of a seHadministered
guestionnaire 4 exposed workers were excluded from the s8uhjects were testedith a
neuropsychological screening batte(gnemory scale, fingertapping, grip strengtétc) by
examiners blinded to exposure status. Results were reviewed independently by two
neuropsychologists. Neuropsychological function was classified as eithemalnampaired or
disagreement (between the two neuropsychologists). Disagreement occurred in 7/23 controls and
10/22 exposed workers. Exposed subjects were significantly more ritggalassified as impaired

(5/22) compared to controls (123 hese findigs give some evidence that central nervous system
dysfunction and cognitive impairment may result from chronic ethylene oxide exposure.

12 operatinggoom nurses/technicians developed symptomshédadache, hand numbnesgmory

loss and rash on wristavhere they hadcontact with ethylene oxidsterilized gowns (Brashear,
1996). Neurologic evaluation revealed neuropathy in 9/12 patieletgated vibration threshold in

4/9, abnormal pressure threshold in 10/11 and neuropathy on conduction studies in 4/10.
Neuropsychological testing demonstrated mild cognitive impairment in four of six patients. Sural
nerve biopsy in the most severely affected patient showed findings of axonal injury. Several
patients in this group displaglisigns of peripheral and CNS dysfition following exposure to EO.

7/12 had persistent hand symptoms for at least a year despite removal froeate® products.

The ethylene oxide level in the gown cuff 18 days poststerilization (stored in sealed packs) was
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298ppm and ethylene chlorohymf about 373ppm. Peak levels of exposure may have been even
higher. Patients may be exposed via the dermal and the inhalatory route.

Patch (2001¢oncluded in his study thahronic ethylene oxide exposuakso has impact in the area

of intellectual funtioning (IQ) and anxietyln a neuropsychological examinatigsychological
effects of 22 individuals suffering from ethylene oxide expogwaking in a medical setting for

24 to 108 monthsyere compared to those @4 victims of traumatic brain injur¢TBI) (time from

date of injury 1 to 73 months)ndividuals of both groups underwent cognitive examinations
(Wechsler 1Q, Fingertapping test, Reaction time test, MMPI, MAACIntelligent test scores
resulted in low average to average range for the T8l and borderline intellectual functioning
for the ethylene oxide grouppmpared to the established mean for the general pdiblecreaction

and movement time scores (finger tapping, reaction time test) indicate impairment for each group.
The MMPI testindicated preoccupation with bodily concerns, anxiety, depression and teridency
channel stressful feelingsito physical symptoms and feeling of alienation, isolation and social
disconnectedness for both groups. In the MAACL all scores (anxiety, deprebsstility) were
elevated for both groups compared to nonbrain injured reference groups with the ethylene oxide
exposed individuals exhibiting more feelings of anxiety, fear, edginess and loss of dantinel.
absencef datafrom control grougit is difficult to judge these results

Several studies repoperipheral neuropathy, impaired hagge coordination, and memory loss
after single or longerm exposure of workers to ethylene oxide (Crystal, 1988; Estrin, 1987/1990;
Finelli, 1983; Kuzuharal983; Salinas1981; Schroedefd985; Zampollp1984 De Freitas, 1991

In some tudies sural nerve biopsies showed axonal degeneratiahrageneration (Kuzuhara,
1983 Schroeder,1985 De Freitas, 1991; Brashear, 1998ymptoms improved after exposurce t
ethylene oxide terminated (Crystal, 1988, Kuzuhat@83 Zampollg 1984 Gross, 1979,
Fukushima, 1986Relevantinformation (affected workers, symptoms and exposure eotratior)

for these studies is compiled Tiable28.

Effects on the nervous systafter short term/single exposuaee described in Chapter 4.3.

Table28: Human evidence for neurotoxiciafter repeated exposure.

Method Results Remarks Reference

Peripheral neuropathy . GrossJ.A(1979)
Case reports (n=4) Supporting study

Casel: headache, nause _ _
Operators exposed ethylene  |yomiting, lethargy, motor |NO information on

oxide due to a leaking sterilizer seizures at 280min exposure

up to 2 months intervals; patient was fullyconcentrations
recovered 2 months later |qvailable.

Case 1: 3 weeks
Case 2: headache, limb |[700ppm are
Case 2: 3 weeks weakness, fatigability, |estimated by the

6 Ethylene Chlorohydrin (ECHJs a residue after sterilization that may be formed when ethylene oxide comes into
contact with free chloride ions ((CAS 107-3; Acute Tox 2*, H300; Acute Tox 1, H310; Acute Tox 2*, H330).

7 Instruments sensitive to neurobehavigstdtus: Minnesota Multiphasic Personality Inventory (MMPI) and Multiple
Affect Adjective Checklist (MAACL)
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Method

Results

Remarks

Reference

Case 3: 2 weeks

Case 4: 2 months

wide based unsteady gait
shift to work without
exposure resulted in
significant improvement

Case 3: headache, altere
memory and thinking,
fatigability, cramps; furthe
work under codition of
lower exposure (50ppm)
resulted in no improveme
of nerve conduction studi

Case 4: asymptomatic bu
nerve conduction studies
showed sensorimotor
polyneuropathy ; further
work under condition of
lower exposure (50ppm)
resulted in no improvenn
of nerve conduction studi

authors as the
workers could
smell the chemica|

Possibility of short
time exposure to
high levels of
ethylene oxide no
assessd

Clinical study

Occupational exposure during
ethylene oxide gas sterilization

headachesnausea, speeg
disorders and impairment
of shortterm memory,
vertigo and incoordinatior

Supporting study

Garry V.F.
(1979)

(cited in SCOEL
2012)

Case report43-yearold female
nursg

Nausea, stomach spasms
paleness, light. headedne
short periods of

unconsciousness,

Supporting study

Salinas E. (1981

Accidental release of ethylene |convulsive movements of (cited in US
oxide vapour (estimated 500pp|arms and legs, periscf EPA, 2010)
apnea, muscle twitching,

Duration: 23min nausea
Inability to perform minor
motor tasks continued for|
up to 1 week after exposu
Irrit. of upper resp.tract, _ DeleixheP.A.
Case report (n=5) headache, intense Supportlng StUdy (1986)
_ generalized pruritus
Accidental release ; >260ppm (cited in US
muscular weakness in on EPA, 2010)

Duration: 30min

worker

Coexposure
ethylene oxide an
carbon dioxide

Survey (n=165)

Headaches, skin and eye
irritation, dry mouth, sore

throat, skin rash, loss of

Bryant H.E.
(1989)
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Method Results Remarks Reference
11-23.5ppm sense of smell, shortness| (cited in US
breath, nausea, numbnesg EPA, 2010)
Duration per cycle: 2.77 in fingers, drowsiness
11.75min
Polyneuropathy (bilateral _ Finelli P.F.
Case report (n=3) footdrop, denervation ~ [Supporting study | 19g3)
potential on
electromyography) (cited in DFG,
1993)
Sensorimotor neuropathy _ Kuzuhara S.
Case report (n=2) (axonal sural nerve Supporting study | (19g3)
) ~ |degeneration)
ethylene oxide sterilization termination of exposure
Several months of exposure
about 1,5h/day
Concentrationestimategeak
exposure- 700ppm (smelling)
when opening the sterilizer
Peripheral neuropathy _ Zampollo A
Case report (h=2mong 12 Supporting study (1984)

female workers

Cease of exposure result

in swift remission of Exposure
Two yearsof exposure (ethylen¢symptoms and complete |fluctuating
oxide sterilizer) normalisation of the between 10 and
electromyographyecord (400ppm
Polyneuropathy (distal . Schroeder J.M.
Case report (n=1) weaknes of lower Supporting study

5 months of exposure

Concentration: up to 500ppn, 2
3 times daily

extremities and transitory
reduced nerve conductior
velocity, nerve fibre
degeneration)

Improvement irre-
examinationl year after
exposure

(1985)

Case report (n=4)

Exposure 8L0 times/day while
transporting erilized products
and once daily while exchangin

Polyneuropathy
(impairment of lower limb
and titubation)

All patients show
motoneuron disease, dors
cord disorder, cranial and

Supporting study

Fukushima T.
(1986)

(as cited in
NEDO, 2004)
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Method Results Remarks Reference
containers autonomic disorders

Reversible

After 7 years symptoms _ Crystal H.A.
Case report (n=1) like impaired memory, ~|Supporting study |(;ggg)

10 years of exposure (adjacent
an ethylene oxide chemical
sterilizer)

increased irritability,
clumsiness, falling

Symptoms markedly
improved few months afte
exposure ceased

Symptoms 1 year after
exposure ceased: emotio
lability, impaired
concentration, cognitive
slowing, impaired recent
and remote memory

4,2ppm (when the|
sterilizer was
closed)

Clinical study (measament of
nervous system function)

8 hospital workers and 8 contrg
persons

Exposure 80 years

Exposed group performe
more poorly in eight
psychometric tests, but 7
were not statistically
significant.
Doseresponse&elationship
between years of exposu
and slowing if sural nerve
conduction velocity

No significant
abnormalities in blood
chemistry

Test substance:
sterilizer using
12% ethylene
oxide + 88%
chlorodifluorometh
an or 100%
ethylene oxide

Estimated averagg
exposure: less tha

1ppm

Second
measuement: up
to 250ppm

Estrin W.J
(1987)

and

Estrin W.J
(1990)

Crosssectional study

25 exposed workergor 1-
llyears)i 4 excluded after
review of questionaire

24 unexposed control workers

Evaluation with a self
administered questionnaire aag
neuropsychlogical screening

There were significantly
more subjects judged as
impaired in the expsed
group(5/22)versus contro
group(1/23)suggesting
CNS dysfunction and
cognitive impairment

Low doseexposurg
(8h TWA 4.7ppm)
but peak exposurg
possible

Bias: awareness ¢
exposure among
subjects may resu
in an exaggerated

Klees J.E. (199(
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Method

Results

Remarks

Reference

battery

selfreporting on
the questionnaire

Case report (n=1)

mild sensorimotor
polyneuropathy (axonal
degenerative type)

Supporting study

De Freitas M.R.
(1991)

Seven years of exposure sural nerve biopsy: mild |No detailed
loss of myelinated fibres, |information
fibres with axonal available
degeneration
o Rash on arm and wrist _ Brashear A.
Clinical survey (n=12) dysesthesia, headache |Supporting study (1996)

12 operatingoom
nurses/technicians

Inhalative and dermal exposurg
(vapour in package and residue

retained in surgical gowns)

Neuropathy in 9/12

further symptoms: memot
loss, mild cognitive
impairment, elevated
vibration threshold,
abnormal pressure
threshold

sural nerve biopsy: axong
injury

persistenhand symptoms
for at least 1 year after
removal

Exposure to
ethyleneoxide and
ethylene
chlorohydrin

measurement in
gown cuff:
Ethylene oxide
=298ppm

Ethylene
chlorohydrin =
373ppm

Peak level
exposure unknow

Neuropsyghological examinatior

of exposed workergn=22)

Exposure: 24108 months

IQs of ethylene oxide
exposed individuals lowel
than for general populatiq

Feelings of anxiety, fear,
edginess and loss of cont

Supporting study

Examination of
sequelae of
ethylene oxide
exposure

No information on
exposure
concentrations
available.

No informationon
effects likeeg.
neuropathy in
exposed workers
given.

Patch P.C.
(2001)
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Non-human Information

ANNEX 1 - BACKGROUND DOCUMENTTO RAC OPINION ON EHYLENE OXIDE, OXIRANE

Available animal data for the evaluation of neurotoxic effects ofletie oxide is compiled in

Table29.

Table 29: Animal studies relevant for evaluation ofneurotoxicity

Method

Results

Remarks

Reference

Chronic neurotoxicity studies

Cat
Subacute inhalation study

Concentation: about 100 or
200ppm

Exposure: iseverah/day, up to
22d

No information on number of
animals or available control

group

lethal for the animals afte
about 22 days

Paralysis of hind limbs,
unsteady gait

Autopsy:generalized
hyperaemia of the ietnal
organs and the brain,
perivascular haemorrhagg
and liver and kidney
damage.

Study not availabl

Testing material :
ethylene oxide

Actual
concentrations
were probably
much higher than
stated

Koelsch F (193(C

(as cited in DFG
1993)

Rats, mice, gimea pigs, rabbits,
monkeys(for details on number
of animals se@able30)

Concentration: 841, 357, 204,
113, 49ppmcontrol

Exposure: 7h/day, the duration
exposure was varying from 100
to 357days (dependean

concentration and animal used

841ppm (10days of
exposure): all mice died,
no effects on neurotoxicit
in other animals

357ppm (48357d):
paralysis, impairment of
nervous system, muscula
atrophy, poor reflexes;
guinea pigs showed no
effect on nervousystem

204ppm (17&226d):
monkeys showed partial
paralysis and muscle
atrophy

rabbits show slight/marke
paralysis in rear legs

113ppm (17&226d): no
effects

49ppm (186184d): no
effects

Supporting
evidence

Small number of
animalsin each
exposure grup

Test material:
ethylene oxide
vapour

Hollingsworth
R.L. (1956)

Cynomolgus monkeys (12
animals per group)

No clinical evidence of
neurotoxicity or effect on
peripheral nerve

Study not availabl

Small number of

Sprinz H (1982)
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Method

Results

Remarks

Reference

Concentration: 50, 100ppm
control

Exposure: 6h/day, 5d/week, 24
months

conduction

Light microscopy:

- no difference
between ulnar ang
sciatic nerves

- Demyelination in
fasciculus gracilis
in 1 of 2 monkeys
each dose group

monkeys examine

Test material:
ethylene oxide

(as citel in
ECETOC, 1984

Monkeys

- Macaca fascicularjs
male obtained from the
wild, unknovn agé (1
animals per group

- Cynomolgus monkeys
(12 animals per grogp

chronic (inhalatiorchamber
exposurg

Concentration50 and 100 ppm
Ethylene oxidgénominal cong,
control (13 animals each)

Exposure: 24 months (7 h/day,
d/weeks)

MCYV: there was no
significant difference
between oxide exposure
groups and control$wo
animals in the 100ppm
group showed a large
reduction in MCVbetween
12 months and the
terminationof exposure)

EEG: no detectable
differences between
exposed and control grou

Neuropathology (2 anima
from each exposure grou
Axonal bodies in the
nucleus gracilis at 50ppm|
and 100ppm
demyelination in the
extreme distal portion of
the fasciculugracilis in
one monkeys at 50ppm a
one at 100ppm exposure

Under the condition of thi
study no significant

neurophysiological effects
were found.

2 (reliable with
restrictions)

Test material:
ethylene oxide

Difficulties of the
study: Small
number of
morkeys examine
and possibility of
agerelated effects

Setzer, J.V.
(1996)

Fischer 344 (rats), CD1 and CH
(mice) male/female

subchronic (inhalation: vapour)
(whole body)

Concentration 450, 150, 100,
and 50 ppm (nominal cong.)
control

Vehicle: no data

Exposure: 7- 8 weeks (6 h/d, 5

no NOAEC identified

450ppm (rats, micehigh
mortality by the end of
week?2 (mice) and week 3
(rat); tremor, convudion,
paresis of hindquarters w,
seen before death (week
3)

neuremuscuér function
examination at50ppm

Study reportnot
available,
evaluation based
on IUCLID datase

GLP

2 (reliable with
restrictions)

Test material:
ethylene oxide

Snellings, W.M.
(1982)
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Method

Results

Remarks

Reference

diw)

Animals per group: 35m rats, 3
rats, 15 m CD1 mice, 15 f CD1
mice, 15 m CF1 mice, 15 f CF1
mice

(rats only) no appreciablé
differences were noted
between the E@xposed
and control groups

This study was
conducted
according to the
protocol and
amendments
prepared by the
Chemical Hygieneg
Fellowship.

F344 rats, mal€éB0 per group) |Multifocal areas of 2 (reliable with Lynch, D.W.,
L atrophy, degeneration of |restrictions) (1984
Concentraon: 0, 50, 100ppm skeletal muscle fibres at 0 g
supporing stu
Exposure: 7h/d, 5d/w for 2 yeal100ppm bporing y
Changes were not Test material:
accompanied by any | €thylene oxide
changes in nerves
(detectable in light
microscopy)
Cynomolgus monkey Rats 100ppm: increased |Study not availabl{Lynch, D.W.,
incidence of skeletal (1984a)

rats
Concentration, 50, 100 ppm

Exposure: 2 years (7 h/d, 5 d/w

muscle myopathy,
multifocal areas of atroph
and degeneratioof
skeletal muscle fibers.

Monkey 100ppm: slight
demyelination of the
brains, no changes in
routine electrocardiogram

Rats 50ppm: brain lesions
in rats.

supporting study
experimental resu

Test material:
ethylene oxide

No informatbn on
number of animalg
used

(cited in
ATSDR, 1990)

mouse (B6C3H male/female

subchronidnhalationstudy
(vapour)

Concentration 250, 100, 50 or
10 ppm

The actual mean chamber
concentration levels 236, 104, 4
and 10 ppm, respteely, were

close to the target concentratio

NOAEC: 10 ppm
(male/female) (overall
effects)

Neuromuscular screening
test: Doseelaed trend of
response for reduced
locomotor function and
abnormal posture (250
100:50ppm)

No histologic alterations i

2 (reliable with
restrictions)

weight of evidence
(small sample sizeg

experimental resu

Test material
ethylene oxide

Snellings, W.M.
(1984)
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Method Results Remarks Reference
(nominal conc.) muscle or nervous tissue.
Number of animals: 30m, 30f
Exposure: 6 burdday, 5
daysgweek forl0 weekgdmale3
or 11 weekqfemales)
Wistar rats, male (5 exposed, 5§ Axonal degeneration of |2 (reliable with  |Ohnishi A.
control) myelinated fibres in the |restrictions) (1985)
_ fasciculus gracilis and thg
Concentration 500ppm hindleg nerve Test substa.nce
. ethylene oxide
Exposure: 6h/days, 3days/wee Electron microscopic
for 13 weeks findings:
fasciculus gracilig
decrease of myelinated
fibre densitiy. decrease in
the median diameter of
myel. fibres
hindleg nerv myelinated
fibres with multifocal
breakdown of the myelin
sheath
Wistar rats No definite abnormality of Abstract only Ohnishi A.
_ the gait or posture in (1986)
Concentration 250ppm control and test rats !\Io furthgr
_ information
Exposure: 6h/days, Sdays/wee Histolog. examination: |available

for 9 months

Distal axonal degeneratio
of myelinated fibres in
sural nerves ahfasciculus
gracilis

extent of distribution and
severity of degenerative
findings was variable.

Wistar rats, male and female
Concentration 250ppm

Exposure: 6h/days, 5days/wee
for 17 week

Both (m and f) showed
paresis of hindlegs, but
sexual difference did not
affect the degree

Axonal degeneration of th
myelinated fibres in the

peroneal nerv, the nerv tg

Abstract only

No further
information
available

Mori K. (1990)
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Method Results Remarks Reference

the soleus muscle and in
the fasciculus gracilis

Sexual differences playeq
no partin the severity of
degenerations

Range finding study NOAEL= 100ppm Study not availabl{Mandela R.C.

(1997D) (cited in
SpragueDawley rats (5m and 5{0One femaleat in the 500 US EPA,2010)
each group) ppmgroup was found deg

on day 18. Clinical signs |T€sting material :
Concentration: 1,100, 300, 400 observed at 500 ppm ethylene oxide
500ppm includedirregular gait,
decreased fecal volume,
Exposure: inhalation, 4 weeks |lethargy, prostration,
emaciation, yellow
anogenital staining, moist
rales, hbored breathing,
palenesshlack and brown
stains on the snout

Body weight: decreased
12-42% in m and f at 330
400, 500ppm

Neurologic. Assessment:
hindlimb grip strength
decreased 22% to 36% ir
both sexes at 300, 400, a
500 ppm; Landing foot
splay decreased 29% to
42% in both sexes at wee
3 or 4 at 400 and 500 ppn

Postmortem examination
decreased absolute brain
weight in males with 500
ppm exposure. No
exposurerelated gross
lesions were observed, ar
only minimal to slight
vacuolation of the white
matter of the thalamus an
medulla oblongat was
observed in both sexes al

500
ppm.
Subchronic neurotoxicity study|NOAEL= 100ppm Study not availabl{Mandella R.C.
(1997c) (cited in
SpragueDawley rats (15m and |No exposuraelated US EPA. 2010)

effects at 100 ppm and
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Method Results Remarks Reference
15f each group) no exposurgelated Testing material :
effects observetbr ethylene oxide

Concentration: 0, 25, 50, 100, clinical signs, mortality,

200ppm or cholinesterase activit
Exposure: inhalation, 14 weeks atany concentration.
Bodyweight gain
decreased 26 to 17%
during posure to
200pm

Neurobehavioral
assessmenho exposure
related effect except for
a 25% decrease in
hindlimb grip strength i
females exposed to 20(
ppm. The level of moto
activity did not differ
betweerexposed and
control rats.

Postmortem
examinaton: no
exposurerelatedgross o
microscopic lesions in
nervous system tissue

In an early study with cats (Koelsch, 1930), exposure for one to sewend Haily to ethylene

oxide concentrations which were presumably much higher than stated (100 ppr@O@as lethal

for the animals after about 22 days. Reduced fomtsumption and also apathy, paralysis of the

hind limbs and an unsteady gait were th@smconspicuous symptoms; autopsy revealed
generalized hyperaemia of the internal organs and the brain, perivascular haemorrhage and liver and
kidney damage (cited in DFG, 1998)FG, 1993 also cites subacutestudy by Jacobson (1956)

where dogs were exped to 290ppnethylene oxide (6h/d, 6 weeks). 2 of 3 dogs showed tremor,
vomiting and weakness in the hind legs (atrophy of the hind leg muscles).

In arepeated dose studby Hollingsworth (1956) rats, mice, guinea pigs, rabbits and monkeys
exposedto various concentrations (841, 357, 204, 113, 49ppm) of ethylene oxide. At 357ppm
(exposure period varying from 48 to 357days) the growth of all species was markedly subnormal.
Several animals died during exposure period. Rats, rabbits and monkeys shpaeedfunction

of the nervous system (lumbar and sacral region), paralysis and subsequent atrophy of the muscles
of the hind limbs. Recovery appeared to be complete in all species surviving the testing period.
Guinea pigs showed no effect on the nervowstesn. In addition to the symptoms above monkey
showed poor or neexistent knee jerk reflexes, poor pain perception in the hind quarters and about
the genitalia. The creasteric reflex was elicited. The extensor reflex of the palms of the hind feet
was na-existent. During exposure to 204ppm ethylene oxide for up to 226 days monkeys
developed less active knee jerk reflexes and the Babinski reflex was positive. Partial paralysis and
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some evidence of muscular atrophy of the rear extremities were noted19ételays rabbits also
exhibited slight to marked paralysis in the rear legs. No adverse effects were seen at 113 and
49ppm. Table 30 gives an overview on exposed animals and effects obseNeddetailed
information on the numbef affected animals is given in the study.

Table 30: Study results of repeated 7idays, 5d/weekvapour exposure (Hollingsworth, 1956).

Test concentratiol Animal (humber) duration effect
(pPpm)
841 Rats (10) 8 exposures in 10 day Irritation of  the

respiratory tract
Guinea pigs (8) P y

All animals died

Rabbits(2)
Mice (5)
Monkey (1)
357 (pilot study) Rats m (10) 7 exposures in 9 days| 2 rats and 4 mice died
Rats f (10) Moderate loss of bod
_ weight
Mice f (10)
Severe lung injury in
ratsand mice
357 rats m (10) 3359 exposures in 4§ All mice died after 33
85 days exposures *
Rats f (10)
. 1 rabbit (m) died afte
Rabbits (2) 48 exposures
Mice f (10) All rats (except twa

Monkey f (1) males) died after 3
exposures *. These
rats were given 4]
exposures and the
allowed to recover

* Secondary infectior
was the primary causg
of death in ratsand
mice.

Towards the end o©
exposure durationats,
rabbits and monke
showed impairec
function of the
Guinea pigs m+f (8) nervous system at th
123 exposures in 176 level of lumbar ang
357 days sacral region. Paralys

Monkeys m+f (2) and atrophy of thg
muscles of the hing
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Monkeys m (2)

3841 exposures in 6
days

94 exposures in 14
days

limbs. All  these
delayed effects wer
reversibe in  the
recovery periode up t
132 days.

Guinea pigs showe
no effects on thg
nervous system.

Monkeys showeq
impairment of function
of the nervous systen
paralysis, muscula
atrophy of the hing
limbs, poor knee jer
reflex, poaw pain
perception, ng
extensor reflex of the
palms

204 Rats (20) 122-157 exposures i
. 176226 days .
Mice f (10) Some rats and mic
_ _ died due to secondar
Guinea pigs (8) respiratory infection
Rabbits (4) Rats: Depresse
Monkeys f (2) growth in rats, marke
increase  in lung
weights
Monkeys: less activg
knee jerk reflexes, pog
Babinskireflex, partial
paralysis, evidence ¢
muscular atrophy o
the rear extremities
Rabbits:  slight tg
marked paralysis i
the rear legs
113 Rats (20) 122-157 exposures il Growth depression i
_ . 176226 days male rats
Guinea pigs (8)
) Moderate increase |
Rabbits m (2)  (2) lung weight in malg
Monkeys f (2) rats
49 Rats (20) 127131 exposures il No adverse effects
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Guinea pigs (8) 180-184 days
Rabbits m (2) f (2)
Mice (10)

Control (air exposed) | Well matcted with the
experimental animal
in respect to numbe
age, sex and bod
weight

Snellings (1982) reported a subchronic inhalation study with male and female rats and mice (GLP
compliant). The animals wemxposed tosapour concentrations of 450, 15@0land 50ppm (in
inhalation chambers) for 6 hours per day and 5 days per week over a study perio8 weéks.

Within 2 to 3 weeks, high numbers of mortalities and other significant treatelateéd effects for

both rats and mice occurred at the 450mxposure level. Before death occurred in rats and mice

of this exposure group, observations of tremors, convulsions, and pardseshondquarters were
observed in several animaklthough there was no clear pathogenesis, the most probable cause of
deah for the rats was vascular damage or nasal cavity obstruction. Histologic changes noted for the
rats of the 450ppm concentration group, which were sacrificed after 2 or 3 weeks of exposure, were
various lesions in the nasal cavity mucosa, lymphoid tisstephy, and testicular degeneration.
Neuromuscular Function Testgreperformed on male and female rats of the 150 ppm and control
groups on a Friday (i.e. following 5 completed exposure days) and on a Monday (i.e. following
subsequent exposure afted&ys of no exposure). It was found that there were no major differences
noted in the okervations made on tee two days for the male and female rats in the 150 ppm
exposure groupDuring the 5, 6 and 7th exposure weeks, the same detailed evaluations were
performed on the 150 ppm and control groups of rats. Because of time limitations, only a small
sample size was used during these evaluations. During this time period, no appreciable differences
were noted between the E®posed and control groups. At theakiation prior to the final
sacrifice, the number of animals evaluated was larger. As before, no significant differences were
noted.Only a few significant findings in organ weight determinations and clinical pathology values
were noted in the rats of tH&0ppm exposure level;, however, none of these were supported by
histopathologic alteration®Vhite blood cell counts for 150, 100 and 50ppm female rats exposure
groups at week 8 were statistically lower than control (but no dose respdnsayerall NOAEC

could be established as adverse effects were ateeoncentration® 50 p p m. For neur
NOAEC of 150ppm can be derived.

Snellings (1984) conducted a vapour inhalation GtiRlyin mice for a duration of 10 weeks for

males and 11 weeks for females. Male and female mice were given concentrafiph@, &0, 100

and 250ppm ethylene oxide in an inhalation chamber for 6 hours per day and 5 days per week.
There was no appreciable difference in mortality for the exposed groups and the controls. No
common cause of death was obvious for those animals that died or tlatsaegificed in a
moribund condition. The gain in body weight for the animals of the highest exposure group was
statistically significantly lower than that of the control for only the last exposure week. The
statistically significant pathologic findings ah could be indicative of a toxic response were
observed in the 250 ppm exposure group only. They included minimal changes in certain erythroid
parameters, increased liver weight, decreased testicular weight, and decreased spleen weight (noted
also in thelOOppm group. However, of the tissues examined grossly or microscopically, there were
no histopathologic findings to support any of these apparent treateleted effects. Results of a
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neuromuscular function test indicated that certain reflex responseke@omotor activities were
affected in theethylene oxideexposed animals. A doselated trend of response in the 250, 100,
and 50ppm exposure groups was noted in the evaluation of locomotor furfabonsmal posture,
reduced locomotor activitypt 0ppm a statistical difference for abnormal reflexes of righting, toe
pinch, tails pinch was observedowever, because of the small sample $izenice were selected

for neuromuscular screening testindgtermination of what concentrations were effeatmeffect

levels is difficult. There were no accompanying histopathologic alterations in muscle and central or
peripheral nervous tissue. The NOAEC was found to be 10ppm for male and female mice.

A two-year study in rats (Lynch, 1984) showed a skeletadaleumyopathy in 100ppm exposed
rats. These changes were not accompanied by any changes in the nerves.

Lynch (1984a) reported a chronic inhalation study with monlee rats (number of animals
unknown) The animals were exposed to vapour concentratios® aind 100ppm for 7 hours per

day and 5 days per week over a study period of 2 years. The 100ppm group had a statistically
significant reduced mean body weight compared to the control group beginning at week 19 and
continuing through week 104. Five monkeglied during the -ear exposures, one each in the
ethylene oxide 58pmand ethylene oxide 100ppm groups. These deaths did not appear to be related
to ethyleneoxide exposureThe study reported an increased incidence of skeletal muscle myopathy in rats
exposed to ethylene oxide at 100 ppm. Lesions consisted of multifocal areas of atrophy and Degeneration of
skeletal muscle fibers. Chronic exposures to ethylene oxide at 100 ppm resulted in slight demyelination of
the brains of monkeys and exposure to 5 ppsulted in brain lesions in rats. No treatment related changes
were observed in routine electrocardiograms taken from monkeys throughout the EBtigince of
neurotoxicitiy and demyelination was found at both doses. Exposure to 100ppm decreasedmnuerstion
velocities.No haematological effects were seen in monk&yshe discussion the author point out

that intraspecies variation might be considerable and some inds/ichasie susceptible than others
(reviewed in ATSDR, 1990).

ECETOC (1984) citea study by Sprinz (1982) whei@ynomolgus monkeys (12 animals per
group) were exposed to 50 and 100ppm of ethylene oxide. They showed neither clinical evidence of
neurotoxicity nor any effect on peripheral nerve conduction. tigietoscopic investigatianwere
performed with pairs of animals from each group. These revealed no differences between the ulnar
and sciatic nerves from exposed and control monkeys. However, demyelination was observed in the
distal portion of the fasciculus gracilis in 1 of 2 meg& of both exposure groups. An axonal
dystrophy was also noted in the nucleus gracilis. There were no clinical findings which could
account for the histological changes. The pathogenesis and biological significance of these findings
in this very small poplation of exposed primates is uncertain.

In a study by Setzer (1996) (evaluatedUS EPA, 2010) groups of X2ynomolgusmonkeys+ 1
Macaca fascwere exposed whole body to ethylene oxide (99.7%) in Bskainlesssteel and glass
chambers at concentrati® of 0, 50, or 100ppm for 7 h/day, 5 days/week for 24 months. The
monkeys obtained from the wild were of unknown age. Two animals from each group were
sacrificed at the end of the exposure period for neuropathologic examination. The remaining
animals werenaintained for additional 7 years without ethylene oxide exposure, at which time two
additional animals per group were subjected to neuropathologic examination. Mean body weight of
monkeys exposed to 50ppm was similar to that of controls, but the 100pjup weighed
significantly less than controls from week 25 to the termination of exposure. The maximum nerve
conduction velocity (MCV) of the monkeys exposed to ethylene oxide did not differ significantly
from that of controls at any time during exposurat it was consistently lower in the 100ppm
group than in controls from 12 months to the termination of exposure. The investigators noted that
MCV of two animals in the 100ppm group showed a large decline between 12 months and the
termination of exposuréelhe MCV was not significantly affected in animals exposed to ethylene
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oxide at the end of the-year recovery period. No significant effect was observed on EEG
measurements. Neuropathologic examination of two monkeys per group after exposure for 2 years
showed lesions indicating axonal dystrophy in the medulla oblongata, restricted to the nucleus
gracilis at 50 and 100ppm. The lesions were negative/trace or negative in the two controls, slight or
severe in the two 50ppm monkeys, and negative or slight éntWo 100ppm monkeys.
Demyelination in the extreme distal portion of the fasciculus gracilis was seen in one monkey in
each group; the lesion was severe at 100ppm. Neuropathologic examination of two monkeys per
group maintained for the additional 7 yeanswed slight or moderate axonal dystrophy in the two
monkeys in each group, including controls. The authors concluded that no statistically significant
group differences in neurophysiological or neuropathological endpoints were found but they also
underlire the symptoms seen in the 100ppm group where the two examined monkeys showed
substantial decrease in MCV over the firstmi@nths of exposure. One of these also showed severe
demyelination of the fasciculus gracilis. No final conclusion on neurotoxitigéghylene oxide can

be drawn as the study results are limited by the small number of monkeys examined (2 animals
from each group) and the possibility of agdated effects.

In a 4week rangdinding study (Mandella1997b; cited in USEPA, 2010) groupsf five male and

five female Spragu®awley rats were exposed by whdledy inhalation to ethylene oxide vapor at
concentrations of 0, 100, 300, 400, or 500ppm. No exposelaed effects were observed at 100

ppm. One female rat in the 5@@m group wasound dead on day 18. Clinical signs observed at

500 ppm included irregular gait, decreased fecal volume, lethargy, prostration, emaciation, yellow
anogenital staining, moist rales, labored breathing, paleness, and black and brown stains on the
snout. Bo@ weights of males and females exposed to 300, 400, or 500ppm decreased by 12% to
42% at study termination and food consumption decreased by 15% and 18% in females and males,
respectively, during the first week. The neurologic assessment at weeks 3 aodetl ghat
hindlimb grip strength decreased 22% to 36% in both sexes at 300, 400, and 500 ppm; this effect
was more severe at 400 and 500ppm. Landing foot splay decreased 29% to 42% in both sexes at
week 3 or 4 at 400 and 500ppm; this effect was more seae’500 ppm. The postmortem
examination showed decreased absolute brain weight in males witpp&00exposure. No
exposurerelated gross lesions weobservedand only minimal to slight vacushtion of the white

matter of the thalamus and medulla obldagaas observed in both sexes at 500ppm. The NOAEL

for the 4week inhalation study was 100 ppm.

Mandella (19979 (cited in USEPA, 2010) describes a subchronic neurotoxicity study where
groups of 15 male and 15 female Sprafaavley rats were exposed byhale body inhalation to
ethylene oxidevapour at concentrations of 0, 25, 50, 100, or 200 ppm for 14 weeks.
Neurobehavioral assessments (functional observational battery) were conducted on 10 rats of each
sex after exposure for 5, 9, and 14 weeks and aft&week recovery period. Five rats of each sex
were assessed for gross and microscopic lesions after exposure for 14 weeks and afieeéhe 13
recovery period. No exposurelated effects were observed at 100 ppm and no expodated

effects were bserved for clinical signs, mortality, or cholinesterase activity at any concentration.
Body weight gain decreased 16% to 17% during exposure to 200 ppm with a concomitant decrease
in food consumption. The neurobehavioral assessment showed no exetageadeeffect except for

a 25% decrease in hindlimb grip strength in females exposed to 200 ppm. The level of motor
activity did not differ between exposed and control rats. Postmortem examination showed no
exposurerelated gross or microscopic lesions invoers system tissue. The NOAEL for this study

was 100 ppm.

Ohnishi (1985) studied the effect of inhaled ethylene oxajuron neuropathy in rats. Five male
Wistar rats were exposed to ethylene oxide at a concentration of 500 ppm, 6 h/day, 3 days/week fo
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13 weeks. Five paifed animals exposed to ambient air served as controls. Clinical signs in the
exposed rats included an awkward gait at weeks 5 to 8 and slight to moderate hindlimb ataxia
starting at week 9 or 10. Light and electron microscopic exdmmaf peripheral nerves showed
axonal degeneration of myelinated fibers in the fasciculus gracilis and hindlimb nerves. The
degenerative changes accounted for the atabserved in these animals (EBA, 2011).

In another study by Ohnishi (1986) an egpre of Wistar rats for 6h/week, 5 days/week for 9
months to 250ppm ethylene oxide also showed axonal degeneration of myelinated fibres in sural
nerves and fasciculus gracile. Sexual differences in Wistar rats play no part in the severitiy of
degeneratios (Mori, 1990).

Effects on the nervous system have been observed frequently in laboratory axpusdsd to
ethylene oxide.Acute studies (Mandellal997a Snellings, 2011 (Chapter 4.3)show slight
impaired locomotion, remor, absence of reflexetheseeffects were not persistent in gatn
subchronic or chronic studies in rats, mi@hbits andnonkeysthere was a range of neurological
effects, including awkward or ataxic gait, paralysis, and atrophy of the muscles of the hindlimbs,
acconpanied in sme cases by pathological evidence of axonal degeneration of myelinated fibres in
nerves of the hind leg&ffects on various reflexes (righting, tail pinch, toe pinch) were also noted.
Demyelination has been seen in primates at 50ppm (Sprinz, 1982; $68&¥(but small number

of animals investigated), similar to effects seen in humaRSDR derived a LOAEL=50ppm and

a NOAEL=10ppm for neurotoxicity based on the study of Snellings (1984). More recent studies in
rats show a NOAEL=100ppm (MandellE897b,c).

4.8.1.2Hematotoxicity

General introduction:

Ethylene oxide reacts with amino acidyseine N-terminalvaling histiding in haemoglobinThe
main difference betweespecies ishe 12 and 170 times higher reactivity of cysteine in mouse and
rat Hb, respevely, than in human Hi§Segerback190). According to Ostermaolkar (1976
these alkylations do not alter the life span of erythrocyies effect has been used for monitoring
of exposure to ethylene oxidBue to the stability and lack of repair bdemoglobin adducts the
level measured reflects the integrated exposure over a period of 4 riotitbdifespan of the
erythrocytegYong, 2001)

Non human information

Table 31: Animal studies relevant for evaluation of hematooxicity

Method Results Remarks References

In vitro hemolysis tes| Dose respons| Supporting study Anand V.P.(2003)
(Autian J Authorized relationships betwee
toxicity testing| hemolysis and
protocols, Vol I) ethylene oxide conc d Testing material :
duration of exposur

_ ethylene oxide
at concentrabns

New Zealand rabbi
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blood >500ug/m|
30% hemolysis a
1250 pg/ml
Mice C57BL/6Jmale |[Hb Z, Ht Z, |2 (reliable  with| Popp DM. (1986
_ _ _ restrictions)
inhalation study Decrease in the bor
marrow cell density| Supportng study
6h/d, 5d/week (fol and the number d
1d,2d, 4d, 8d, 14d lymphocytes
4wk, 6wk, 8wk, 10wk) . :
Bone marrow Testing material :
255ppm populations and €thylene oxide
4 animals/group leukocytes in  the
peripheral blooo
perturbed
Alterations in the cel
cycle data of the bon
marrow
B6C3F1 mice Mice exposed at 40| 2 (reliable with| NTP (1987)
) and 600ppm died if restrictions)
Inhalation study week 14, necropsy
) done According to NTP|
10 mice of each se standard
per group Thymic lymphaytic
necrosis in  male
(10/10) and females testing material :
0, 50, 100, 200, 40( (6/10)at 600ppm; ethylene oxide
600ppm . .
Lymphocytic necrosis
6h/d, 5d/week for 14 of the spleen in male
weeks (5/10)at 600ppm
Subchronic inhalatiof 2 50 p p m: ]2 (reliable with| Snellings W.M. (1984
study PCVZ, HbZ |restrictions)
B6C3F1 mice (10 No effects at lowe
mice per sex and dog conc. _
group) This study was
conducted accordin
Conc: 0, 10, 50, 10(¢ to the protocol anc

250ppm

6h/d,

5d/week,
10(m)/11(f) weeks

Histology of spleen
liver. testis and brail
normal

Organs weights g
250ppm: liver (f)y,
spleen ( m,
No

information on

amendments prepare
by the Chemica
Hygiene Fellowship.

Testing material :
ethylene oxide
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secondary effects.

Wistar rats male Coproporphyrin Abstract only, repor] Fujishiro K. (1989)
i excretiony (250%) not available
Inhalation study (Japanese)
chronic Urinary
coproporphyrin/mg
500ppm creatininey (141%)
Wistar rats, male Macrocytic, Key study Mori K.(1990)
. normochromic anemi . :
Inhalation study ( Hb Z Ht 7|2 (reliable with
Paitfed MCVY, reti restrictions)
Control n=8 Glutath_ion _ reductas
B actil vity Z Testing material :
500ppm, n=28 ethylene oxide
6hr/d; 3d/week _ _
No information on
for 2, 6 andl3 weeks | secondary effects.
No histopathology
Wistar rats, male Normocytic and Key study Fujishiro K. (1990)
. normochromic anemi . )
Inhalation study (HbZ Ht 7|2 (reliable with
Pairfed reticulocyte) restrictions)
500ppm ALA Syn,t ha
ferrochelata e Z, | Testing material :
6hr/d; 3d/week (for 2| uroporphyring, ethylene oxide
6 and13 weeks) coproporphyrin

8 animals per group

excretiony, hepatic
cytochrome P4 5 0

No information on
secondary effects.

Wistar rat, male
500ppm
3d/week, 3 moifis

Normocytic and
normochronic anemi
(no further details)

hepatic cytochrome -H
450 Z (28Y%

hepatic
hemeoxygenasg

liver and
functions normal

rena

Abstract only, repor
not available
(Japanese)

MatsuokaM. (1988

Zew Zealand rabbits

Chamber exposure

Haematological an
GSH measurement d

not differ betweer

Abstract mly

Yager JW(1982
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Conc: 0, 10, 50, control and expose

250ppm groups

6h/d, 5d/week,

12weeks

Dog (Beagle) (n=3) | In 2/3 dogs: RBCZ, | reliable with| Jacolson KH. (1956)
HbZ restriction

100ppmfor 6 months
d daf
6h/d, 5d/week; no measure a

available

Testing material :

I'n 2/ 3 dOfghylene oxide

haemogl obi
haemat e cmild
normochromic anemig

290ppm for 6 weeks

Dog reduced haemoglobil Original literature nol Woodard (1971)
and haematocrit valug available o

at all dosage levels cited in DA, 1978
extramedullary

6, 18, 54 mg/kg bw haematopoiesis

Subcutaneous
injection

The highes dse was
reduced to 36,mg/k
bw on day 7 of
exposure

sever local tissu
injury at the injection
sites

Anand @003 published an in vitro hemolysis tefilew Zealand white rabbit bloodyhere
concentrations up to 500 eghylene oxidaml for 4h did not result in haemolytic indegxceeding
5% (NOAEL=500ug/ml) At doses > 500ug/ml a dose and timepdndent increase of hemolysis
could be observedEvidence of significant hemolysiwas first observed at a concentration of
1250ug/mlafter 4 h of exposuréhaemolytic index 30.3%)-or details sedable 32. This study
simulatesacute exposure to ethylene oxide.

Table 32: Hemolysis (%) of rabbit blood after incubation with ethylene oxide (average of
three replicates)(Anand, 2003)

EO concentration (ug/ml)
Incubation| 25 50 100 250 500 1,250 |2,500 |5,000 |10,000

(h)

8 Hemolytic index (%) = [(& abs value of test articlé av. absorbof negative control) /(a abs value of pos ctrli
av. abs. of negative cotmol)] x 100

Average absorbance was determined at 545nm against a saline blank
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1 1.03 [1.37 |0.73 |0.79 041 |-0.13 |845 |94.76 |84.23
[0.5] [[0.4] |[0.4] |[0.2] |[0.3] [[0.3] |[20] |[0.9] |[2.2]

2 012 |1.74 |099 |1.05 |092 |1.38 |2863 |7552 |8L.82
[1,4] [[0.3] |[1.0] |[0.4] |[1.9] |[[13] |[4.0] |[19.9] |[3.2]

4 223 |006 |101 |008 |0.75 |30.27 |52.91 |79.45 |47.%
[2.2] [[0.4] |[17] |[0.6] |[0.5] |[[3.0] |[13.6] |[4.5] |[0.7]

[standard deviation]underlined numbers indicate >5% hemolysisformation of dark green reaction product
interfering in assay

In an in vivo study (Popp 1986) blood and bone marrow from mice exposed to 255ppm
ethylene oxidefor 6h/d for 5d/week wasanalysed after 1,2, 8, 14days and 4,6, 8, and 10
weeks. ecrease in the number of erythrocytes (RBC), the quantity of hemoglobin (Hb), the
haematocrit value (Ht), the bone marow cell density, and the number of lymgocytes was
observed Details are presented in Table 33. Corresponding information on % alteration
compared to control are presented iriTable 35. Bone marrow populations and the leukocytes
in the peripheral blood were perturbed from their normal homeostatic level after the first
day of exposure. Differential analyses of leukocyteseeTable 34) show that granulocytes
were elevated while lymphocytes were lost from the circulation. In the bone marrow
granulocytes depleted and lymphocytesincreased. An accommodation occurred after
continued exposure, which resulted in a persistent depression of lymphocgtan both the
bone marrow and the peripheral blood. Highly condensed and pycnotic nuclei were observed
in the lymphocytes that remained in the peripheral blood, indicating some cell death. The
presence of highly vacolated granulocytes, eosinophils, lymphocytesna monocytes in the
peripheral blood suggests that these cells were affected by ethylene oxide dissolved in the
serum. Alterations in the cell cycle data of the bone marrow indicate immediate
accommodation to functional cell loss by physiological recruitnmg from a Go stem-cell pool

Table 33: Hematologyand stem cell analysi®f mice exposed to 255ppm ethylene oxide
mearntSD (Popp, 1986)

Exp. | No of | WBC/m | HCT (%) RBC/mm3 | Hb (g/dl) MCV (fl) MCHb BM CFU-
mice | m3 (x10) (x10°) (pg) (x10°) S/IM

C # 6.14#0.5 | 45.5+0.3 | 10.840.2 | 15.4+0.3 | 42.1+0.6 | 14.3+0.3 | 75.2#1.8 | 13635+
534

1d 8 5.9#0.6 | 46.8+0.5* | 11.1+0.4 | 15.240.1 | 42.4+1.1 | 15.2+0.1 | 67.1£.5 | 10625+
* 293*

2d 8 3.240.6* | 46.9+0.9 | 11.1+0.3 | 17.7+0.4* | 42.3+0.9 | 15.440.5 | 66.646.5 | 10091+
1091*

4d 4 70+0.1 | 43.8£0.5* | 9.4+0.3* 15.0+0.1 | 46.9+1.9* | 16.0+0.6* | 65.046.3 | 9818+4
69*

8d 4 4.840.9 | 41.5+0.7* | 9.7£0.2* 14.7+0.3 | 42.8+1.0 | 15.1+0.4 | 72.046.8 | 13539+
1164

14d | 4 6.740.8 | 45.3+0.8 | 9.8+0.7 15.2+0.2 | 46.7+3.0* | 15.6+1.0 | 69.045.5 | 12288+
1397

awk | 4 4.240.3* | 44.8+05 11.740.4* | 15.44+0.1 | 38.5+1.5* | 13.3+0.5 | 61.8#22.5 | 10879+
* 699*
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6wk | 4 5.740.4 | 43.5+0.5* | 10.1+0.5 14.6+0.2 | 43.1+0.8 14.4+0.5 | 85.3L.7* | 93761
587*

8wk |4 2.140.3* | 44.0+0.9 11.2+0.4 13.7+0.3* | 39.5+£0.9* | 12.3+0.3* | 78.846.1 | 12800+
1270

10wk | 4 4.610.6 | 43.0+0.7* | 9.840.2* 14.0+0.3* | 43.9+1.7 14.3+0.6 64.7#4.9 | 9741+1
* 47*

# number of mice varying for each endpoint between 8 and 13 animals
* p<0.05

MCV=(HCT/RBC)x10

MCHb=(Hb/RBC)x10

Table 34: White blood cell differential and number and percent ofNormal for Lymphocytes
(L), Granulocytes (G), Monocytes (M) and Eosinophils (E) (Popp, 1986).

Time | Differential (%) No of cells/mm3 % normal
L G M E L G M E L G M E Total
WBC
C 75 |17 |5 3 4408| 1013|301 | 149 | 100 | 100 | 100 |100 | 100
1d 50 43 6 2 3325| 1828|336 | 181 | 75 181 | 112 | 122 | 97
2d 31 62 7 0.4 |1048| 2065|238 | 18 24 204 |79 12 56
4d 63 25 9 4 4379| 1738|626 | 278 | 99 208 | 195 | 187 | 118
8d 67 28 |4 1 3199| 1337|191 | 48 73 132 | 63 32 81
14d | 73 16 8 3 4911| 1076|538 | 202 | 111 | 106 | 179 | 136 | 115
4wk | 65 25 7 4 2714|1044 | 293 | 167 | 62 103 | 97 112 | 71
6wk |69 |25 |6 3 3970| 1430|345 | 173 |90 |141 |115 |116 |98
8wk |43 54 3 1 897 | 1127| 63 21 20 111 | 21 14 36
10wk | 58 27 4 4 2674| 1245|184 | 184 |61 123 | 61 123 | 79
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Table 35: % Alteration of blood parameters after exposure t@255ppm ethylene oxide (Popp, 1986).

WBC Ht RBC Hb BM CFU-S/M

% from ¢ diff % fromc | diff % from ¢ diff % from ¢ diff % from ¢ diff % from c diff
Control | 6,10 100,00, 0,00| 45,50 100,00, 0,00| 10,80 100,00 0,00| 15,40 100,00, 0,00| 75,20 100,00 0,00 13635 100,00 0,00
d 5,90 96,72| -3,28| 46,80 102,86| 2,86 11,10 102,78 2,78| 15,2 98,70| -1,30| 67,1 89,23| -10,77| 10625 77,92 -22,08
2d 3,20 52,46| -47,54| 46,90 103,08 3,08| 11,10 102,78 2,78| 17,7| 114,94] 14,94 66,6 88,56| -11,44| 10091 74,01 -2599
4d 7,00 114,75| 14,75| 43,80 96,26| -3,74| 9,40 87,04| -12,96 15 97,40, -2,60 65 86,44| -13,56 9818 72,01 -27,99
8d 4,80 78,69| -21,31| 41,50 91,21| -8,79| 9,70 89,81| -10,19| 14,7 95,45| -4,55 72 95,74| -4,26] 13539 99,30 -0,70
14d 6,70 109,84 9,84| 45,30 99,56| -0,44| 9,80 90,74| -9,26| 15,2 98,70| -1,30 69 91,76] -8,24| 12288 90,12 -9,88
4wk 4,20 68,85| -31,15| 44,80 98,46| -1,54| 11,70 108,33 8,33| 154| 100,00 0,00 61,8 82,18| -17,82| 10879 79,79| -20,21
6wk 5,70 93,44| -6,56| 43,50 95,60| -4,40| 10,10 93,52| -6,48| 14,6 94,81 -519| 853 113,43] 13,43 9376 68,76| -31,24
8wk 2,10 34,43| -65,57| 44,00 96,70| -3,30| 11,20 103,70 3,70{ 13,7 88,96| -11,04| 78,8 104,79 4,79 12800 93,88 -6,12
10wk 4,60 75,41 -24,59| 43,00 94,51| -5,49] 9,80 90,74| -9,26 14 90,91 -9,09] 64,7 86,04| -13,96 9741 71,44 -28,56
Bold nunbers indicatel i f f er ence of O10% from contr ol
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In a 14 week study (NTP, 1987) B6C3F1 mice were exposed to concentrations up to 600ppm. All
mice exposed at 400 and 600ppm died before end of the study (600ppm: all died in week 1,
400ppm: animals died in week4). A necropsy was performed on all animals, including those
found dead Thymic lymphocytic necrosis was obsedvan males (10/10) and females (6/10) at
600ppm Lymphocytic necrosis of the spleen was found in mgé&R0) at 600ppm Renal tubular
necrosis waseen in mal¢8/10) and female (5/10) mice at 600ppm. No examination of hematology
has been done (NTP, 1987).

B6C3F1 mice exposed to 250ppror 10/11 weeksshowed slightly depressed RBC and Hb in
males and significant reduced RBC, PCV andHb in females at250ppm (seeTable 36 and
Table 37). As demonstrated inTable 38 (for males) and Table 39 (for femaleg the effects did
not reach a reduction of 10% from control There were no changes in mean corpuscular
volume and no evidence of bone marrow hyperplasia or of nucleated red blood cells in the
peripheral blood smears.Statistically significant differences in spleen, lier and testis weights
were recorded at 250ppm (seél'able 40) however there were no histopathological findings
(Snellings, 1984).

Table 36: Haematological values ér male miceafter ethylene oxide exposurdéor 10 weeks
(Snellings, 1984)

Concentration| RBC* PCVW? (%) | Hb?(g/dl) | MCV? MCH? MCHC? WBC/mmn??

(ppm) (x10°/mn’) (hm?®) (P9) (%)

250 8.92Z 45.7 (1.9) | 14.48* 52.6 (0.8) | 16.1 (0.3) | 31.6 (0.7) | 3760 (B26)
(0.332) (0.60)

100 8.534 44.2 (8.7) | 14.02 54.1 (4.3) | 16.7 (1.9) | 31.8 (1.3) | 4400 (2149)
(1.908) (2.58)

50 9.174 47.0(2.4) | 14.81 52.7 (1.0) | 16.1 (0.3) | 31.4 (1.0) | 3900 (1986)
(0.316) (0.56)

10 9.335 47.4 (1.9) | 15.04 52.4 (1.2) | 16.0 (0.0) | 31.8 (0.9) | 3050 (2020)
(0.432) (0.58)

0 9.346 47.8 (2.8) | 15.16 52.7 (1.1) | 16.1 (0.3) | 31.9 (0.7) | 4250 (1844)
(0.530) (0.75)

a@mean value and SD in brackets

* 0.05 p.0 01 in comparison to control

Table 37: Haematological values for female micexposed to ethylene oxidéor 11 weeks

(Snellings, 1984)

Concentration| RBC* PCV(5) | Hb?*(g/dl) | MCV? MCH? MCHC? WBC/mnya

(ppm) (x10°%/mn) (um?) (p9) (%)

250 8.694** 44.7** 14.76** 52.7 (0.7) | 17.0** 33.0 (1.2) | 2430 (682)
(0.451) (4.0) (0.64) (0.8)

100 9.228 47.0 (2.9) | 15.35 52.4(1.4) | 16.5(0.7) | 32.6 (0.7) | 2630* (753)
(0.510) (0.51)

50 9.429 47.6 (2.3) | 15.40 51.9 (0.8) | 16.2 (0.4) | 32.4 (0.5) | 2089 (247)
(0.201) (0.65)

10 9.514 47.9 (2.1) | 15.53 51.6 (0.5) | 16.2 (0.4) | 32.4 (1.0) | 2340 (645)
(0.316) (0.35)

0 9.539 48.2 (3.5) | 15.54 52.1(0.8) | 16.2 (0.4) | 32.1 (0.7) | 1980 (432)
(0.365) (0.47)

@mean value and SD in brackets

* 0.05 p.0 01 in comparison to control

** p”0 01 in comparison to control
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Concentration (ppn RBC (x1¢/mn?)| PCV (%) Hb (g/dl) MCV (um® | MCH (pg) | MCHC (%) | WBC/mm?®
Diff (%) Diff (%) Diff (%) Diff (%) Diff (%) Diff (%) Diff (%)
250 8.922| -454 |45]7| -439 (14,48 -449 |52,6] -0,19 16,1 0,00 |31,6| -0,94 |3760| -11,53
100 8.534| -869 |44,2| -753 |14,02| -752 [54,1] 266 |16,7] 3,73 |31,8 -031 4400 353
50 9.174| -184 | 47| -167 [14,81 231 [52,7] 0,00 [16,1 0,00 [31,4] -157 [3900 -8 24
10 9.335| -0,12 |47.4| -084 15,04 079 |52,4] -0,57 | 16 | -062 |31,8 -0,31 3050 -2824
0 9.346| 0,00 |47,8/ 0,00 |15,16f 0,00 |52,7 0 16,1 0 31,9 0 4250 0

Table 39: Snellings (L9849 - blood parameters after exposure to ethylene oxide up to 250ppm, #fference from control - FEMALES

Concentration (ppm RBC (x1¢/mm?)| PCV (%) Hb (g/dl) MCV (um® | MCH (pg) | MCHC (%) | WBC/mm3
Diff (%) Diff (%) Diff (%) Diff (%) Diff (%) Diff (%) Diff (%)
250 8.694| -886 |44,7] -7.26 |14,76) 502 |52,7| 1,15 | 17| 494 | 33| 280 (2430 2273
100 9.228| 326 | 47 | -2,49 |15,35 -122 |52,4] 058 |16,5| 1.85 [32,6] 156 |2630 32,83
50 9.429| -115 (47,6 -124 | 15,4| -0,00 |51,9] -0,38 |16,2] 000 |32.4] 093 [2089 551
10 9.514| 026 |47,9 -062 |1553 -0,06 |51,6] -0,96 [16,2] 000 |32.4] 093 [2340 1818
0(c) 9.539| 0,00 [48,2] 0,00 |15,54, 0,00 |52,1 0 16,2 0 32,1 0 1980 0
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Table 40: Mean values of organ weights (Snellings, 1984)

Liver Spleen Testes
(absolute weight (g) / % of bod| (absolute weight (g) / % of body,  (absolute
weight) weight) weight, (Q))
male female male female male

250ppm | 1.428 /5.180 | 1.372/5.645* | 0.052*/0.188* | 0.060* / 0.246* | 0.106*

control | 1.604/5.161 | 1.306/5.269 | 0.078/0.252 0.083/0.335 | 0.116

* p<0.05 in comparison to control

Mori (1990 examined effects of ethylene oxide on some factehich contribute tohemolysis.
Whenmade wistar rats were exposed360ppmethylene oxide for 2, 6 artB weeksafter2 weeks

only the Hb of exposed rats decreased when compared witfedaiontrol. At 6 veeks the anemia
progressed andias accompanied bgn increase of reticulocytes by 100%¢ 13 weeks the RBC

had slightly recovered, but the Hb and Ht further decreased and reticulocytes were increased by
70%. After 6 and 13 weeks the MCV had increased but the MCH or the MCHC had not changed
(Table 41 and Table 42). The body weight gain was not significantly affected; histopathological
effects on spleen, kidney or liver were not exami@dm these results the authors concluded that
chronic or subchronic exposure to ethylene oxide induagouytic, normochromic anemia with

high reticulocyte countTo clarify further if alterations of the metabolism in erythrocytes are the
cause of hemolysis ATP and GSH content in erythrocytes were investigétednhibition of
glutathione reductas@GR) after 13 weeks of exposure might be related to the anam@R is a

key enzymen the regulation of metabolism in erythrocytes (hexose monophosphate. dyule)
decrease of GR activity by ethylene oxide might be due to alkylation of the GR moléseEP
content in erthrocytes was not affected the Embddryerhof pathway and the Lapoport
Leubering cycle were thought to be intddembrane fragility as a second possible mechanism of
hemolysis was not affectetiowever the mechanismwf ethylene oxide iduced hemolysigould

not be clarifiedNo signs of haemorrhaging were observed during the ¢Midsi, 1990).

Table 41 Haematological findings in rats after exmsure to 500ppm ethylene oxid@ori,
1990)(meanzSD of 12 animals)

blood 2 weeks 6 weeks 13 weeks

parameter | .Control Exp. Control Exp. Control Exp.

RBC 8.83+0.48 | 8.44+0.91 | 9.14+0.27 | 7.16+0.54* | 9.15+0.22 | 7.85+0.38*
(x10P/mn)

Hb (g/dl) 17.15+0.05| 16.23+0.66*| 16.43+0.64 | 15.12+1.57* 16.28+0.48 | 14.67+0.59*

Ht (%) 52.57+247 | 50.51+3.20 | 49.77+£1.69| 46.91+3.75 | 49.82+1.60 | 45.58+1.94*

MCV (1) 59.45+1.63| 60.25+2.63 | 54.08+1.00 | 65.50+2.02*| 54.42+1.00 | 58.09+1.45*

MCH (1| 19.45+1.02| 19.35+1.36 | 19.16+0.25| 19.83+0.90 | 18.39+0.30 | 18.72+0.54
HO)

85




ANNEX 1 - BACKGROUND DOCUMENTTO RAC OPINION ON EHYLENE OXIDE, OXIRANE

MCHC (%)

32.65+1.34

32.18+1.14

33.23+0.7

32.23+1.49

32.68+0.53

32.18+0.56

Reticulocyte
(%)

2.14+0.71

2.84+0.96

2.22+0.91

4.42+0.97*

1.82+1.24

3.09+1.26*

*significantly different from paufed control, p<0.05
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Table 42 Haematological effects in % of control afterexposure to 500ppm ethylene oxide (Mori, 1990)

2 weeks 6 weeks 13 weeks

Control| 500 ppm % from control Diff. | Control| 500 ppm % from control Diff. | Control| 500 ppm % from control Diff.
RBC 8,83 8,44 95,6 -4,4| 9,14 7,16 78,3 -21,7] 9,15 7,85 85,8 -14,2
Hb 17,15 | 16,23 94,6 5,4 16,43 | 15,12 92,0 -8,0| 16,28 | 14,67 90,1 -9,9
Ht 52,57 | 50,51 96,1 -3,9| 49,44 | 46,91 94,9 -5,1] 49,82 | 45,58 91,5 -8,5
MCV 59,45 | 60,25 101,3 13| 54,08| 65,5 121,1 21,1| 54,42 | 58,09 106,7 6,7
MCH 19,45 | 19,35 99,5 -0,5( 19,16 | 19,83 103,5 3,5| 18,39 | 18,72 101,8 1,8
MCHC 32,65 | 32,18 98,6 -1,4] 33,23 | 32,23 97,0 -3,0| 32,68 | 32,18 98,5 -1,5
Reticulocytd 2,14 2,84 132,7 32,7 2,22 4,42 199,1 99,1 1,82 3,09 169,8 69,8

Bold numbers ndi cat e

di fference

of

010% from

co

ntrol
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In another study in male Wistar rats the same exposure patteyrivési (1990)was appliedéh/d,
3d/week for 2, 6 or 13 weeks (Fujishiro, 1990). After 13 weeks of exposure there were no
significant changesn body or liver weight between control and exposed rats. Haematological
effects after 13 weeks of ethylene oxide exposure are givéahle43 and Table44. Hb, Ht and

RBC significantly decreased ancethumber of reticulocytes doubled. There were no changes in the
light microscopy appearance of erythrocytes. The authors concluded that these results indicate a
normocytic and normochromic anemia caused by ethylene oxide. No data are given for exposure
duration of 2 and 6 weeks. Furthermore the study tried to clarify the mechanism of heme depletion
by ethylene oxideAnalysis of enzymes of the porphwiteme metabolism show thaegmatic
mitochondrial ferrochelatase wasgnificantly inhibited 13 weeks aftelexposure while ALA
synthase wasignificantly increasedseeTable 45). In addition a decrease in hepatic microsomal
cytochrome R450 (control: 0.61nmol/mg prot + 0.08, ethylene oxide: 0.48nmol/mg prot + 0.09%
p<0.01) could beeen

Table 43: Haematological effects after 13 weeks of exposure to 500ppm ethylene oxide
(Fujishiro, 1990).

Hb (g/d) Ht (%) RBC (x10ul) | MCV (f) | MCHC Reticulocyte
(%) (%)
Control |156+0.7 |454+28 |869+ 38 522+23|344+08 |10.9+3.4
500ppm | 14.0 £ 0.7 | 40.3 + 2.3* | 763 + 36" | 52.8+1.8|34.6+0.4 | 20.1 + 9.3*

Results are expressed as mean+SD of 8 sample
Significantlydifferent from control: *p<0.05, **p<0.01, ***p<0.001 (Student-$est)

Table 44: Haematological effects in % of control after 13 week exposure to 500ppm ethylene
oxide (Fujishiro, 1990).

13 weeks

Control | 500 ppm % from control Diff.
RBC 869 763 87,8 -12,2
Hb 15,6 14 89,7 -10,3
Ht 45,4 40,3 88,8 -11,2
MCV 52,2 528 101,1 1,1
MCHC 34,4 34,6 100,6 0,6
Reticulocytq 10,9 20,1 184,4 84,4
Bold numbers indicate difference©f1 0 % fr om contr ol

Table 45: Effects of 500ppm ethylene oxide (13 weeks) on enzymes of the porphyhieme
metabolism (Fujishiro, 1990).

ALA synthasé ALA dehydratase Ferrochelatase
Liver Erythrocyte Liver Liver
control 20.5+1.5 2.62 +£0.54 140.8+18.1 |1.20+0.18
500ppm 27.3 + 3.4* 2.41 +0.92 132.4+17.7 |0.90+0.16

Results are expressed as mean+SD of 8 samples
Significantly different from control: *p<0.01, **p<0.001 (Student-test)

a8 ALA -synthase activity is expresd as nmol of ALA formed/h per g wet liver
b ALA -dehydratase activity is expressed as pmol of ALA utilized/min per 1 RBC or mg protein
¢ Ferrochelatase activity is expresses as nmol of heme formed/min per mg protein
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In rats exposed to 500ppm for three ntis (pairffed) haematological examination revealed
normocytic and normochromic anemidepatic cytochrome B50 and protoheme decreased by
28% and 19% respectivelyrhe activity of hepatic hemexggenase showed af@ld increase
(Matsuoka, 1988 abstracbnly).

Alterations of the porphyrimeme metabolisiby ethylene oxidencluding results from Fujishiro,
1990 and Matsuoka, 1988 are showikigure?2.
Integrating the results from Matsuoka (1988jishiro(1990)tried to clarify the mechanis behind
heme depletion by ethylene oxid@®ssible mechanisms are

(1) inhibition of mitochondrial ferrochelatase,

(2) induction of hemeoxygenase and/or

(3) microsomal 150 destruction

In the study mitochondrial ferrochelatase was $icgmtely inhibited after 13 weeks of exposure.

The inability to convert rapidly forming protoporphyrin into heme may result in protoporphyrin
accumulation (se€igure?2). But in this study protoporphyrin tended to accumulatéénliver and
erythrocyte but did not change significanflyable46).

The induction of hemeoxygenase (shown by Matsuoka, 1988) may also play a role in heme
depletion in the liver of exposed rats.

It is also possible that ethyleroxide destroys cytochrome4B0 by prosthetic heme alkylation
because it is a strong alkylating agent. A significant decrease in hepatic microsomal cytochrome P
450 was seen in this study, but no green pigment, considered to be alkylated heme, wed wbserv
exposed rat livers.

Table 46: Effects chronic of ethylene oxide exposure (500ppm) on porphyrins and their
precursors (Fujishiro, 1990)

Urine Liver Erythrocyte
Coproporph,| ALA Uroporph. | Coproporph| Protoporph | Protoporph
(Hg/mg (Hg/mg (ng/g) (ng/g) (ng/g) (Hg/dl
creatinine) | creatinine) RBC)
Control, 1.14+0.53 | 62.6+23.1 | 89.0+22.5 |19.9+14.0 | 88.7+25.9 | 33.2+9.6
Ethylene 6.92+1.86 | 114.1+38.0| 122.1+27.2 | 33.5+16.7 | 100.4+14.0 | 39.8+9.2
oxide
500ppm

Fujishiro (1989 abstract onl) reports that ethylene oxide induces porphyria as after chronic
exposure to 500ppm ethylene oxi(Bel/week, several week#)e daily coproporphyrin excretion
and urinary coproporphyrin per mg creatininereased by 258 and 141%, respteely. Daily
exaetion of deltaaminolevulinic acid in the urine tended to increase but did not increase
significantly by creatinine correction. Daily urinary volume was increased by8@0% from the

first week to the fifth week of exposure.
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Figure 2: Investigated enzymes of the heme metabolism and their response to chronic
ethylene oxide exposuréFujishiro, 1990).

Succinyl CoA + Glycine
e ] ~ag== AL\ synthase
ALA *
| -4— ALA dehydratase
PBG

feed back up 1

cP f
[
3 -¢---~-- ferrochelatase
cytochrome P-450 | — Heme |
l ~afffe=== heneoxygenase
Biliverdin
Fig. 4. Simplified scheme of the chronic effects of ethylene oxide inhalation on hepatic purph}fnn

heme metabolism. «@== induction, < normal, <=~ inhibition, § greatly increased, | increased, *
tended to increase, | decreased, ALA: d-aminolevulinic acid, PBG: porphobilinogen, UP: uropor-

phyrin, CP: coproporphyrin, PF: protoporphyrin.

New Zealand rabbits exposed to 0, 10, 50 and 250 ppm ethylene oxide in an inhalation chamber
(6h/day, 5d/week) for 12 weekfimved no changes inaematological parameters (red or white
blood cell ounts, haematocrit, haemogloloin white cell differential)during exposure and during
recovery periode. 84 in liver and blood measured at the end of week 12 was not affected
comparedvith unexposed contralsSSister chromatide exchange (SCE) rate was increased at 50 and
250ppm(Yager, 19821 abstract only.

Dogs exposed to 290ppm for 6 weeks showed significant haematological changes. In 2/3 there was
a significant decrease in RBC, hagglobin and haematocrit. In the third there was a decrease
(probably significant) inhaemoglobin, with no changes in RBC and haematocrit (no details
available). Thus two dogs developed a mild nhormochromic anersidhé\ result oexposure to
100ppmfor 6 months,2 of 3 dogsshowed a few significant haematological changes. In one dog
there were significant decreases in RB@ haemoglobin. In another there were slight decreases
(probably not significant) in RBC, haemoglobin and haematocrit. There wereangeshin the

third dog. One dog had a normochremanemia, and similar anemia was suggested but not
established in another dog. No detailed data avai(dbabson]1956).

Woodard (971, cited in FDA, 1978 exposed dogs to concentratioh6, 18 and 5thgkg bw by

daily subcutaneous injection for 30 days. The higdesagewas reduced after 7days of exposure

to 36mg/kg bw. Dogs on the highest dose level showed extensive and sometimes inflammatory
changes, whereas dogs at lower dose levels showed madatthftammatory changes. The study
showed increased mortality at the high level dosage and reduced haemoglobin and haematocrit
values at all dosage levels. Haematological changes of dose related severity attributed to sever local
tissue injury at the ingion sites were reported. Hepatic changes such as increased liver weights at
each dose and cholestasis at the high dose in each dog and at the mid dose in 1 of 4 dogs were
observed. Increased ectopic hematopoesis was observed in 2/4 dogs at all detadléwther
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details availableBut no effect wagbserved in the experiment using the same amount administered
for 21 days by subcutaneoadministration (Bolaz, 197&s cited in NEDO, 2004

Human information

The acutehemolytic potential of ethylenexide in humanss described in literature in connection

with ethylene oxide residues in medical devices after sterilization proc&sethere is little
agreement about the NOAEL/LOAEQf ethylene oxide in medical devices the extraction of
ethylene aide varies with type of material. E.g. the thresholddiitrylene oxide induceldemolysis

was >4000ug/g for PVC, but <400ug/g for Cuprophane (cellulosic membrdoiked in Anand,

2003, original literature not available). According to literature ethylenei de concentr a
80ug/ml in circulating blood resulted in hemolysighis implies that a device could deliver up to
400mg total residual ethylene oxide to the patient, before hemolysis could be expected (assuming
distribution in an average totalddd volume of 5000mljcited in Anand, 2003, original literature

not available).Jones (1979) investigated the haemolytic potential of ethylene oxide in solution in
three test systems, diluted whole blood in isotonic saline, erythrocytes washed anchdeslispe
isotonic saline, and erythrocytes washed and resuspended in isotonic phosphate buffer.
Concentrations of 2000 pg/ml were necessary before cell lysis was observed in either of the isotonic
saline systems. This value increased t@®Q@0 rg/ml in theisotonic buffer system. The hemolysis
results in isotonic phosphate buffer are relevant to in vivo blood exposure because blood has similar
buffering capacity and osmolarity.

First investigations to clarify the hematotoxicity @fronic exposure tethylene oxidein humans

were done in the sixtieslemolysis of blood due to exposure to ethylene oxide sterilized plastic
tubing was published by Hirose, 1968hen 31 persons who had been exposed to ethylene oxide
for several years werexamined and compareditiv a control group, the following pathological
findings wereobtained: lymphocytosis, reduced Hb level, 1 case of leukaemia and 3 cases of
anisocytosis (Ehrenberg, 1967). On the other hand, the clinical and clinical chemical examination of
37 workers in lte chemical industry who had been exposed for more than 10 yedar&Omp
ethylene oxide and of a control group revealed no evidence of substtateelimpairment of

health Joyner 1964)(cited inDFG, 1993 studies not availabje

Table 47: Human information in relation to hematotoxicity (chronic exposure)

Method Results Remarks Reference
_ Ethylene oxide Hirose T
Canine or human blood sterilization exaggerate|Abstract only (1963)

haemolytic effect in all .
Exposure for up to 24h to types of tubing No further details citad in DEG,

various types of plastic tubin available 1993
sterilized with steam or
ethylene oxide

31 persons lymphocytosis, reduced _|Ehrenberg L
Hb level, 1 case of No further detailg (1967)

Ethylene oxide exposure for|leukaemia an@ cases o|available
several years anisocytosis cited in DFG,

1993
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Method

Results

Remarks

Reference

clinical examination of 37
workers in the chemical

no evidence of
substanceelated

No further details

Joyner R.E.
(1964)

industry impairment of health  |available
cited in DFG,
exposure for more than 10 1993
years to 510 ml/nm? ethylene
oxide
_ US workers: _ SchultePA.
Crosssectional study Ht Z, HbZ Supporting study (1995)
L h t
Womenworkers (US and yymp ocyte percentags
MEXican) n=68 Neutr Oph| |
Exposure: no-Nn\gshistically
32ppm/ h, hi gNhsjgnificant resits for
Mexican workers
_ Haematological change Currier M.F.
Cross sectional study (Hb, H, RBC, WBC, |one for one (1984)
_ %Lymphocytes) did nogmatching of
n=84 reach statistical potentially
yearly aveage TWA: significance exposed with
unexposed
- of loading operating individuals

technicians:

1980 = 1.7ppm
ot her jobs:

Peak exposure most below
20ppm

possibly also
exposed to
ethylene glycol,
ethylene
dichloride,
biphenyl,
biphenyl oxide,

Crosssectional study
workers exposed=36
control n=35

exposure periode:-14 years

concentrationbelow deteabn
limit (personnel air sampler

No statstically
significant difference
between workers and
control in any
immunolog. and
haematology. Paramete

Chromosome analysis
gave no statistically

significant difference fo
any type of abberations
in lymphocytes.

Apart from
ethylene oxide
various othe
chemicals are
used but they ar
not believed to b
associated with
the effects.

Van Sitter N.J.
(1985)

ANNEX 1 - BACKGROUND DOCUMENTTO RAC OPINION ON EHYLENE OXIDE, OXIRANE

92




Method Results Remarks Reference
detection limit 0.05ppm
occasionally up to 8ppm
Additional indirect
measurement of ethylene
oxide exposure (N2'-
hydroxyethyl}L-histidine)-
no statistically significant
differences between workers
and control
. . Crosssectional LaMontagne
Medical surveillance comparison of the A.D. (1993)
_ . complete blood cell dat
n=36 (Caucasians) from exposed and nen
on-site control n=15 exposed hos_pltz?ll_ worke
showed no significant
off-site control n=12 difference
8h TWA = 0.07ppm (persong
monitoring, since 1987)
Absolute mean number| Shaham J.

Crosssectional study
n=47
control n=88

concentration: 0.60.06ppm

of mMonocyt ¢
Absolute mean number
of eosinoph
Absolute mean number
of | ymphocy
Haematocrit
Absolute mean number
of red bl ogd
Absolute mean number|
of platel et

Supporting study

For each expose
worker to
unexposed were
matched by sex,
age and swking
habits

Detailed
guestionnaire for
included sujects

(2000)

Case reportn=1)
35 year old man

Exposure: 6years

Symptoms: exhaustion,
fatigue, petechial
bleeding

decreased platelet cour

reversible

Supporting study

Aydin G.
(2010)
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Haemataobgical effects wre observed among a group of @8men exposed to ethylene oxide
released from sterilizers while employed at nine hospitals in the USA and one in Mexico (Schulte,
1995). Exposure was classified as none, low, or high, based on Areamthcumulative exposure
categorief 0, >0 32ppm or >32 ppmh, respectively. Monitoring data revealed meam BWA
exposures in the US hospitals 008pmand 017ppmfor the low and high exposure categories,
respectively; the corresponding measurementiénMexican hospital were 0.04 mg/end 0.99

mg/m® (range = 0.52.5 mg/ni), respectively. Among the US workers, haematocrit and
haemoglobin levels were reducad the highexposure group (se€able 48). Compared with
unexposed adrols, US workers in the higaxposure subgroup exhibited atistically significant

(p = 0.04) increase in the percentagéymphocytes and a reduction §0.03) in the percentage of
neutrophils in the bloodsee alsoTable 49). Among the Mexican workers, there were no
statistically significant relationships between exposure to ethylene oxide and changes in haematocrit
or haemoglobin levels (there was only one worker in the unexposed group), although an exposure
related increse (not statistically significant) in the percentage of neutrophils in the blood was
observed.This study investigating effects of low levels of exposure, gives some supporting
evidencealthoughthe results are not conclusive (failure to see the samerpatt Mexicans, one

time biological sampling, high level of imprecision as count were performed on 100 cells only).

Table 48: Hematologic effects of ethylene oxide on female workers (Schulte, 19@5gan
adjusted and standard erra).

EXxp. Red Blood cells Hemoglobin Hematocrit White blood cells| Lymphocytes Neutrophils (%
ppmthr | (10°/mm3) (gm/dI) (vol/dl) (10°/mm3) (% total | total leukocytes)
leukocytes)
us Mexico | US Mexico | US Mexico | US Mexico | US Mexico | US Mexico
(1)02 | 4.48 | - 13.32 | - 40.44 | - 6.88 - 31.37 | - 63.82
(0.15 (0.40) (1.27) (1.24) (3.64) (3.41)

(2) >0- | 456 |5.09 |13.0 |13.80 |41.98|4360 |7.84 |4.89 |37.23|42.15 |57.81 |52.68
32 (0.09)| (0.14) | (0.21)| (0.45) | (0.68)| (1.41) | (0.65) | (0.58) | (1.86)| (1.64) | (1.75) | (1.84)

(3)>32 | 427 | 4.99 |12.76 | 14.46 |38.82|44.24 |542 |6.37 |41.46] 3951 |54.07 |57.29
(0.15) | (0.12) | (0.36)| (0.39) | (1.15)| (1.22) | (1.09) | (0.51) | (3.08)| (1.42) | (2.09) | (1.59)

Signif. | - - 0.03 | - 0.02 |- - - 0.04 | - 0.03
p value
(2) vs (2) vs (1) vs () wvs
(3) (3) ©) 3)

2only one person represents Mexican values in this category

Table 49: Hematologic effects in % of control for US female workers (Schulte, 1995).

RBC HB Ht WBC Lymphocytes| Neutrophils
%
% diff % diff % diff o aiff | 70 tOtal] o g | tOMAI | g g
10s/mm3| from ¢ gm/dl from c | VOI/dl | from ¢| 103/mm3 fromc | leuco | fromc | leuco | fromc
control 4,48 0 ]13,34| 0,0|140,44| 0,0/ 6,88 0,0| 31,37 0,0|] 63,821 0,0
US: 032ppm| 4,56 | 1,8 | 13,7| 2,7{41,98] 3,8/ 7,84 14,0/ 37,23 | 18,7 57,81 -94
US: >32ppm| 4,27 | -4,7|12,76| -4,3|38,82| -4,0| 5,42 | -21,2| 41,46 | 32,2| 54,07| -15,3

Bold numbers indicate difference®f1 0 % fr om contr ol
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Shaham (2000) reportedcross sectional stuadympaing 88 noroccupationally exposed controls
(matched for age, sex, anchaking habits), among 4i@ospital wokers exposed (at three hospitals
in Israelwith a mean period of employmeot 6.6 years) t®.01-0.06ppm ethylene oxid@rea air
samples) There werestatistically significantff < 0.01) increases in theeanabsolute numbers of
red blood cells(+5.6% from c) increases in the percage ofhaematocrit(+3.6% from c) and
reducton in mean absolute number platelets(-8,6% from c)in the exposed group compared with
control group(seeTable50). No significant differences in the absolute mean number of the total
WBCs were found. In the WBC differentiallse absolute mean numbers of monocytek’.5%

from c) and eosinophil§+29.4% from c)were significantly (p < 0.01) elevated; the absolute mean
number of lymphocytes was significantly lower in exposed work&B96 from c)

Table 50: Absolute numbers of CBC and WBC differentials in expose@n=46)and non
exposed(n=88) hospital workers (Shaham, 2000)(mean+S[¥)

Parameter Control Exposure
CBC differential

WBC (k/pL) 7.52+0.22 6.91+0.29
RBC (k/pL) 4.63+0.05 4.89+0.07*
HGB (g/d) 13.97+0.12 14.14+0.15
HCT (%) 40.83+0.35 42.29+0.46*
PLT (k/pL) 247.3346.60 225.98+8.58*
WBC differential (k/uL)

NEUT 4.30+0.17 3.93+0.23
LYMP 2.46+0.07 2.14+0.09*
MONO 0.40+0.02 0.47+0.02*
EOS 0.17+0.01 0.22+0.02*
BASO 0.06+0.01 0.06+0.01

*p<0.01
S_east squares means from fitted model

A 35 year old man, working in an ethylene oxide sterilization room for 6 years, developed
symptoms like exhaustion, fatigue and petechial bleeding (Aydin, 2010). Laboratory tests showed
decreased platelet count 4R5000/mm. It then decreased gradually to 100000, 98000 and
85000/mni. Before working in ethylene oxide sterilization his platelet count was 158060/mm
Exposure concentrations are not given in the report but there was no specific aeration inside the
stailizer, no safety closingneasure for the sterilizer door and protective devices were used rarely.
After removal from this working position platelet counts began to rise gradually.
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LaMontagne (1993) described an apparent relative lymphocytosis whicktpermsver 34 years in
sterilization ~ workers ~ with documented @ TWA  exposure  averaging  0.07ppm.

A comparison with control groups showed that this effect could not be associated with ethylene
oxide exposure-e also describethree workersvho had a history bacutely toxic overexposure to
ethylene oxidgirritation, central nervous effects). Only one showed a relative lymphocyte count
above 35% and one showed a high absolute white blood cell count (further examination showed
alternately high and within normednge values over time without ethylene oxide expos®®BL,

Hg, Ht were normal in exposed group over various surveillance sessions.

Van Sitter (1985) publisheda study of 36 exposed and 35 non exposed workers pharat
manufacturing ethylenexale. Exposure concentration was generally below the detection limit
(using personnel air samplers) but transient concentrations up to 8ppm were occasionally recorded.
Indirect measurement of ethylene oxide exposure (amoulk-(@f-hydroxyethyl}L-histidine in
haamoglobin) resulted in no statistically significant differences between workers and control (mean
value was only slightly higher in workers). There was no statistically significant difference between
the frequency of any types of aberrations noted in timplhocytes of plant workers compared with
control. In addition there was no statistically significant difference between plant workers and
control in any of the immunological and haematological parameters examvhéd plood cell
count, F and Bcells, maocytes, neutrophiles, serum concentrations of IgA, IgG, I@dgause of
technical difficulties not all plant workers and control subjects were examined by immunological
and haematological analysis.

Also nohaematological changéblb, Ht, RBC, WBC, %Lymhocyteswere observed in a group of
84 male workers involved in the manufacture of ethylene oxide who were exposed to estimated
concentrations of Xppm(Currier, 1984).

In general an overall examination of the available human data is difficult as cofeuiice
smoking habits, infections, etc. are not always assessed properly and the exposure toosidglene
is not always documented.

4.8.2 Comparison with criteria of repeated dose toxicity findings relevant for classification
as STOT RE

Accordingto the CLP regulationsubstances are classified for target organ toxicity STOT RE 1 if
they have produced significant toxicity in humans or that, on the basis of evidence from studies in
experimental animals, can be presumed to have the potential to produce signdiceity in
humans following repeated exposure.
Substances are classified on the basis of:
A reliable and good quality evidence from human cases or epidemiological studies; or
A observations from appropriate studies in experimental animals in which sigh#icd/or
severe toxic effects, of relevance to human health, were produced at gdoeraiposure
concentrations.
For classification based on the results obtained from studies conducted in experimental animals
guidance values are givemhus classiftation in Category 1 is applicable, when significant toxic
effects observed in a 9fay repeated dose inhalation study conducted in experimental animals (rat)
are seen to occur at or below 50pphhis guidance values not intended as strict demarcation
vaue.

Substances are classified in category 2 for target organ toxicity (repeat ex§83wa&) RE2)on

the basisof observations from appropriate studies in experimental animals in which significant
toxic effects, of relevance to human health, were preduat generally moderate exposure
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concentrationsOn the basis of evidence from studies in experimental anitneds bepresumed

that the substance h#ése potential to be harmful to human health following repeated exposure.
According to tle guidance gien in 1272/2008/EClassification in Category 2 is warranted if toxic
effects occur in a range from 50 to 250ppm (90d inhal. exposure, rathd3uare not intended as
strict demarcation values.

Effects considered to support classification for speddiget organ toxicity following repeated
exposure(accordlng to CLP regulatidaC 1272/200& hapter 3.9.2.7) amongst others are:
significant functional changes in the central or peripheral nervous systems or other organ
systems, including signs of centreervous system depression and effects on special senses
(e.g. sight, hearing and sense of smell);
- any consistent and significant adverse change in clinical biochemistry, haematology, or
urinalysis parameters;

Small changes in clinical biochemistry, hastimlogy or urinalysis pamaeters and/or transient
effects vhen such changes or effects are of doubtful arimal toxicological importance) are
considered nibto support classification fospecific target organ toxicity following repeated
exposure

CLP guidance (ECHA, 2015pives some additional guidance on the evaluation of haemolytic

anemial n the former | egislation (67/ 548/ EEC) t he
consi stent changes in haemat ol og Yseewdso Mdiler,i nd i
2006) . I n the CLP regulation this <criterion
adver se c¢hange s this indichtes ehatalés® &duegsg éffects are considered for

classification according to CLP. Therefore @uect i on i n Hb at 020% f ul

consistent and significant adverse eff@&€CHA, 2015; Chapter 3.9.2.5.2).

For ethylene oxide target organ toxicéfter repeated exposuf8TOT RE) for the nervous system
and the hematopoietic system veamluated:

Neurotoxicity:

For ethylene oxideseveralclinical studieswith sterilization operatorg&nd 18 human cases are
described in literatureAlthough information on exact exposure concentrations is limited adverse
effects are well described aensoimotor polyneuropathy after repeated expos@@mne reports
indicate reversibility of effects several months after end of exposumienal studiesin different
species (rankeys, rat, mice, rabbg) show effects of neurotoxicity (evidence of demyelination,
reduced locomotor function, abnormal posture) at 50ppm (Lynch, 1984a; Snellings, 1984) or above.
Ethylene oxide often was tested only at higher concentratdorompilation ofrelevantstudy

results incomparison to corrected eaff valuesfor classifiation according to CL#Pegulationis

shown inTable51.

Table 51: Compilation of mostrelevant chronic animal studies(neurotoxicity) and their
corresponding cutoff values for classification as STOT RE

Dose/effect Study duration guidance value (accord. CLP Reference
regulation) (ppm)

STOT RE 1 STOT RE 2

(90d: Cl(90d: 50 q
O50ppm)
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204ppm Up to 226 days 20ppm 100ppm Hollingsworth
- Monkeys: lesg (1956)
active knee
jerk reflexes,
pos. Babinski
reflex, partial
paralysis,
evidence of
muscular
atrophy of the
rear extremitieg

- Rabbits: slight
to marked
paralysis in thg
rear legs

100ppm rat | 2 years 6.5ppm 32ppm Lynch (1984)
Multifocal areas of
atrophy, degeneratio
of skeletal muscle
fibres
100ppm: 2 years 6.5ppm 32ppm Lynch (1984a)
- rats: skeletal muscl
myopathy, atrophy
degeneration of mucl
fibres;

- monkey:
demyelination

50ppm: brain lesions i

rats

50ppm mice reduced 11 weeks 59ppm 293ppm Snellings (1984)
locomotor function

250ppm ra: distal| 9 months 17ppm 83ppm Ohnishi (1986)

axonal degeneration (
myelinated fibres

No lower conc tested
250ppm, rat: axong 17 weeks 38ppm 190ppm Mori (1990)
degeneration of th
myelinated fibres

No lower conc tested
300ppm rat 4 weeks 150ppm 750ppm Mandella (1997b)
Hind limb grip stregth
decreased

500ppm rat decrease(
absolute brain weighf
minimal to  slight
vacuolisation of the
white matter
200ppm, rat:  25% 14 weeks 46ppm 230ppm Mandella (1997c)
decrease in hindliml
grip strength in female
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Hematotoxicity:

In avitro studyethylene oxide inducdsemolysiswith a NQAEL of 500ug/m} 30% haemolysis at
1250pg/ml and 4h incubatiofAnand 2003) In mice and ratsa decrease in RBC, Hb (Snellings
1984) and Ht was observed (Popp, 1986; Mori, 199{islkito, 1990)at concentrations of 250 and
500ppm respectivelyndicative of anaemiaAn increase of retulocytes was observed by Mori
(1990 and Fuishiro (1990 at 500ppmindicating a bone marrow erythropoietic response
(compensatory effect)n rabbits no effects could be seen at 250ppm (Yager, 1982).

For a better comparison of effects seen with the CLP criteria for STOTdRBracompilation of
effects in animalgshown as % deriv. from contrdh given in the following table (fdituctuations

in doseresponse sesudydescriptionsn Chapter 4.8.1.2.

Table 52. Effects seen in animals after exposure to ethylene oxide.

Author Animal | Conc. Exp RBC Hb Ht Additional
time (% dev. from| (% dev. from| (% dev. from| comment
control) control) contro)

Snellings,| Mice 100 10wk -8.7% -7.5% not Differences

1984 male examined| in spleen,

Snellings,| Mice 250 10wk -8.9% -5% not liver- and

1984 female examined| testis weights
without histo.
findings

Popp, Mice 255 10wk -9.3% -9.1% -5.5% -

1986

NTP, Mice 600 ppm 14wk not not not thymic

1987 examined| examined| examined| lymphocytic
necrosis,
lymphocytic
necrosis  of
the spleen

Mori, Rat 500ppm 13wk -14.2% | -9.9% -8.5% Reticulocytes

1990 +69.8%
Inhib. of
Glutathione
reductase

Fujishiro, | Rat 500ppm 13wk -12.2% | -10.3% | -11.2% | Reticulocytes

1990 +84.4%
Hep. mitoch.
ferrochelatase
Z, ALA
v, h ¢
micros. Cyt
P450 Z

Yager, Rabbit | 250ppm 12wk No No No -

1982 effects effects effects

Jacobson, Dog 290ppm 6wk Z Z Z -

1956

Woodard | Dog 54/36mg/kg| 30d - Z Z Increased

1971 bw liver weight,
ectopic
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hematopoesis
Bolaz, Dog 54/36mg/kg| 21d No No No -
1976 bw effects effects effects

The mechanism of ethylene oxide induced hemolysis could not be clarified but inhibition of
glutathione reductas€Mori, 1990), inhibition of ferrochelatase, increase of ALA synthase
(Fujishiro, 1990) andncrease otheme oxygenas@Vatsuoka, 1988fould be shown indicating
interference of ethylene oxide with the heme metabolism.

Human data are more variabddich may be explained by the low exposure lev8lsme studies

show no effect of ethylene oxide on hematology (Currier, 1984; VanSitter, 1985; LaMontagne,
1993) while others show reduced haematocrit and haemoglobin levels (Schulte, 1995) or increased
haematoctiand red blood cell count (Shaham, 2000). Increased proportion of lymphocytés cou
also be seen (Schulte, 1995). For a rough overview see Table below.

Table 53. Overview on findings in humans after chronic ethylene oxide exposure

Author Exposure RBC Hb Ht Additional
% dev. from| (% dev. from| (% dev. from| comment
control) control) control)

Hirose, 1963 | - - - - Haemolytic

effect seen

Ehrenberg, |- - z -

1967

Joyner, 1964 | 5-10ppm No effects seen

Schulte, 1995| 32ppm -4.7% | -4.3% | -4.0% WBC -21.2%
Currier, 1984 | - No significant changes
Van Sitter,| up to 8ppm No significant changes

1985

LaMontagne, | 0.07ppm No significant changes

1993

Shaham, 200( 0.01-0.06ppm | +5.6& Not examined| +3.6% Number  of
platelets:
-8.6%

Aydin, 2010 | - - - - Case, report
decreased
platelet count

Haemolytic anaemia is a toxicological significant adverse effect in.itgglicators of anemia are
reduced Hb, RBC and Ht. Amds are comparable to humans for theseametersAccording to

CLP guidance (ECHA, 2013 e duction in Hb at O020% ful fils
significant adverse effecEthylene oxide exposure results in a reductdhib of less than 20% in
animal studies and human studies show a diffuse picte@n8ary effect®f anemiahaveonly
beeninvestigatedin a few studiesshowing exhaustion, fatigue (Aydin, 2010), extramedullary
hematopoiesis (Woodard, 1971) or affected organ weights (Snelling, 1984).
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4.8.3 Conclusions on classificatiorand labelling of repeated dose toxicity findings reevant
for classification as STOT RE

Neurotoxicity:

Based on the available human dateowing clear neurotoxic effecend evidence from animal
studies ethylene oxide should be classified according to-R&grilation as STOT RE1 (H372:
Causes damage to meus system througbrolonged or repeated exposure).

Hematotoxicity:

Based on availablehronic animal and humandatano classification of ethylene oxide for this
endpoint is proposed.

RAC evaluation of specific target organ toxicity I repeated exposure
(STOT RE)

Summary of the Dossier Submitterdéds proposal

The DS provided both human and animal data on the repeated dose effects of ethylene oxide.

In humans, there were 18 cases describing peripheral neuropathy, impaired coordination and
memory loss after in  halation exposure to ethylene oxide. There were also four clinical studies
suggesting effects on CNS and peripheral nervous system (PNS) functions in exposed workers.
Animal studies in different species (monkeys, rats, mice, rabbits) showed neurotoxicity,
including evidence of demyelination, reduced locomotor function and abnormal posture after
inhalation exposure of 50 ppm or higher.

Ethylene oxide has shown haemolytic effects in vitro . In vivo , after inhalation of ethylene
oxide, in mice and rats a decrea se of 5-14% in RBC, Hb and/or Ht has been observed in
different studies at concentrations of 250 and 500 ppm. Also, an increase in reticulocytes up to

70-85% has been observed in two studies at 500 ppm, indicating a bone marrow erythropoietic
response (com pensatory effect).

Human studies have shown variable results which may be explained by the low exposure

levels: while some studies have not shown any effects of ethylene oxide on haematology, in

others slightly (4 -5%) reduced haematocrit and haemoglobin le vels or increased haematocrit
and red blood cell count have been reported. An increased proportion of lymphocytes was
reported in one study.

On the basis of the available human data showing clear neurotoxic effects and evidence from

animal studies, the DS proposed to classify ethylene oxide according to CLP Regulation as

STOT RE 1 (H372: Causes damage to nervous system through prolonged or repeated
exposure). Regarding haematotoxic effects, according to the CLP guidance a reduction in Hb o
20% fulfils the criterion of a consistent and significant adverse effect. Since ethylene oxide

exposure resulted in a reduction of Hb of less than 20% in animal studies and human studies

showed a diffuse picture, the DS did not propose classification ba sed on haematotoxic effects.
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Comments received during public consultation

Two MSCAs and one national authority supported classification for STOT RE 1; H372.

Assessment and comparison with the classification criteria

Both human and animal data are availabl e on the repeated dose effects of ethylene oxide. The
main effects of concern are neurotoxicity and haematotoxicity, which have been evaluated in
several studies.

Neurotoxicity in humans

The majority of the data on the repeated dose neurotoxicity in humans comes from case
reports. These reports describe neurological effects, mainly characterised by peripheral
neuropathy, impaired hand -eye coordination and memory loss in steriliser workers after 2
weeks to 10 years of exposure to ethylene oxide. In many case s, these effects were

accompanied with symptoms of more acute in nature; e.g. headache, nausea, fatigue,
drowsiness and irritation suggesting that exposures may have been rather high. Peripheral
neuropathy has been shown in many cases by measuring nerve co nduction velocities or by
nerve biopsies. In many cases, the effects have been at least partly reversible after the
cessation of exposure. For example, in four operators exposed to ethylene oxide (ETO), nerve
conduction velocities indicated sensorimotor n europathy, which was reversible during the
follow -up in 2 out of 4 workers (Gross, 1979). In two cases reported by Kazuhara (1983),
axonal degeneration and regeneration was observed in nerve biopsies of workers exposed to

ETO and showing sensorimotor neuro pathy. Also, Brashner (1996) reported impaired nerve
conduction velocities in 4 out of 10 workers showing symptoms related to ETO exposure. Sural
axonal injury was observed in nerve biopsy of the most severely affected person. Similar
polyneuropathy findin gs were observed in the reports by Finelli (1983), Zampollo (1984),
Schoeder (1985), Fukushima (1986) and DeFreitas (1991). CNS effects, including impaired
memory have been suggested in case reports by Crystal (1988), Garry (1979) and Braeshner
(1996). Fur ther information on these case reports are given in the table below. Case reports
related to single accidental exposures have been excluded from the table.

Table: Case reports on the neurological effects of ethylene oxide in humans.

Subjects and exposure Results Remarks Reference
Peripheral neuropathy Gross, 1979

Case reports (n=4) Supporting study
Case 1: headache, nausea,

Operators exposed to vomiting, leth  argy, motor No information on

ethylene oxide due to a seizures at 20 -30 min intervals; exposure

leaking steriliser up to 2 patient was fully recovered 2 concentrations

months months later available.

Case 1- 3 weeks Case 2: headache, limb 700 ppm, as

weakness, fatigability, wide based

unsteady gait; shift to work estimated by the

Case 2: 3 weeks without exposure resulted in authors as the
significant improvement workers could smell
Case 3: 2 weeks .
the chemical

Case 3: headache, altered
memory and thinking, fatigability,
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Case 4: 2 months cramps; further work under Possibility o f short
condition of lower exposure (50 time exposure to high
ppm) resulted in no improvement

; X levels of ethylene
of nerve conduction studies

oxide no assessed

Case 4: asymptomatic but nerve
conduction studies showed
sensorimotor polyneuropathy;
further work un  der condition of
lower exposure (50 ppm) resulted
in no improvement of nerve
conduction studies

Headaches, nausea, speech Garry, 1979
Clinical study: Occupational disorders and impairment of Supporting study
exposure during ethylene short -term memory, vertigo and (cited in SCOEL,
oxide gas sterilisation incoordinatio n 2012)

Headaches, skin and eye Bryant, 1989
Survey (n=165) irritation, dry mouth, sore throat,

skin rash, loss of sense of smell, (cited in US EPA,
11-23.5ppm shortness of breath, nausea, 2010)

numbness in fi ngers, drowsiness
Duration per cycle: 2.77 -

11.75 min
Polyneuropathy (bilateral foot Finelli, 1983
Case report (n=3) drop, denervation potential on Supporting study (cited in DFG,
electromyography) 1993)
Sensorimotor neuropathy (axonal Kuzuhara, 1983
Case report (n=2), sural nerve degeneration) Supporting study
Occupational exposure Symptoms improved after
during ethylene oxide termination of  exposure
sterilisation
Several months of
exposure, about 1.5 h/d.
Concentration: estimated
peak exposure ~ 700 ppm
(smelling) when opening
the steriliser
Peripheral neuropathy Zampollo, 1984
Case report (n=2) among Supporting study
12 female workers Cease of exposure resulted in
swift remission of symptoms and Exposure fluctuating
Two years of exposure complete normalisation of the between 10 and 400
(ethylene oxide steriliser) electromyography  record ppm
Polyneuropathy (distal weakness Schroeder, 1985
Case report (n=1) of lower extremities and Supporting s tudy
transitory reduced nerve
5 mon ths of exposure conduction velocity, nerve fibre
degeneration)

Concentration: up to 500
ppm, 2 -3 times daily Improvementinre -examination 1
year after exposure
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Case report (n=4)

Exposure 8 -10 times/d
while transporting sterilised
products and once daily
while exchanging containers

Polyneuropathy (impairment of
lower limbs and titubation)

All patients show motoneuron
disease, dorsal cord dis  order,
cranial and autonomic disorders

Reversible

Supporting study

Fukushima, 1986

(as cited in
NEDO, 2004)

Case report (n=1)

10 years of exposure
(adjacent to an ethylene
oxide chemical steriliser)

After 7 years symptoms like
impaired memory, increased
irritability, clumsiness, falling

Symptoms markedly improved
few months after exposure
ceased

Symptoms 1 year after exposure
ceased: emotional lability,
impaired concentration, cognitive
slowing, impaired recent and
remote memory

Supporting study

4.2 ppm (when the
steriliser was closed)

Crystal, 1988

Case report (n=1)

Seven years of exposure

Mild sensorimotor polyneuropathy
(axonal degenerative type)

sural nerve biopsy: mild loss of
myelinated fibres, fibres with
axonal degeneration

Supporting study

No d etailed
information available

De Freitas, 1991

Case report reporting a
cluster of 12 (n=12)
operating -room
nurses/technicians with
neurologic symptoms and
findings

Inhalative and dermal
exposure (vapour in
package and residue
retained in surgical gowns)

Rash on arm and wrist,
dysesthesia, headache

Neuropathy in 9/12

Further symptoms: memory loss,
mild cognitive impairment,
elevated vibration threshold,
abnormal pressure threshold

Sural nerve biopsy: axonal injury

Persistent hand symptoms for at
least 1 year after removal

Supporting study

Exposure to ethylene
oxide and ethylene
chlorohydrin
Measurement in gown
cuff: Ethylene oxide =
298 ppm Ethylene
chlorohydrin = 373
ppm. Peak level
exposure unknown

Brashear, 1996

There were only three small control

ethylene oxide.

Estrin et al.

led studies available on the neuropsychological effects of

(1987) compared the performance of 8 workers chronically exposed via inhalation

to ethylene oxide (+ chlorodifluoromethane) in a computerised psychometric test battery ,
-300 event -related potential and EEG spectral analysis to the
performance of 8 age and sex matched control persons. The exposed group performed more

poorly (not statistically significant) in the psychometric test battery (cogni

nerve conduction studies, P

attention and coordination (Hand

tion, memory,

-Eye Coordination Test)). A relationship between years of

exposure and decreasing performance on the continuous performance test and reduction in
sural velocity was observed. P -300 and EEG spectral analysis sho  wed no significant results.

Klees et al. (1990) compared the neuropsychological performance of 22 hospital workers
chronically exposed to ethylene oxide (8 h TWA of 4.7 ppm) via inhalation to that of
24 unexposed workers. Neuropsychological function was cl assified as either normal, impaired
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or disagreement (between the two neuropsychologists). Disagreement occurred in

7/23 controls and 10/22 exposed workers. Exposed subjects were significantly more frequently
classified as impaired (5/22) compared to contro Is (1/23) suggesting some CNS dysfunction
and cognitive impairment related to chronic ethylene oxide exposure.

Patch et al. (2001) studied the neuropsychological performance of 22 workers exposed to
ethylene oxide in medical settings for 24 -108 months and  compared it to the performance of
64 victims of traumatic brain injury (TBI) (time from date of injury 1 to 73 months).
Intelligence test were lower in ETO exposed workers, compared to TBI patients and both
groups showed lower scores for reaction and movem ent times (finger tapping, reaction time
test) when compared to the means of the general population. Both groups also showed
preoccupation with bodily concerns, anxiety, depression and tendency to channel stressful
feelings into physical symptoms and feeli ngs of alienation, isolation and social
disconnectedness for both groups, but ethylene oxide exposed individuals exhibited more
feelings of anxiety, fear, edginess and loss of control than TBI patients. Due to the lack of a
properly matched control group, it was difficult to draw conclusions from this study.

Overall, there were several human case reports showing neurological effects, especially
peripheral neuropathy in workers after repeated or long term occupational exposure to high
levels of ETO. Controll ed studies in ETO exposed workers were limited in size and/or
methodology but in principle supported the signs and symptoms reported in case reports.

Neurotoxicity in animals

There were several studies in different animal species on the repeated dose neuro toxicity of
ethylene oxide. Most of these describe signs and symptoms of neurotoxicity, including paralysis

of hind limbs, degeneration of muscle fibres, demyelinisation/degeneration of nerve fibres, and

e.g. impairment in locomotor function. However, some of these studies have used only high
exposure levels (250 ppm or higher). Critical studies in animals included the studies by

Mandella et al . (1997b and c), Lynch et al . (1984) and Snellings etal. (1984).

In a 4 -week range -finding study (Mandella et al ., 1997b), groups of five male and five female
Sprague -Dawley rats were exposed by whole -body inhalation to ethylene oxide vapour at
concentrations of 0, 100, 300, 400 or 500 ppm. Clinical signs observed at 500 ppm included
irregular gait, decreased faecal v olume, lethargy, prostration, emaciation, yellow anogenital
staining, moist rales, laboured breathing, paleness, and black and brown stains on the snout.

One female rat in the 500 ppm group was found dead on day 18. Body weights of males and
females expose d to 300, 400 or 500 ppm decreased by 12% to 42% at study termination and

food consumption decreased by 15% and 18% in females and males, respectively, during the

first week. The neurologic assessment at weeks 3 and 4 showed that hindlimb grip strength
decreased 22% to 36% in both sexes at 300, 400 and 500 ppm; this effect was more severe at

400 and 500 ppm. Landing foot splay decreased 29% to 42% in both sexes at week 3 or 4 at

400 and 500 ppm; this effect was more severe at 500 ppm. At 500 ppm, the post -mortem
examination showed decreased absolute brain weight in males and minimal to slight
vacuolisation of the white matter of the thalamus and medulla oblongata in both sexes. No
exposure -related effects were observed at 100 ppm (NOAEL).

In a follow -up subc hronic neurotoxicity study, groups of 15 male and 15 female Sprague -
Dawley rats were exposed by whole body inhalation to ethylene oxide vapour at concentrations

of 0, 25, 50, 100 or 200 ppm for 14 weeks (Mandella et al. , 1997c). Neurobehavioral
assessments (functional observational battery) were conducted in 10 rats of each sex after
exposure for 5, 9, and 14 weeks and after the 13 -week recovery period. Body weight gain

decreased 16% to 17% during exposure to 200 ppm with a concomitant decrease in food
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consumption. The neurobehavioral assessment showed a 25% decrease in hindlimb grip
strength in females exposed to 200 ppm. No exposure -related effects were observed at
100 ppm (NOAEL) and no exposure  -related effects were observed for clinical signs (including
motor activity), mortality, cholinesterase activity or in macroscopic or microscopic examination

of nervous system tissue at any concentration.

In the GLP -compliant study by Snellings et al. (1984), male and female mice were given
concentrations of 0, 10, 50, 100 and 250 ppm of ethylene oxide in an inhalation chamber for 6

h per day and 5 days per week. No increased mortality was observed among the exposed
groups. During the last week of exposure lower body weight gain was observed in the highest
exposure g roup. Minimal changes in certain erythroid parameters, increased liver weight,
decreased testicular weight and decreased spleen weight were observed at 250 ppm;
decreased spleen weight was noted also in the 100 ppm group. However, there were no
histopathol ogical findings to support these weight changes. A dose -related trend of response in
the 250, 100 and 50 ppm exposure groups was noted in the evaluation of locomotor functions
(abnormal posture, reduced locomotor activity); at 250 ppm a statistically signi ficant difference
for abnormal righting reflex, toe pinch and tail pinch was observed. The small sample size (5

mice were selected for neuromuscular screening testing) resulted in uncertainties in the
determination of no -effect levels. No accompanying hist opathologic alterations in muscle and
central or peripheral nervous tissue were observed. The NOAEC was reported as 10 ppm for

male and female mice.

Two year inhalation exposure of rats to concentrations of 50 and 100 ppm (for 7 h/d and

5 d/wk) resulted in an increased incidence of skeletal muscle myopathy in the absence of any

sciatic nerve neuropathology (Lynch et al., 1984). Brain lesions were observed in
histopathology already at 50 ppm. A statistically significant increase in mortality was observed

in all groups of exposed rats compared to controls. In a similar 2 -year study in monkeys, slight
demyelination of the brains of monkeys was reported at 100 ppm (Lynch et al. , 1984, cited in
ATSDR 1990). No original study report on this study was available.

Other studies have reported effects either at higher dose levels, or have employed a limited

number of animals. For example, in the study by Setzer (1996), neuropathological changes

were reported in 1 out of 2 examined monkeys/dose group after 24 months expo sure to 50 or
100 ppm per day (7 h/d, 5 d/wk). Similarly, demyelination in fasciculus gracilis was reported in
1 of 2 monkeys/dose group after inhalation exposure to 50 and 100 ppm (6 h/d, 5 d/wk, for 24

months) in the study by Sprinz et al. (1982). Severa | studies reported clear neurotoxic effects

in rodents, rabbits or monkeys at doses of 200 ppm or higher (Hollingsworth et al. , 1956;
Snellings et al. , 1982; Ohnishi et al. , 1985/1986; Mori et al. , 1990) after exposure periods
ranging from 7 weeks to 24 mo nths. Generally, the findings were very similar across the
studies and supported the specific peripheral neurotoxicity of ethylene oxide.

Haematotoxicity in experimental systems and in animals

In vitro , ethylene oxide has been shown to cause haemolysis at doses > 500 pg/L. The
mechanism of ethylene oxide induced haemolysis is uncertain but inhibition of glutathione

reductase (Mori et al. , 1990), inhibition of ferrochelatase, increase of ALA synthase (Fujishiro

et al. , 1990) and increase of h  aeme oxygenase ( Matsuoka, 1988) could play a role in the
interference of ethylene oxide with the haeme metabolism. Ethylene oxide has caused
decreased red blood cell, haemoglobin and haematocrit levels in animals after sub -chronic
inhalation exposure to 250  -500 ppm. The m ain studies and their main haematological findings

are discussed below.

In the study by Popp et al . (1986), mice exposed to 255 ppm ethylene oxide for 6 h/d for 5
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d/wk were studied after 1, 2, 8 and 14 days, and 4, 6, 8 and 10 wk. There were up to 11%

decr eases in the number of erythrocytes (RBC), the quantity of haemoglobin (Hb) and the
haematocrit value (Ht), but the levels varied between different time points. Transient increases

were interpreted by the authors as transient compensatory bursts (see table below). In
addition, changes in white blood cell counts were seen, but also in this case the results at

different time points were variable. In WBC differential analysis, there was a shift towards

increased granulocytes numbers while lymphocytes were lost from the circulation. Similarly, in
the bone marrow, a trend towards depressed bone marrow cellularity or stem cell numbers

were seen, although the exact cell numbers varied.

Table: Alterations of blood parameters after inhalation exposure to 255 ppm eth ylene oxide (Popp etal .,
1986).
WBC Ht RBC Hb BM CFU-S/IM
% from ¢ diff % from ¢ diff % from ¢ diff % from ¢ diff % from ¢ diff % from ¢ diff
Control 6.10 100.00 0.00 45.50 100.00 0.00 10.80 100.00 0.00 15.40 100.00 0.00 75.20 100.00 0.00 13635 100.00 0.00
1d 5.90 96.72 -3.28 46.80 102.86 2.86 11.10 102.78 2.78 15.2 98.70 -1.30 67.1 89.23 -10.77 10625 77.92 -22.08
2d 3.20 52.46 -47.54 46.90 103.08 3.08 11.10 102.78 2.78 17.7 114.94 14.94 66.6 88.56 -11.44 10091 74.01 -25.99
4d 7.00 114.75 14.75 43.80 96.26 -3.74 9.40 87.04 -12.96 15 97.40 -2.60 65 86.44 -13.56 9818 72.01 -27.99
8d 4.80 78.69 -21.31 41.50 91.21 -8.79 9.70 89.81 -10.19 14.7 95.45 -4.55 72 95.74 -4.26 13539 99.30 -0.70
14d 6.70 109.84 9.84 [ 45.30 99.56 -0.44 9.80 90.7 4 -9.26 15.2 98.70 -1.30 69 91.76 -8.24 | 12288 90.12 -9.88
4 wk 4.20 68.85 -31.15 44.80 98.46 -1.54 11.70 108.33 8.33 15.4 100.00 0.00 61.8 82.18 -17.82 10879 79.79 -20.21
6 wk 5.70 93.44 -6.56 43.50 95.60 -4.40 10.10 93.52 -6.48 14.6 94.81 -5.19 85.3 113 .43 13.43 9376 68.76 -31.24
8 wk 2.10 34.43 -65.57 44.00 96.70 -3.30 11.20 103.70 3.70 13.7 88.96 -11.04 78.8 104.79 4.79 12800 93.88 -6.12
10 wk 4.60 75.41 -24.59 43.00 94.51 -5.49 9.80 90.74 -9.26 14 90.91 -9.09 64.7 86.04 -13.96 9741 71.44 -28.56
Bold numbers indicate difference of O10% from control
In the study by Snellings et al. (1984), B6C3F1 mice exposed via inhalation to 10 -250 ppm
ethylene oxide for 10/11 weeks showed slight reductions in RBC, PVC and Hb levels in males
and females. In males the effects were more pronounced a t 100 ppm than at 250 ppm. In
females, Hb levels were decreased 5%, and PCV and RBC levels were decreased 7 -9% at 250
ppm, whereas levels at 100 ppm were only 1 -3% lower than in controls. In males, 7 -9%
decreases in the parameters were observed at 100 ppm, but at 250 ppm the decreases were

only ~4.5%. There were no changes in mean corpuscular volume and no evidence of bone
marrow hyperplasia or nucleated red blood cells in peripheral blood.

Other inhalation studies, like Mori et al . (1990) and Fujishiro et al. (1990) described similar, up

to 11% decreases in haemoglobin and haematocrit levels effects at the doses of 500 ppm. RBC

counts were also depressed (12 -14% after 13 weeks of exposure). Both studies described also
significant compensatory increase in re ticulocyte levels. In the old study in dogs (Jacobson et
al., 1956), exposure to 290 ppm for 6 weeks resulted in a significant decrease in RBC,
haemoglobin and haematocrit levels in 2 out of 3 dogs. At 100 ppm, 1 out of 3 dogs showed

significant decreases in RBC and Hb levels.

Overall, these studies show that at high exposure levels, ethylene oxide is able to affect blood
parameters in experimental animals. However, the effects even at these high levels (500 ppm)
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were rather moderate with changes in blood p arameters only upto 10  -14%. It should be noted
that at these high levels (levels exceeding 200 ppm) rodents are likely to be more sensitive

than humans for the adverse effects of ethylene oxide, since in rodents elimination of ETO

occurs via glutathione ( GSH) conjugation and at these levels GSH is depleted resulting in lower
elimination. In humans, ETO is primarily eliminated via hydrolysis.

Haematotoxicity in humans

The acute haemolytic potential of ethylene oxide in humans has been described in literatur ein
connection with ethylene oxide residues in medical devices after sterilisation processes. There

is, however, little agreement about the NOAELS/LOAELs of the haemolytic effects of ethylene

oxide when exposed via the medical devices as the extraction of ethylene oxide varies with
type of material.

An early study by Ehrenberg etal. (1967) described lymphocytosis, reduced Hb level, one case

of leukaemia and three cases of anisocytosis among 31 persons who had been exposed to

ethylene oxide for several yea rs. Schulte et al. (1991) studied the haematological effects of

ETO among a group of women employed at nine hospitals in the USA and one in Mexico

(Schulte et al. , 1995). Exposure was classified as none, low, or high, based on mean 4 -month
cumulative expos ure categories of 0, >0 132 ppm -h, or >32 ppm -h, respectively. Mean 8 -h
TWA exposures in the US hospitals were 0.08 ppm and 0.17 ppm for the low and high

exposure categories, respectively; the corresponding measurements in the Mexican hospital

were 0.02 ppm and 0.55 ppm (range = 0.3 i 1.4 ppm), respectively. Among the US workers,
haematocrit and haemoglobin levels were reduced about 4%, and neutrophil levels were

reduced 15% in the high  -exposure group when compared to unexposed controls. Percentage of
lymphocy tes was increased by about 32% in the high dose group. The absolute number of
lymphocytes, however, showed no relationship with exposure. Among the Mexican workers,

there were no statistically significant relationships between exposure to ethylene oxide an d
changes in haematocrit or haemoglobin levels, although estimated exposure was higher than in

US workers. Not statistically significant exposure -related increase in the percentage of
neutrophils was, however, observed. Uncertainties related to this study include the failure to
see the same pattern in Mexicans, only single biological sampling and the high level of
imprecision as the counts were performed on only 100 cells.

Another study in humans (Shaham et al. , 2000) reported statistically significant (p < 0.01)
increases in the mean absolute humbers of red blood cells (+5.6% from control), increases in

the percentage of haematocrit (+3.6% from control), and reduction in mean absolute humber

of platelets ( -8.6% from control) in the group of 46 ETO exposed h ospital workers when
compared to the controls matched with age, sex, and smoking habits. In the WBC differential

counts, the absolute mean numbers of monocytes (+17.5% from control) and eosinophils

(+29.4% from control) were significantly (p < 0.01) elevat ed whereas the absolute mean
number of lymphocytes was significantly lower in exposed workers ( -13% from control).
Measured ETO levels at these hospitals were rather low (0.01 -0.06 ppm).

In the study by Van Sitter (1985), no statistically significant effec ts were seen in ETO
manufacturing plant workers in any of the immunological and haematological parameters
examined (white blood cell count, T - and B- cells, monocytes, neutrophils, serum
concentrations of IgA, 1gG, IgM). The inhalation exposure concentrati on was generally below

the detection limit (using personnel air samplers), but transient concentrations up to 8 ppm

were occasionally recorded. Also, no haematological changes (Hb, Ht, RBC, WBC,
%Lymphocytes) were observed in a group of 84 male workers inv olved in the manufacture of
ethylene oxide and exposed to estimated concentrations < 1 ppm (Currier, 1984). Neither did

10¢
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ethylene oxide exposures averaging 0.07 ppm result in changes in blood parameters in a

cross -sectional survey of 36 hospital workers by LaMontagne et al. (1993). One case report
(Aydin et al. , 2010) described lowered platelet counts in a male working in an ethylene oxide
sterilisation room for 6 years and a rise in platelet counts following removal from this work

setting.

Overall, human da ta on the possible haematological effects of ETO is limited and contradictory
and cannot provide supportive evidence on these effects in humans.

Comparison with the criteria

In the case of ethylene oxide, there are animal data showing clear effects on peri pheral
nervous system. In most of the cases, effects have been observed in animals in long term

studies (1 to 2 years) at exposures of 200 ppm or higher. Mandella (1997b) reported
decreased hindlimb grip strengths at 300 ppm already after 4 weeks of exposu re. In the long
term study (14 weeks), Mandella et al. (1997c) reported similar findings at 200 ppm, but not

at 100 ppm. Lynch (1984a) reported myopathy in rats after exposure to 100 ppm for 2 years,

and Snellings et al. (1984) a dose -related reduction in locomotor function and abnormal
posture starting from 50 ppm in a subchronic (10 -11 weeks) study. If only animal data on the
neurotoxicity of ethylene oxide is taken into account, the weight of evidence supports STOT RE

2 classification for neurotoxicity. However, the similar effects on the PNS has been reported

also in several human case reports. These reports describe not only neurotoxic symptoms in

humans, but also measured effects on nerve conduction velocities indicative of sensorimotor
neuropathy, and axonal degeneration observed in nerve biopsies of exposed workers.
Controlled studies in ETO inhalation exposed workers are limited in size and/or methodology

but supported the signs and symptoms reported in case reports. RAC is in the opinion that the

human evidence together with data from experimental animals provides sufficient evidence to

support the classification of ethylene oxide as STOT RE 1 for neurotoxicity.

Regarding haematotoxicity, in animals ethylene oxide caused effects on blood parameters a t
subchronic (13 weeks) exposures to 255 -500 ppm. However, the effects even at 500 ppm were

rather moderate and decreases were seen only up to 10 -14% in haemoglobin, RBC or
haematocrit levels. The data from humans was limited and variable. According to the CLP

criteria, the substance can be classified for STOT RE if there are any consistent and significant
adverse effect in clinical biochemistry, haematology or urinalysis. In the case of blood

parameters, reduction in Hb O 20% adwrsecetiectsWhdretakiagd
into account that in the case of ethylene oxide the reductions in haemoglobin levels stayed well

below 20% even at doses exceeding the guidance range of 50 -250 ppm for STOT RE 2, no
classification on the basis of haematological effects is proposed.

RAC agrees to classify ethylene oxide as STOT RE 1 ; H372 for effects on the nervous
system

4.9 Germ cell mutagenicity (Mutagenicity)

Not evaluatedalready harmonized classification as Muta, HB40.

4.10 Carcinogenicity

Not evaluategalready harmonized classification as Carc, HIB50,




4.11 Toxicity for reproduction

Table 54: Summary table of relevant reproductive toxicity studies

Method Results Remarks Reference
rat (Fischer 344) male/female |[NOAEC (R): 33ppm key study(fertility) | Snellings, W.M.
(male/female) (overall (198%)

OneGeneration studgsimilar to
OECD 415)

Route of exposure: inhalation
vapour (whole bodghamber
exposure

Conc: 10; 33; 100 ppm
Exposure:

Prior to mating: 12wé h/d, 5
d/w)

During cohabitation: 2w (6h/d,
7d/w)

Gestation: 19days (6h/d, 7d/w)
Parturition+ 5d: no exposure

Post parturition: 16d (6h/d, 7d/\

effects)

NOAEC (F): 33ppm
(male/female) (overall
effects)

100ppm: fert
gestation pg
of born pupg
sitesZ

2 (reliable with
restrictions)

experimental resu

Test material
ethylene oxide

Hybrid mice, female
Route of exposure: inhalation
0 or 1200 ppm

1.5 h/day for 4 consecutive
days before mating

300 ppm

6 h/day for 10 exposures ove
a 14day premating period

300ppm:number of
implantsZ percentage ¢
resorptiong

1200ppmyppercentage of
resorptiong

induced loss of
conceptuses was 15.79
at 1200 ppm an88.2%
at 300 ppm

LOAEC (fertility, f)=
300ppm

Study not availabl
experimental resu

Test material
ethylene oxide

GenerosaV.M.
(1987)

(Cited in US
EPA, 2010)
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Method Results Remarks Reference
Rat: 2 (reliable with HardinB.D.
SpragueDawley rats, f restrictions) (1983)

New Zealand white rabbits, f
Rats n=3245
Rabbits n=2330

Route of exposure: inhalation
chamber exposure

Conc: 150ppm
7h/d
Exposure

1 Group 1 (rat, rabbit):
no exposure

1 Group 2 (rat, rabbit):
GD 7-160r 7-19

1 Group 3 (rat, rabbit):
GD 1-160r 1-19

1 Group 4 (rat only):
three weeks before
GD 1-16

Resorptions
fetal body
groups, crowsrump

l engthzZ in
reduced skeletal
ossification in all groupg

Maternal toxicity: absoluté
and relative kidney and

spl een wei gt
groups, body
group 4

LOAEC rat(dev.) =
150ppm

Rabbit: no effects

NOAEC (maternal
toxicity): 150ppm(overall
effects)

NOAEC (teratogenicity):
150ppm(overall effects)

weight of evidence
experimental resu

Test material
ethylene oxide

(publishing data
from Hackett
P.L., 1982)

two-generation study
route of exposurenhalation
(1) guinea pig (n=8)

Conc: 357ppm (640mg/ini
176days, 7h/d

(2) rat (n=20) guinea pig
(n=8)

Conc:204ppm (370mg/f)

similar to OECD 416

(1)guineapigs 357ppm:
moderate growth

depression, appreciablg
degeneration of the
tubules of the testes

(2)rats and guinea pigs
204ppm: slight decreas
in testes weights, not
statistically significant

Rats,204ppm testes
appeared small,
microscopically there
was evidence of slight

degeneration of a few

2 (reliable with
restrictions)

experimental
result

Test material
ethylene oxide

Hollingsworth
R.L. (1956)
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Method Results Remarks Reference
tubules
LOEAC (fertility,m)=
204ppm
) 2 (reliable with )
Wistar mat, males SOppm abnormal spermyestrictions) Mori K.(1991)

Route of exposurenhalation
chamber exposure

50, 100, 250ppm
6 rats per group

o6h/d, 5d/w for 13 weeks

headsteratic type

10Qppm abnormal
spermheadsteratic type

250ppm totalabnormal
spermheadgy, testicular
degeneratiopepididyma
weight Z

LOAEC (fertility, m) =
50ppm

Test material
ethylene oxide

Food intake of
control and low
dose groups wag
restricted
according to the
intake of the higk
dose group

Wistar i|at, males

Route of exposurenhalation,
chamber exposure

Conc:0, 500pm
6 h/d, 3d/w for 2, 4, 6, or 13
n=6-8 per group

mild degeneration of
germ cells at 2 weeks,

conspicuous
degeneration at 4 week

exfoliation of germ cellg
at 6 weeks

marked reduction in
germ cells in about 509
of seminiferous tubules
which contained dg
Sertoli cells, at 13 week

GST
13w)

activit

LOAEC (fertility, m) =
500ppm

2 (reliable with
restrictions)

Test material
ethylene oxide

Pairfeed to
minimize

differences due {
foodrintake

Mori K.(1989)

B6C3F1 mice

Route of exposurenhalaton,
chamber exposure

No effects on survival o
body weight

250ppm: absolute

testicular weights

2 (reliable with
restrictions)

Test material
ethylene oxide

Snellings
W.M.(1984)
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Method Results Remarks Reference
Conc:0, 10, 50, 100, 250ppn depressed, normal
histology
n=30m+30f per group
NOAEC (fertility, m) =
10weeks (males) 100ppm
11 weeks (females) NOAEC (fertility, f) =
6h/d, 5d/wk 250ppm
Mice, Swiss Webst le |Statistically significant 2 (reliable with RibeiroL.R
ice, Swiss Webster, male |Statistically significan - ibeiroL.R.
Route of - inhalat increase (p<0.01) in the restrictions) (1987)
cr?;mebgr?az((?)%ssﬂrri Inhalalliol percentage of abnormaltest material
spermsheads ethylene oxide
Conc: 0, 200, 400ppm LOAEC (fertility, m) =
6h/d, 5d/week 200ppm o
ip-injection of
for 1, 3, 5 weeks cylcophosphami
mousespermmorphologytest ewas used as
P P g positive control
N _ . |Study not
Cynomolgus monkey significant reduction in available LynchD.W.,
_ _ |sperm counts and 1984
Route of exposure: inhalatiol mqtility (abstract only)
(as cited in
NEDO, 2004)
Conc: 0,50, 100ppm 100ppm: decreased bw
7h/d, 5d/w
24 months
rat (Fischer 344) No treatment related |2 (reliable with |Snellings, W.M.
: . effects on litter ize and |restrictions) (198)
route of exposure: inhalation, . .
resorption sites _
vapour (whole body) weight of
100ppm:significant evidence

Conc:10; 33; 100 ppm
Exposure: gstation day 6 15
6 h/day

equivalent or similar to OECD
Guideline 414 (Prenatal
Developmental Toxicity Study)

depression of body
weight in fetuses

NOAEC (maternal
toxicity): 100ppm(overall
effects)

NOAEC (deV): 33ppm

experimental
result

Test material:
ethylene oxide
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Method Results Remarks Reference
(overall effects)

Rat SpragueDawley, f 2 (reliable with |Saillenfait
(1) restrictions) AM. (1996)

Route of exposure: inhalatip
chamber exposure

1)
Conc: 0, 400, 800, 1200ppm
0.5 h/d, GD 615

(2)
Conc:0, 200, 400, 802200
ppm
0.5 h,3 times per day,
GD 615

1200ppm dilated renal
pelvis and ureter

2
800ppm: fetal body
weight s Z

1200ppm: Reduced
maternal weight gain,
fetal body

NOAEC (dev) short
time = 400ppm

Test material
ethylene oxide

Mice, C57BL/6J f

Route of exposure: inhalatip
chamber exposure

Conc:

2100ppmh (1400ppm x 1,5h
or 700ppm x 3h or 350ppm X
6h)

2700ppmh (1800ppm x 1.5h
or 1543ppm x 1,75h or

1350ppm x 2h, 900ppm x 3h
or 450ppm x 6h

for 1.5, 3 or 6h

Single exposure on GD 7

Maternal effects: body
weight Zin
death in high exposar
groups

Fetal effects: fetal

deathy, fet
eye mal forrn
crownr ump | en

2 (reliable with
restrictions)

Test material
ethylene oxide

Weller E. (1999)

CDrat f

Route of exposure: inhalatio
chamber exposure

Conc: 0, 50, 125, 228pm,

n=25 per group

Maternal toxicity:
225ppm: body weight
gainzZ, foogq
Z relative
125ppm: body weight
g a i, nelative liver
weighty

Fetal toxicity:

Abstract only

Test material
ethylene oxide

NeeperBradley
T.L. (1993)
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Method Results Remarks Reference
Fet al body
6 h/d, GD 615 all groups, skeletal
variations at 225ppm
(n=12)and 125ppm (n=
LOAEC (dev) = 50ppm
) Exposure 1h after 2 (reliable with |Rutledge J.C.
Mice mating: number of live |restrictions) (1989)
s . Ifetuse& , abnor
Route of exposure: |nhalat|of oetuses § (cited in US
EPA, 2010)
Exposure 6h after Abstract only
(1) mating: number of live
fetusesZ, &
Conc: 0, 1200ppm foetuses §
1.5h single exposure
1,6, 9, 25h after mating
(2)
Conc: 0,1800ppm
1.5h single egosure
6h after mating
_ 2 (reliable with |LaBordeJ.B.
CD-1 mice, f 150mg/kg: restrictiors) (1980)
) maternal toxicity
Route of exposure: Fet al body |GLP

Intravenously admin.
Conc: 0, 75, 16mg/kg bw

At 4 periods during gestation

()  day 46
() day6-8
() day 810
(V) day 1612

n=approx.10 per dose

4 replicatesn a period of 6
months

Malformed fetuses in
group |l

Test material
ethylene oxide
(high volatility
was considered
during
preparation and
application)
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4.11.1 Effects on fertility

4.11.1.1Non-human information

Effects on fertility have been investigated bg thhalatory route of exposure only.

In the study by Snellings (1982c) Fischer34#srwere randomly assigned to one of five groups.
Each group consisted of 30 males and 30 females. Three groups were expatbgtete oxide
vapourat approximately 100, 33, or 10 ppm, and two control graupslarly maintained were
exposed only to room aif.he pemating exposure period for males and femalas12 weeks. 5
days after parturitiothe dams were separated from their pups and exposed agsinylene oxide
vapourthrough day 21 post parturthere were no treatmentlated effects on body weight gain
throughout the 12 weeks of exposure for males or females of any exposureNpatptistically
significant adverseffects were observed in the Jfjim exposure group when the body weights of
thepups per litter were determined at day 4, 14, or 21 post partum. The results of the analyses of the
fertility indices (percentages of females pregnant and percentages of males provestiextilt)at
those for the 10@pm exposure group were low@ut rot statistically significantjhan one or both
air-control groupgsee Table55). Sperm parameters were not investigaidtere were statistically
significantly more females in the 19Pm exposure group whose gestation period gvaater than

22 days(7/14) than in either akcontrol group (4 females 23d, 2 females 25/26, 1 female
undeterminable)According to the author the biological significance of this effect is unknown as the
gestation length for the laboratory rat is repotiede 21 to 23 dayd.he major treatmerrelated
adverse effect observed after mating was that the median number of pups born on daaQuos

per litter for the 10Ppm exposure group was significantly (p < 0.001) lower than the medians for
both aircontrol groupsThe medians for the 33 ppm, 10 ppm, and the twoaitrol groups were 9

or 10 pups, wherasathe median was 4 for the Jn exposure group. At parturition, no pups were
found dead in th&@0Qppm exposure group or in either-awntrol groy, and there was no evidence

of cannibalization.The median number of implantation sifesr pregnant female in the Jfjim
exposure group was 6, which is significantly lower than the median of 10 or 11 for-tieaizol
groups. The median for the 38nd 10-ppm exposure group was 11. The ratio of the number of
fetuses born to the number of implantation sites per female was determined for each litter. The
medianvalue of this ratio for the 1@pm exposure group was statistically significantly lo&f)

than the value ofither aircontrol group 92 or 100 (seeTable 55). There were no statistically
significant effects on the survival rate of the Fla generation.

Snellings (1982b) showed that there are no effectditiem size and resorptions when rats are
exposed to ethylene oxide (10, 33, 100ppm) on days 6 throu@@n/h of the gestation periodror
further study details see Chapter 4.1(D2velpomental toxicity).

In astudy to assess the effect of inhaledykethe oxide on preovulatory oocyt€eneroso (1987)
exposed female ite to ethylene oxide at 0 o200 ppm (2160 mg/@ for 1.5 h/day for 4
consecutive days before matingtor300 ppm (540 mg/fh for 6 h/day for 10 exposures over a 14

day premating periodChamber and analytic procedures were not described. The dams were killed
on GD 17 to assess the effect on resorptions, midgestational deaths, and late fetal deaths. The
number of implants per female was significantgduced at 300 ppm but not a2GD ppn.
However, the percentage of resorptions in both groups of females exposed before mating was
significantly elevated by 10.8% (3.0% in controlspatl.1% (6.4% in controls) aR@0 and 300

ppm, respectively. Midgestational deaths and late fetal deaths shghtly elevated but not
statisticallysignificantly; the induced |@sof conceptuses was 15.7% a0Q ppm and 58.2% at 300

11€
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ppm, showing that exposure to the lower concentration for a longer time was more effective than
the high concentration for a stidime (cited in US EPA, 2010).

Table 55: Reproductive parameters for rats exposed to ethylene oxide via inhalation
(Snellings, 1982c)

Parameter Exposure (ppm)

100

33

10

0 (control 1}

0 (control2)*

Number of females
pregnarit

17/27 (63%)

25/28 (89%)

25/30 (83%)

24/29 (83%)

19/28 (68%)

Number of males

15/22 (68%)

20/23 (87%)

19/23 (83%)

17/21 (81%)

12/20 (60%)

provenfertile®

Litters totally | 2 0 0 0 0
resorbed
Numbers of pupat | 64 212 237 222 174

day O postpartum

Numbers of pups| 0 1 3 0 0
born dead

Median number of 6.0* 11.0 11.0 11.0 10.0
stained

implantation  sites
per pregnant rat

Median number of 57*% 90 92 92 100
foetuses born pe
number of
implantation  sites
(x100)

aratio of number of pregnant rats to numbereddess number of ngoregnant rats mated for only one mating.

b ratio of number of males proven fertile to number mated less number mated for only one of the two matings
* p<0.001 for comparison to control 1 and 0.001>p>0.001 for comparison to control 2

* (1 p<0.001 in comparison to either control group

L two control groups were used so that normal variability between similarly treated concurrent control groups could be
evaluated

Exposure of female rats and rabbits to 150ppm ethylene oxide (Hardin, fi#8®@ation of study
report Hackett, 1992before mating and/or during gestaticaused no mortality but maternal rats
showed increased kidney and spleen weights and decreased body weights at rieatsssgrting
exposure three weeks before matingagestation day 16 showed a statistical significacrtease
in the incidence of resorption&r detailed information (Hackett, 1988geTable61. Rats exposed
only during gestation showed no significant effects on the incelefcresorptionsRabbits
appeared to be unaffectedly exposed during gestation
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Effects of ethylene oxide exposure on male fertility was examined in rats, guicea pigsand
monkeys.

In an early studyHollingsworth (1956) examines the toxicity of giéne oxide on various animals

via different routes and durations of exposure. Effects on fertility were semalé@guinea pigs

after administration of 357ppm ethylene oxide via inhalation for a period of 176days (7h/day).
Histopathological findings shaad degeneration of the tubules of the testes with replacement
fibrosis in the malesThis effect was accompanied by a moderate growth depression in males.
Except a slight increase in lung weight of male animals no significant organ weight changes were
found. Exposure of rats to 204ppm for 1226 days revealed small testes in rats with microscopical
evidence of slighdegeneration of a few tubules combined with a depressed growth.

In a study by Mori (1991) male Mtar rats were exposed to 50, 100 or 250mthylene oxide
(6h/d, 5d/w) for 13 weekd.he same volume of food was given to all groups to minimise the effects
on sperm heads due teducedfood intake At 250 ppma significant decrease in epididymal
weights (Table 56), slight degenerations in the seminiferous tubusegnhificantdecreased sperm
countsin tail and body of epididymjsandsignificantincreased numbers of abnormal sperm heads
in the tail of the epididymigp<0.01) were found; these were not seen at lower dogésen
abnormal sperm heads werkassified into immature and tatic types,the rate ofteratic types
increasd in all treated group§<0.05)but not inrelation to the concentration of EQherate of
immaturetypes of sperm heads increased only in268 ppmgroup(p<0.0J).

Table 56: Effects of ethylene oxide on body, testicular and epididymal weights (Mori, 1991).

Ethylene oxide Body weight (g, mean testicular weight (g| epididymal weight (g
concentration (ppm) | SD) mean, SD) mean, SD)
0 (n=12) 462.7 (33.3) 3.73 (0.27) 1.32 (0.11)
50 (n=6) 489.7 (20.5) 3.33 (0.26) 1.35 (0.09)
100 (n=6) 467.2 (31.9) 3.40 (0.23) 1.26 (0.08)
250 (n=6) 443.3 (37.3) 3.60 (0.39) 1.06 (0.11)

* Significantly different from control, p<0.01

In an earlier study by Mori (1989male Wistar rats were exposed to ethylene oxide at a
concentration of 500 ppm, 6 h/d, 3d/w for 2, 4, 6, or 13 wesixsto eight animals were used for

each group.Testicular toxicity and changes in glutathione metabolism ha testis were
investigated The relative weights of the testes and the epididymes of the exposed group decreased
in a time dependent manner while body weight gain of the exposed group was not different from
control (seeTable 57). Light microscopic examination revealed degeneration and exfoliation of
germ cells.At 2 weeks disorder of the arrangement and mild degeneration were observed. At 4
weeks, the degeneration of mature spermatids became conspicuous aradefevacuolization of
immature road spermatids was also observéd 6 weeks, all types of germ cells including
spermatogonia and spermatocytes degenerated and exfoliated, and mature spermatids almost
completely disappeared. At 13 weeks germ cell redoat/as prominent in approximately half of

the seminiferous tubules and they contained only Sertoli cells. However, the other tubules contained
more type B spermatogonia and spermatocytes than those at 6 weeks and some of them had almos
normal maturationphase spermatids. Mild proliferation of the Leydig cells occasionally was
observed only at 13 weekalthough the severity of damage became apparent over the course of
exposure,some seminiferous tubules showed germ cell recovery at 13 weeks compared with
weeks. Plasma testosterone concentration was not affettedpite of some alterations in the
glutathione redox cycle (inhibition of the acty of Glutathione reductase at all endpoints,
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alterations of glutathione peroxidas&SH concentration in thdestes was not affected.
GlutathioneS-transferas€GST) activity, the major enzyme detoxifying ethylene oxide in the testis,
increasd during the course of exposuf@ST activity was measured with two compounds, CDNB

and 1,2epoxy 3-(p-nitrophenoxy)propae, as substrates. Activity with CDNB increased by 63.0%

at 6 weeks and by 72.8% at 13 weeks, and activity withefigiy-3-(p-nitrophenoxy)propane
increased by 13.1% at 4 weeks and further increased by 54.6% at 6 weeks and by 81.9% at 13
weeks

Table 57: Effects on relative testicular eights and epididymal weightémean+SD)(Mori,
1989).

Exposure Rel. testicular weight (%) Rel. epididymal weight (%)
period (wk)

control 500ppm EO control 500ppm EO
2 1.248+0.101 (6) | 1.302+0.183§) 0.308+0.056 (6) | 0.314+0.062 (6)
4 1.129+0.087 (6) | 0.924+0.060 (6)* | 0.344+0.004 (6) | 0.297+0.016 (6)**
6 1.117+0.049 (8) | 0.602+0.059 (8)** | 0.347+0.018 (8) | 0.248+0.035 (8)**
13 1.006+0.066 (8) | 0.466+0.113(8)** | 0.344+0.042 (8) | 0.204+0.029 (8)**

* p< 0.01; ** p<0.001

Snellings (1984) exposed mice to concentrations up to 250ppm. Effects were only seen at 250ppm.
Significant effects on RBC and Hht 250ppm are presented Trable 36. Testicular weights
(absolute) were statisticgllsignificant depressed without clinical or histopathological findings to
suggest a pathologic effg@able58).

Table 58. Absolute weights (g) (mean value) of B6C3F1 mice after 10 weeks of exposure to

ethylene oxide (Snellings, 1984).

Concentration (ppm) | Brain (g) Testes (Q) Body ()

250 0.451 (0.020) 0.106* (0.008) 27.5* (2.0)
100 0.457 (0.017) 0.108* (0.009) 29.2 (2.0)
50 0.444 (0.014) 0.108* (0.004) 28.8* (2.8)
10 0.480 (0.063) 0.113 (0.006) 28.8* (2.0)
0 0.454 (0.028) 0.116 (0.006) 31.0 (2.0)

# standard deviation
* p<0.05 in comparison to control

Ribeiro (1987) evaluated the effect of inhaling ethylexigle vapor at 0, 200, or 400 ppm on sperm
morphology in mice. Male Swiss Webster mice avexposed 6 h/day for 5 days, and killed 1, 3,
and 5 weeks after exposu@nly the head morphology was examinedhytene oxide induced
concentratiorrelatedand statistically significant (p<0.01)creases in the incidences of abnormal
spermatozoa, spesatids, and spermatogonial celfspreleptoteneompared with the incidences in
controls(seeTable59).
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Table 59: Frequency of sperm head abnormalities after treatment with ethylene oxidgh/d)
and cyclophosphamide (CPA) at different stages of spermatogene@iibeiro, 1987)

Groups | Treatment Sacrifice, | Population off No of | No of | Sperm
wk after| treated cells mice cells abnorm. %
treatment scored (mean+SD)
1 EO 0 ppm 1 Spermatozoa | 10 10000 1.76+£0.5
EO 200 ppm 10 10000 | 3.02+0.5**
EO 400ppm 10 10000 | 3.95+0.6**
CPA 100mg 5 5000 3.12+0.7**
2 EO 0 ppm 2 Spermatid 10 10000 1.62+0.4
EO 200 ppm 10 10000 | 3.62+0.6**
EO 400ppm 10 10000 |5.81+1.5**
CPA 100mg 5 5000 2.60+0.8**
3 EO 0 ppm 3 Spermamgonia_ll 10 10000 1.32+0.4
EO 200 ppm ;?é'feptotene "o 10000 | 2.32+0.5**
EO 400ppm 10 10000 5.54+1.4**
CPA 100mg 4 4000 10.40+1.6**

EOé ethylene oxide
CPAéCycl ophosphamide, 100mg/ kg bw i.p., 5 consecutive
**Significant at 1% level

In an experimendn Cynomolgus monkeys in which 0 ppm, 50 ppm, 100 ppm ethylene oxide were
administered by inhalation exposure for 7 hours/day, 5 days/week, for 24 months, a decrease in the
number and mobility of spermatozoasobsened Exposure to 100ppm resulted in significantly
decreased body weigfitynch, 1984bcited in NEDO, 2004

4.11.2 Developmental toxicity

4.11.2.1Non-human information

Fischer 344 rats exposed to 0, 10, 33 and 100ppm ethylene oxide {@pdjion day 6 through 15

of the gestation period showed no treatment related effects for maternal survival, litter size, number
of implantation and resorption sited and preimplatation losses. Exposure to 100ppm resulted in a
significant depression of body weight in the foetumad instatistically norsignificant variations in
ossification of the distal thoracic vertebral centd® significant difference in crowrump length.
Visceral alteration (renal pelvic dilatation) was observed in 100ppm group and air control group.
No treatmentelated adverse effects were observed for adult females. Maternal body weight gain
during gestation was not monitored. An overview aetdl alterations is given idable 60
(Snellings, 1982hb)
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Table 60: Summary of observations after exposure to ethylene oxiden GD 615 (Snellings,
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1982b).
Observations Exposure group (ppm)
100 33 10 Control | Control 113
(air) 0 (air) 0
Weight male foetuses (g) 3.1*+0.2 3.3+x0.3 3.3+03 3404 3.3+£0.2
[Mean of litter means + SD]
Weight female foetuses (g)| 2.9*+0.1 3.1+£0.3 3.0+£0.3 3.1+£0.3 3.0+£0.2
[Mean of litter means + SD]
Crown rump length (male) 361 362 371 37+1 361
(mm)
Crown rump length 351 352 361 35+2 35z+1
(female) (mm)
Foetuses one or more 0 0 0 0 0
gross abnormalities (%)
Incidence of foetal alterations
No. of foetuses/No. of litters
examined:
- external 154/19 - - 175/21 149/17
examination
- skeletal 75/19 - - 87/21 74/17
examination
- visceral 79/18 - - 88/21 75117
examination
% affected, foetuses (litters
- external alterations| 0 (0) - - 0 (0) 0 (0)
- variation ossif. 4 (11) - - 7 (29) 1(6)
sternebrae
- variation ossif. 11 (42) - - 5(19) 7 (18)
vertebrae
- visceral alterations 29(78) - - 28 (81) 20 (59)
renal pelvic
dilation
% foetusesl/litter affected,
Q2 (QD)*
variation ossification 0 (0) - - 0 (10) 0 (0)
sternebrae
variation ossification 0 (12) - - 0 (0) 0 (0)
vertebrae
renal pelvic dilation 20 (15) - - 33(13) 17 (20)

* p > 0.05 when compardd Controls | and |l

1 One dam had only one foetus which was skeletally examined
2 Q. 50" percentile, QD quartile deviation [=(T25" percentile) /2]

3 two control groups were used so that normal variability between similarly treated concurrentgrongs could be

evaluated
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The study by Snellings, 1982c is reported in detaiChapter 4.11.1 (effects on fertility) bato

some aspects of developntal toxicity have been studietllo statistically significant adverse
effects were observed in th®0ppm exposure group when the body weights of the pups per litter
were determined at day 4, 14, or 21 post partlihe median number of implantation sitesr
pregnant female in the 1pPm exposure group was 6, which is significantly lower than the median
of 10 or 11 for the aicontrol groups. The median for the-38d 10ppm exposure group was 11.

The ratio of the number of fetuses born to the number of implantation sites per female was
determined for each litter. The median value of this ratio for O@p@dm exposure group was
statistically significantly lower (57) than the value of eithercaintrol group (92 or 100) (sdeable

55). There were no statistically significant effects on the survival rate of thgdfibmation.

The studyreportby Hackett (1982) has been publishedHardin (1983) Rats and rabbihave been
exposedo 150ppm ethylene oxid&h/d for different periods before and during gestatResults
on fertility are presenteit the previous chapr. Rat fetal body weight and crowmmump length were
reduced in all ethylene oxide exposed groups. External, visceral and skeletal examinations revealed
no treatmentelated effects other than an increased incidence of reduced skeletal ossification
(primary of skull and sternebrae) in all exposuat groups(without maternal toxicity in group 2

and 3)(seeTable61). No effecs were sen in exposed rabbits exposed @D 1-19 or 7#19. In
contrast to ratsampregestation exposuneasdonein rabbits

Table 61. Maternal, reproductive and developmental effectsn rats after exposure to150ppm
ethylene oxide (Hackett, 1982 cited in US EPA, 2010)

Parameter Exposure groups

Group 1 Group 2 Group 3 Group 4

Unexposed Exposed GD716 | Exposed GD416 | 3 weeks premating

+GD 1-16

Maternal body weight (g), mean valu€% reduction)

Pregestation day 21 278 277(-0.34%) 280(+0,72%) 267 (-3.96%)
GD 6 298 298(0%) 293(-1,68%) 279 (-6.38%)
GD 11 315 314(-0.32%) 308(-2.22%) 295 (-6.35%)
GD 16 339 335(-1.18%) 328(-3.24%) 317 (-6.49%)
GD 21 382 381(-0.26%) 378(-1.05%) 360 (-5.76%)

Reproductive parameters

No. live litters/no. pregnant| 41/41 41/41 41/41 38/39

No. implantation sites/dam| 14.7 14.0 14.8 14.3
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No. resorptions/litter 0.75 0.71 0.92 1.60¢

No. fetuses/litter 13.9 13.5 13.8 12.7

Fetal parameters

Weight of f (g) 3.56 3.35 3.2% 3.1
Weight of m (g) 3.73 3.5% 347 3.3
Crownrrump length (mm) f | 36.1 35.3% 34.7% 34.8
Crown-rump length (mm) m 36.5 36.1* 35.& 35.6

Morphologic alterations

(Number of foetuses per number of litters; number in parentheses are percentage of affected litters relative to

Reduced ossif., skull 3/2 (4.9) 16/9 (22.0)* 10/9 (22.0)* 14/10 (26.3)*

Reduced oskij sternebrae | 69/23 (56.1) 145/36 (87.8)* 159/36 (87.8)* 155/33 (85.8)*

* pO0.05, compared with control

NeeperBradley(1993 abstract onlyexposed groups of 25 pregnant CD rats to 0, 50, 125, 225ppm
ethylene oxide for 6h/d on GD-B. No maternal morigy was associated with ethylene oxide
exposureThere were no exposurelated clinical signs of toxicity. In the 225 ppm group, average
gestational body weight was reduced for Daysl®, 15, 19, and 21 and were consistent with
substantially reduced bgdweight gains throughout the exposure periBgductions in food
consumption were also observed. In the 125 ppm group, body weight gains were reduced but there
were no reductions in food consumption. Relathegernaliver weights were increased in th2®

and 125 ppm groups. There were no effects of exposure at any of the three vapor concentration
levels on the number of ovarian corpora lutea and the number, of total, viable, or nonviable (early
and late resorption and dead fetuses) implantations/bitethe percentages of preimplantation loss

or live fetuses, or on sex ratiéetal body weights were reduced in a concentradependent
fashion for all ethylene oxidexposed groups witheductions of approximately 4, &d 10% of

control values in th&0, 125, and 225 ppm groups, respectively. Increased incidences of 12 skeletal
variations(primarily unossified or poorly ossified areasyolving the head region, extremities, and
sternebrae were noted in the 225 ppm group. In the 125 ppm groupdlhatienswere observed.

The developmentdbxicity of short duration exposure &thylene oxidevas examined Sprague

Dawley rats following inhalation exposure duridgys 6 to 15 of gestatididaillenfait, 1996) Two
different exposure regimens wausel: (1) exposure for 0.5 hr once a day to 0, 400, 800, or 1200
ppm ethylene oxideor (2) exposure for 0.5 hr three times a day to 0, 20@00 ppn, or 800, or

1200 ppm ethylene oxide. The single short duration exposure showed no effects on materhal weigh
gain, no adverse effects on resorptions and no externakedetal malformations. €currence of

soft tissue malformations (dilated renal pelvis and ureteddxa200ppm wasbservedbut the
toxicological significance is doubtful due to the wide variagiin the renal developmeepeated
shortduration exposure did affect maternal weight gain at 1200ppm and fetal body weights were
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significantly reducep<0.01)at 3x200ppmr{ot considered toxicological significant due to unusual
high weight in the conarent control group)3x800ppm and 3x1200ppm. No other signs of
fetotoxicity were seen.

Weller (1999) investigated developmental effects of a single expasiethylene oxide. Pregnant

mice were exposed on GD 7 for 1.5, 3 or 6h via inhalation at 21@Y@@ppmh. The study was
designed to specifically look at desste (Cx t) effects (Haber’s rule). An overviean used
concentrations and resulting effecdsgiven inTable62. Maternal weight loss was observiedall
exposed miceas well as maternal death in high exposure groDeselopmental toxicity was
exhibited by increased resorptiorsggnificantly decreased fetal body weight, decreased crtman

rump length, angignificantlyincreased incidences of egefects(microphthalmia, anophthalmia)

after exposure to ethylene oxidéNo treatmentelated skeletal defects were observed in fetuses
from dams exposed to ethylene oxide. This study showed developmental effects at the lowest
concentration tested.

The teatogenic potential of intravenouslgministered ethylene oxideas assessed in the €D
mouse at doses of 0, 75, and 150 mg/kg (in sterile 5% dextpgdiedat four periods during
gestation Days 46 (Period 1), 68 (Period 1), 810 (Period 1ll), andLGi 12 (Period IV).Maternal
mice were weighted in day 0 of gestation, on each day of treatment and onMatdrhal animals
showed signs of toxicitfiveakness, tremors, labored respiration, degttt)e 150 mg/kg dose level
in Periods 1, 1ll, and IV bunot in Period Il.Significant decrease in mean maternal body weight
gain wasseenduring reatmem period 1, Il and IV.A significant reduction in mean fetal body
weight compared to controls occurred in all four treatment periods at the 150 mg/kgNlevel
changes in the number of implants per litter but a significant reduction in the mean number of live
foetuses in Il and IV was noted at 150mg/kg bAv.significant increase in the percentage of
malformed fetuses/litter was observed in Periods Il andtlthia dose levelThere was also an
increase in group Ill, but not statistically significaApproximately 19% of the fetuses in each
litter from maternal animals treated with 150 mgétgylene oxiden Period Il had somé&pe of
malformation(fusion ofthe cervical and thoracic arches, fusion and branching of fketails on
malformations are shown ifable63 (LaBorde, 1980).

Female miceexposure to 1200ppm ethylene oxide Id6h (single exposurd), 6, 9, or 25 h after

mating alsoresulted indevelopmental effectRutledge, 1989; abstract onlyijhe exposure times
correspond to different developmental stages of the zygote: 1 h, sperm entry; 6 h, early pronuclear
stage before DNA synthesis; 9 h, pronuclear DNA syntlstesie; and 25 h, early tweell stage.

A marked reductiorwas observed in the number of live fetuses from female mice exposed to
ethyleneoxide vapor 1 h after mating (6 fetuses per dam versus 9.72 for control§) lamdter

mating (1.81 fetuses per dam s 10.11 for controls). In addition, tircidence of abnormal
fetuses markedly increased when females were exposdd4L7% versus 0.2% for controls) and 6

h (39.2% versus 1.7% for controlajter mating. The predominant types of abnormalities were
hydrops (differentd e gr ees of edema rangi ngl ifkreonf etthuiscok) |
defects. Defects in the limbs and tail occurred in females exposed 6 h after nQGitieg.
abnormalities included abdominal wall defect, cleft palate, exencemtmalysmall size.

Two additional groups of female mice were exposed similarly to10880 ppm (3,240 mg/m3) 6 h

after mating and were killed serially on GD 1116 to determine the effect on midgestational
developmentAnalysis of the uterine content ftidfmalesexposed to 1,800 ppm and killed on GD 11

to 15 showed significant increasesfetal deaths, particularly on GD 15 (late deaths). The number

of defectiveliving fetuses per dam significantly increased, whereas the numbeingffetuses per

dam cecreased. Most dead fetuses were hydr(itied in US EPA, 2010)
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Table 62 Developmental toxicity in mice after single exposure on GD7 (Weller (1999) cited in US EPA, 2010).

Maternal effects

Developmental effects

Conc Exposed | Number | Weigth | % with clinical | No. No. No. No dead| Fetal Crownrump | No. Eye
(Sperm | Deaths lost (5) signs pregnant | implants | resorptions| foetuses | weight (g) | length (mm) | offspring | defects
ppm xh | positive) | (%) (%) (%) (%) (litters) | (offspring
30min 24h flitters) *
0x1.5 50 0 1.2 2.3 0 28 203 28(13.8) |0 0.92 19.22 175 (28) | 13 (6)
0x1.75 |8 0 0.7 125 [125 |6 50 3(6.0) 0 0.97 20.03 47 (6) 5(3)
0x2 28 1(36) |03 0 0 14 95 11(11.6) [1(1.1) |0.99 20.70 83(14) |4(3)
0x3 38 0 3.4 2.6 0 19 141 15 (10.6) | 1(0.7) | 0.93 19.71 125 (19) | 5 (4)
0x6 30 1(33) |38 6.7 0 19 150 14(9.3) |0 0.99 19.52 136 (19) | 12 (6)
Total 154 2(1.3) 1.9 4.8 25 86(55.8%)| 639 71(11.1) | 2(2.1) |0.96 19.84 566 (86) | 39 (22)
C xt=2100ppmh
14500 x| 39 3(77) |72 100.0 [20.7 [8(2.2) |62 24 (38.7) |17 (27.4)[ 0.72(75) [ 16.89(85) | 21 (8) 7(3)
700x3 |41 0 6.6 816 |53 22 (53.7) | 168 27 (16.0) | 3(1.8) [0.88(92) | 19.24(97) | 139 (22) | 53 (15)
350x6 |33 0 4.7 53.1 3.1 19 (57.6) | 152 13 (8.6) 1(0.7) | 0.97(101) | 19.90 (100) | 138 (19) | 20 (8)
C xt=2700pprh
18500 x| 73 41 (56.2) | 13.0 100.0 | 66.2 3(9.4) 22 14 (63.6) | O 0.70 (73) | 16.66 (84) | 8(3) 7 (1)
1543 x| 23 15 (65.2) | 13.5 957 |722 [1(@125) |7 1(143) |0 0.76 (79) | 17.83(90) |6 (1) 6 (1)
1.75
1350x 2 | 76 27 (35.5) | 11.4 100.0 [39.7 [7(143) |20 9(45.0) |1(5.0) [0.86(90) | 18.74(94) | 10 (7) 3(2)
900x3 |50 1(20) |88 980 |240 |[11(22.5) |86 22 (25.6) |5(5.8) |0.82(85) | 18.42(93) |59(11) | 34(9)
450x6 | 41 0 (0) 6.2 95.1 |24 20 (40.1) | 148 28(18.9) |0 0.97 (101) | 19.32(97) | 120 (20) | 13 (10)
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Lincludes anophthalmia and microthalmia
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Table 63. Malformations in CD -1 mice treated with ethylene oxide i.v. (LaBorde, 1980).

Treatment | Dose | No. Total no. | Obsernved malformations
group mg/kg | live foetuses
bw fetuses| malformed
(days of
treatment)
| (4-6) 0 246 1 Exencephaly(1)

75 200 0 -

150 156 3 Exencephaly (1) thoracic arches, missing (1);
thoracic ribs, branched (1); thoracic ribs,
misshapen (1), malformed forelimb (1)

Il (6-8) 0 148 1 Sternebrae, scrambled and fusedl(

75 208 0 -

150 148 60 Exencephaly (2); Cleft palate (3); coloboma
retina (2); Sternebrae, scrambled and fused (4
Cervical arches, fused (17); thoracic arches
missing (2); thoracic arches, fused (7); thoraci
ribs, fused (9); thoracic ribs, branded (6);
thoracic ribs, decreased number (4), thoracig
ribs, misshapen (3); lumbar centra, fused (1);

1 (8-10) |0 242 |1 Small kidney (1)
75 178 |0 -

150 74 7 Exencephaly (2), Cleft face (%)thoracic arches,
fused (2); thoracic ribs, fused (1); thoacic ribs,
branched (1);

IV (10-12) | O 158 0 -
75 223 4 Cleft palate (1) Small kidney (1); decreased
number (1); thoracic ribs, misshapen (1);
150 22 2 Cleft palate (1)} Small kidney (1)
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4.11.2.2Human information

Table 64: Human evidence

Method Results Remarks Reference

_ ] _ Spontaneous abortion |[Typical TWA in [Hemminki
Questionnaire/hospital recor(16 795 versus 5.6% for |a finish (198)
Female Finnish hospital nonexposed sterll_lzat]lon uglt1
sterilizing staff ranging trom ©.

I 0.5ppm
_ Age adjusted relative |Exposure is Rowland

Crosssectional study risk: based on self |(1996)

spontaneous abortion |reporting of the
2.5 (95% Ck 1.006.3); |used method
Female dental assistants  |Pretermbirths:

2.7 (95% Ck=0.8/8.8
postterm births

2.1 (95% CE 0.715.9),

Questionnaire

. prevalence odds ratio |Exposure is GresieBrusin
Crosssectional study (POR): based on wak |(2007)
spontaneous abortion [throughsurveys,
20.8(95% CI = 2.1199) |questionnaire
Hospital sterilizing units pregnancy loss collected data
8.6(95% CIl = 1.843.7) |and
measurements g
the time of the

Questionnaire

study
. increased risk of Exposure status|Lindbohm
Hospital records/central spontaneous abortion |based on (1991)
statistical data (odds ratio = 4.7; 95% |occupational
Cl=1218.4) titles and industr

Paternal exposuite ethylene
oxide (n=10)

The findings by Hemmiki (1982) indicate that exposure to ethylene oxide in early pregnancy in
hospitals correlates with an increased fiexacy of spontaneous abortiorsll sterilizing staff
employed in Finnish hospitals 61980 wasincluded in the analysigquestionnaire, hospital
discharge recordsywith a total of 1443 pregnancies (545 workers exposed during pregnancy).
Ethylene oxide concentratierhave be® measuredbut not in the coursef this study) in many
sterilizing units in Finnish hospitals showing an 8h TWA ranging fromi 0015ppm (with peak
exposure up to 250ppm). Outcome of the questionnaires showed that exposure to ethylene oxide
during early pregnancyas related to an increased frequency of spontaneous abortion (adjusted rate
of 16.1% in exposed versus 7.8% in unexposed workers; p < BMbEn data on the pregnancies

of the sterilizing staff and the controls obtained from the hospital dischargesregeste analysed

the rate of spontaneous abortions was 22.6% (p<0.05) compared to control with 9.2% when
exposed to ethylene oxide. These analyses essentially confirm the findings of the questionnaire.
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A crosssectional study byrRowland (1996) on adverspregnancy outcomes was based on 1320
women whose most recent pregnam@s conceived while working futime as dental assistant. 32
women reported exposure to ethylene oxide, unexposed comprised the control group. Neither
detailed information on timing oéxposure during pregnancy nor measurements of exposure are
available; no information on the ethylene oxide sterilization system used is availdide. T
occurrence of spontaneous abortion and anelpostterm deliveryis also based on seléporting.

The ageadjusted relative risk of spontaneous abortion among ethylene-expdsedwomen was

2.5 (95% confidence interval [CH 1.0/ 6.3); the relative risks of piterm births (21 37 weeks)

and post erm births (042 weeB8p) and2T (85% L1=70.716.95 % CI
respectively. Using a logistic model, ethylene oxéposed womewere 2.7 times (95% GI 1.2

6.1) more likely to have any of the three adverse pregnantyomes after adjusting for age.
Adjustment for unscavenged nitrous oxide esqgpeandhigh amalgam usgielded a relative risk of

2.5 (95%CI=1.66.1); further adjustment famoking yielded a relative risk of 2.1 (95% €D.7

5.7).

GresieBrusin (2007)investigated the association between ethylene oxide exposure and adverse
repraductive outcomes (spontaneous abortions, stilll@rtipregnancy loss) in a province in South
Africa. Information on the evolution and outcome of the pregnancy was gathered from the mother
using a questionnaire. Information on exposure to ethylene oxiilegdoregnancy was obtained

from three sources, namely walkrough surveys, questionnaitellected data and measurements

of the levels of ethylene oxide in sterilising units at the time of the study (personal and static
sampling). The study population rgisted of 98 singleton pregnanci@$iere was a significantly
increased risk of spontaneous abortipreyalence odds ratiBOR = 20.8, 95% CI = 2-:199) and
pregnancy loss (POR = 8.6, 95% CI =-4R87) for pregnancies highly exposed to ethylene oxide
compared to low exposed pregnancies. No associations were found between exposure to ethylene
oxide and stillbirth.

The effect of paternal exposure to ethylene oxide on spontaneous abortions was assessed by
Lindbohm (1991) in the course of a survey on pateoccupational exposure to mutagenic agents.
Information was gathered from Hospital Discharge Register, questionnaires and the central
statistical office of Finland. Assignment of exposure status was made on the basis of occupational
titles and industry99 186 pregnancies were included in the analysis but only 10 pregnancies were
assigned to paternal ethylene oxide exposure (n=10) resulting in 3 spontaneous abortions (n=3). An
increased risk of spontaneous abortion (odds ratb7; 95% Cl= 1.2 18.4 wasshown. Other
potential confounding factors, such as previous abortions and alcohol and tobacco consumption,
were not considered in the analysis.

Due to the size and the solubility of ethylene oxide it can be assumed plaaseés the placental
barrier. A study by Stedingk (2011) show thtte in vivo dose of ethylene oxide in fetal and
maternal blood is about the same and that the placenta gives negligible protection of the fetus to
exposure

4.11.3 Other relevant information

No further information available.

4.11.4 Summary and discussion of reproductive toxicity

Effects onsexual function and fertilityseealsoTable65):
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Fertility of female rats was impairedhen exposed th0Oppmethylene oxide during premating and
gestation A significantreduction of the median number of implantation sited and pubs born was
observed (Snellings, 1982c). Exposure only during gestation had no effects on litter size or
resorptions (Snellings, 1982b). Tlsame picture is seen by Hard{h983 were exposure to
150ppm during premating and gestation resulted in significant increase in the incidence of
resorptions whereas exposure only during gestation showed no effects. Mice gxpasa&ithg for
several days to 300 or 1200pg@eneroso, 198 Bhowed a significameduced number of implants

at 300ppm and significant elevated percentage of resorptions at 300 and 1200p8% and
41.1% respectively)No effects were seen in rabbits at 150pgxposed during gestatidiiardin,

1983).

Effects on male fertility wereegnin rats, mice, guinea pigs and monkeys. Degeiveratf tubules

of the testes wadescribed in guinea pigs at 357ppm (Hollingsworth, 1956) and rats at 204ppm
(Hollingsworth, 1956) or 250ppm (Mori, 1991). Abnormal sperm heads are documented in rats at
250ppm (Mori, 1991) and in mice at 200ppm (Ribeiro, 1987). At 250ppm reduced weights of
epididymidis in rats (Mori, 1991 and 1989) and testis in mice (Snellings, 1984) have been observed.
Degeneration of sperm cells with germ cell recovery at @8ka has éen observed by Morilf89
combined with an increased GST activitythe course ofhe experimentin monkeys a decrease in
number and mobility of spermatozoa was observed (Lynch, 1984b).

Ethylene oxide as a small molecule is assumed to pass thetbkimdbarrier. But Brown (1986)
described a reduced concentration of ethylene oxide in the takbsit 50% and 20% of other
tissue ethylene oxide concentrations in mouse and rat respectivierefore in the PBP#hodel

by Fennell (2001) a diffusion litation was incorporated for the testis for better agreement between
model prediction and the observed valuesn&zquently itcan be assumed that in the above
mentioned studies the final concentration of ethylene oxide in the testis was lower tharr in othe
tissues.

Elimination of Bhylene oxidein rodents occurs primarily by glutathione conjugation and by
hydrolysis to ethylene glycol. In contrast, hydrolysis appears to be the major pathway for
metabolism of EO in dogs and rabbits. Humans are known tcetextroth ethylene glycol
(hydrolysis) and Nacetyt(2-hydroxyethyl)cysteinéglutathione conj.YFennell, 2001)The major
amount of ethylene oxide is metabolized humansby hydrolysis, only 20% are converted to
glutathione conjugates and there is ldtlchange in metabolism with increasing exposure
concentration. In mice and rats a higher portion of ethylene oxide is metabolized by GSH
conjugation (80% and 60 % respectively) resulting in a depletion of GSH at higher exposure
concentrations (100ppm anttave) and notlinearity in metabolic elimination of ethylene oxide
(see also Chapter 4.1).

Table 65: Summary of effects on fertility after inhalation of ethylene oxide

Reference| Species| Exposure | Dose Effect seen Parenal | NOAEC

time resulting in| . toxicity | (fertility)
effects on (significant  effects

fertlllty marked with ’)

Female fertility

Snellings, | rat Premating + 100ppm Lower fertility index| no 33ppm
1982c cohabitation (m, f)
+ gestation

Longer gestatior
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6h/d period*
# pubs bori*
# implantation sites
Z *
Snellings, | rat GD 6-15, | - - (no effects seen) NO  (body | 100ppm
1982b 6h/d weight gain
was not
monitored)
Hardin, rat Premating + 150ppm # resorpt|yes -
1983 gestation (increased
spleen and
7hid weights,
decreased
bw)
GD 1-16 -
no
7h/d
Generoso,| mice Premating | 300ppm # 1 mpl*ant |- (nat | -
1987 6h/d reported
% resorpt
Hardin, rabbit | GD1-19, - - no 150ppm
1983 7h/d
Male fertility
Hollingsw | Guinea | ~6 months| 357ppm Degeneration 0] yes -
orth, 1956 | pig 7h/d tubules (moderate
growth .
Replacement fibrosis depression)
Hollingsw | rat ~6 months| 204ppm Small testes, sligh Yes -
orth, 1956 7h/d degeneration 0| (reduced bw)
tubules
Mori, rat 13 weeks | 250ppm Epididymal  weightl No -
1991 6h/d z
Slight degeneratior
of seminif. ubules
Decreased sperr
countin tail+body of
epididymis *
Increased number ¢
abnormal spern
heads*
50ppm
Abnormal spern
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heads teratic type*

Mori, rat up to 13| 500ppm Testes weight (rel.| No -
1989 weeks 6h/d Z* (time dependent)

Epididymis  weight
(rel *) (time
dependent)

Degeneration  an
exfoliation of germ

cells

GST* §

Recovery at 13

weeks
Snellings, | mice 10 weeks| 250ppm Test es *we | YeSeffects| -
1984 6h/d on RBC and

HB)

Ribeiro, | mice up to 5| 200ppm Abnormal sperm - -
1987 weeks 6h/d heads*
Lynch, monkey| 24 months| 50ppm Decreased numbg No -
1984b 7h/d and mobility of

sperms

Developnental toxicityin offsprings(Table66):

Ethylene oxideexposure of rats during GD-¥6 or during premating and gestatioesulted in
significantly deceased fethbdy weights at 100ppm (Snellings, 1982ahyl 150ppm (Hardin, 1983)
or in a concentratiolependent reductioaf fetal weights of 4, 5 and 10%t 50, 125 or225ppm
(NeeperBradley, 1993). Nosignificant variations in ossification werksa seen in these studies.

Short duration exposure of rats during GEL% to high ethylene oxide concentrations revealed
reduced fetal body weights at 800 and 1200dprh not at 400ppm (Sadhfait, 1996). Single
exposureon GD7 at 2700pprvh resulted in decreased fetal body weight, decreased emanvp

length and increased incidence of eye defects (Weller, 1999). Eye defects were also seen in mice
exposed once after riidg to high concentrations (Rutledge, 1989; Weller, 1998jravenous
administrationin mice at four periosl during gestatioshowed significant reduction in fetal body
weight at 150mg/kg bw and significant increase of malformations of the déhacecic skeleton
(LaBorde, 180).

Rabbits showed no adverse effects when exposed to 150ppm ({tinfidy) gestation (Hardin,
1983).

Table 66: Summary of studies on developmental toxicity of ethylene oxide

Reference | Species| Exposure | Dose Effect seen Parental NOAEC
time resulting | (significant effectq toxicity (at| (dev.)
in effects | marked with *) effective
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concentration)
Snellings, | rat GD 615 |100ppm |Fet al*, b w|no @u body| 33ppm
1982b 6h/d nonsignif. :}V;'%:‘éng;'g d)WaS
variations in ossif.
Hardin, rat GD7-16 or| 150ppm |In all exposure -
1983 GD 116 groups: Vrv‘gr}/esexggs'i ]
or Fet al*, b w]| pem+cD116)
perm+GD Crown-rump-
1-16, 7h/d l engyt hZ
Red. skeletal ossif
Hardin, rabbit | GD7-19 or| - - no 150ppm
1983 GD 1-19,
7h/d
Neeper rat Gd 615, | 50ppm Fet al (dose NO (no clinical| -
Bradley, 6h/d dependent) signs of toxicity)
1993
125ppm | Skeletal variations|
at 125 and Yes (reduced
250ppm we;gihtgg)]?\lr;; Ilveyr/
Saillenfait, | rat GD 615 |[800ppm |(Fet al* bw]|No 400ppm
1996 (3x0.5h)
Saillenfait, | rat GD 615 |- - No 1200ppm
1996 (1x0.5h)
Weller, mice GD7 2100ppmh| All concentrations] Yes  (weight | -
1999 (single or resorpti Icoosns(,:d)eath at high
exposure) | 2700ppmh| b w  *, Z crown '
rumpl en §,t h
eye defe
LaBorde, mice V. 150ppm |Fet al b w|yes 75ppm
1980 3 days Malformations
during GD (cervical/thoracal
6-8 skel eton
Rutledge, | mice 1h or 6h| 1200ppm | Number of live| - -
1989 after foetuses Z
mating, abnormal foetuse
(2.5h (hydrops, eye
single defectsy
exposure
on GD 1
or 6)

The mechanism by which ethylene oxide induces develofahandfertility toxicity is not known.

It is likely that protein and DNA alkylation are involved in inducing developmental toxicity (US
EPA, 2010) In testicular toxicity potein alkylation particular alkylation of enzymesnay be
involved (Mori, 1989).
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4.11.5 Comparison with criteria

Known or presumed human reproductive toxicambstances are classified in Category 1 for
reproductive toxicity when thegre known to have produced an adverse effect on sexual function
and fertility, or on development in humans or when there is evidence from animal studies, possibly
supplemented with other information, to provide a strong presumption that the substatiee has
capacity to interfere with reproduction in humans. The classification of a substance is further
distinguished on the basis of whether the evidence for classification is primarily from human data
(Category 1A) or from animal data (Category 1B).

Suspead human reproductive toxicantilsstances are classified in Category 2 for reproductive
toxicity when there is some evidence from humans or experimental animals, possibly supplemented
with other information, of an adverse effect on sexual function anditjerir on development, and
where the evidence is not sufficiently convincing tocpldhe substance in CategoryAldverse

effect on reproduction is considered not to be a secondargpemific consequence of the other
toxic effects.

Male reproductiveorgans were affected in several species after exposure to ethylene oxide for
several weeks to months. In male rats exposed to about 200ppm reduced weight of testis and
epididymis, small testis, degeneration of seminiferous tubules, abnormal sperm heads wer
described. At 357 ppm degeneration of seminiferous tubules and replacement fibrosis was seen in
guinea pigs, while abnormal sperm heads and reduced testis weight were already seen at 200 ppm
and 250 ppm in mice. Slight impairment (reduced number andit,mofi sperms) in monkeys was

noted at 50ppm.

Female rats exposed to 100ppm during premating showed reduction of implantation sites, increased
resorptions and number of pubs hofemale micerevealedreduced number of implants and
increased number ofgerptionsat 300 ppm.

After exposureof ratsto ethylere oxide reduced fetal body weights at 100ppm, reduced erown
rump length at 150ppm and variations in ossification (at 100ppm) as well as eye defects after single
exposure to high concentrations were nseShort time exposure showed effects at higher
concentrations (800ppm). Intravenous exposure also resulted in reduced fetal weight and skeletal
malformationgcervicalthoracal).

In rabbits no developmental toxicity or effects on fertility were seban exposedo 150 ppm
during gestation (without premating exposure)

The available studies indicate that rabbits, which metabolise EO mainly via hydrolysis, are less
susceptible to EO reproductive toxicity than animals like rat and mouse, which metd&©lise
mainly via glutathione conjugation. In humans EO is mainly metabolised via hydrolysis (80%) and

to a lesser extent via glutathione conjugation (20%). However, the information on the differences in
metabolism and its potential link to reproductive tayids insufficient to exclude the relevance of
reproductive effects seen in several animal species for humans. Additionally, some reproductive
toxicity has also been observed in humans (increased spontaneous abortion in exposed humans),
although it has tdbe noted that the information on EO exposure in the available human studies was
not detailed enough to draw a firm conclusion.
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4.11.6 Conclusions on classification and labelling

The available data show that ethylene oxide is toxic to male reproductive orgarasfeuts
pregnancy outcomes (reduced number of implantations) in female animals at concentrations of
100ppm and above. Developmental Toxicity (increased number of resorptions, reduced number of
pubs born,reducedfetal body weights, reduced length and &hons in ossification, skeletal
malformations(cervicalthoracal) and malformation of the @yeccurred in the same order of
magnitude. Additionally some effects (increased spontaneous abortions) were also reported in
humans, though these data in humaagehsome deficiencies (insufficient information on exact
exposure). The available knowledge on differences in metabolism among different species,
including man, is considered insufficient to conclude that the reproductive toxicity seen in several
animal sgcies is not relevant for humans.

Overall it can be concluded that EO has the potential to affect male reproductive organs and female
fertility and a potential for developmental toxicity cannot be excluded. These effects are not
considered attributable twecondary unspecific toxicity. However, as there are some uncertainties
related to the data base, a classification in Category 1B appears not justified, but Category 2
(suspected human reproductive toxicant) is proposed.

Ethylene oxide should be classdias Repr.2, H361fd.

RAC evaluation of reproductive toxicity

Summary of the Dossier Submitterdés proposal

Fertility

The dossier submitter proposed to classify ethylene oxide as Repr. 2 for fertility effects. This

was based on the studies by Snellings et al. (1982c) and Hardin et al. (1983), where
exposure of rats to 100  -150 ppm during pre -mating and gestation resulted in the reduction

of the median number of implantation sites and pups born (Snellings et al. , 1982c) or a
significant increase in the incidenc e of resorptions (Hardin et al. , 1983). Also, mice exposed
via inhalation to ethylene oxide at pre -mating for several days showed a significantly reduced
number of implants at 300 ppm and significantly elevated percentage of resorptions at 300

and 1200 ppm (10.8% and 41.1%, respectively; Generoso et al. , 1987). In addition, there
are studies showing degeneration of the seminiferous tubules in guinea pigs and rats at the

sub -chronic exposures to 200 -357 ppm (Hollingsworth et al. , 1956, Mori et al., 1991).
Abnormal sperm heads have been reported in rats at 250 ppm (Mori et al ., 1991) and in
mice at 200 ppm (Ribeiro, 1987). In addition, changes in testis and epididymal weights in

rodents have been reported at these dose levels (Mori etal ., 1991 and 1989; Snell  ings etal. ,
1984). On the basis of these data, the DS concluded that ETO has a potential to affect male
reproductive organs and female fertility, and that the effects are not attributable to

secondary unspecific toxicity. However, since there were some un certainties related to the
studies (e.g. limited data on the parental toxicity), the DS considered a classification as Repr.

2, H361f (suspected human reproductive toxicant) for fertility more appropriate than Repr.

1B.

Developmental effects

The DS propose d to classify ETO as Repr. 2 for developmental effects. This is based mainly
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on reductions in foetal body weights seen in three rat studies with exposure to ETO during

the gestation period at 100 -150 ppm. Also reduced crown -rump length and variations in
ossification were described. After single high dose exposure, eye defects were reported in

two studies in rodents. One study with intravenous exposure showing reduced foetal weight

and skeletal malformations (cervical/thoracic) were used as supportive eviden ce, as well as
data on spontaneous abortions in humans.

Comments received during public consultation

One MSCA supported classification as Repr. 2 ; H361fd, while one MSCA considered
Category 1B more appropriate. One manufacturer did not support the classifi cation proposal
for developmental toxicity and considered the fertility effects seen in animal studies to not be

conclusive.

Assessment and comparison with the classification criteria

Effects on fertility in animals

Snellings et al. (1982c) performed a one  -generation study (similar to OECD TG 415) in
Fischer 344 rats. Inhalation exposure levels were 10, 33 and 100 ppm and exposure started

12 weeks before mating and continued until day 21 after parturition. Two concurrent control

groups exposed only to air w ere used. The major effect observed was the significantly (p <

0.001) lower median number of pups born at 100 ppm exposure group compared to the

medians of both control groups. The medians for the 33 ppm, 10 ppm, and the two air -
control groups were 9 or 10 pups, whereas the median was 4 for the 100 ppm exposure
group. Also the median number of implantation sites per pregnant female was lower in the

100 ppm group than in control groups (see table below). The ratio of the number of foetuses

born to the number of implantation sites per female was also decreased. There were no
treatment -related effects on body weight gain of pups or parental animals. No pups were
found dead at parturition and there were no statistically significant effects on the survival

rate o f the Fla generation.

Table: Reproductive effects in rats exposed to ethylene oxide via inhalation from pre -mating to weaning
(Snellings etal. , 1982c).

Parameter Exposure (ppm)

100 33 10 0 (control 0 (control
1! 2)*

Number of females

A 17/27 (63%) | 25/28 (89%) | 25/30 (83%) | 24/29 (83%) | 19/28 (68%)
pregnant

Number of males
proven fertile ®

Litters totally resorbed 2 0 0 0 0
Numbers of pups at

15/22 (68%) | 20/23 (87%) 19/23 (83%) 17/21 (81%) | 12/20 (60%)

day O postpartum 64 212 237 222 174
Numbers of pups  born 0 1 3 0 .
dead

Median number of

stained implantation 6.0* 11.0 11.0 11.0 10.0

sites per pregnant rat
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Median number of
foetuses born per

number of 57+ @ 90 92 92 100
implantation sites
(x100)
a ratio of number of pregnant rats to number mated less number of non -pregnant rats mated for only
one mating.
b ratio of number of males proven fertile to number mated less number mated for only one of the two
matings
* p < 0.001 for comparison to control 1 and 0.001 > p > 0.001 9 for comparison to control 2

* (1) p <0.001 in comparison to either control group
! two control groups were used so that normal variability between similarly treated concurrent control
groups could be evaluated

Exposure of female rats to 150 ppm of ethylene oxide from three weeks bef ore mating until
parturition showed statistically significantly increased incidence of resorptions (Hardin et al. ,
1983, summarised by Hackett et al. , 1982, see table below). This was accompanied by
decreases in maternal body weight and increased kidney an d spleen weights. When rats were
exposed to the same air level of ETO only during gestation (Groups 2 and 3, table 2), no

effects were seen. Similarly, in rabbits exposed only during the gestation, no effects were

seen.
Table: Maternal and reproductive ef fects in rats after exposure to 150 ppm ethylene oxide (Hackett et
al., 1982).
Parameter Exposure groups
Group 1 Group 2 Group 3 Group 4
Unexposed Exposed GD7 - | Exposed GD1 - 3 weeks
16 16 premating + GD
1-16
Maternal body weight (g), mean values, (% redu ction)
Premating day 21 278 277 ( -0.34%) 280 (+0.72%) 267* ( -3.96%)
GD 6 298 298 (0%) 293 ( -1.68%) 279* ( -6.38%)
GD 11 315 314 ( -0.32%) 308 ( -2.22%) 295* ( -6.35%)
GD 16 339 335 ( -1.18%) 328 ( -3.24%) 317% ( -6.49%)
GD 21 382 381 ( -0.26%) 378 ( -1.05%) 360* ( -5.76%)
Reproductive parameters
No. live litters/no. 41/41 41/41 41/41 38/39
pregnant
No. implantation 14.7 14.0 14.8 14.3
sites/dam
No. resorptions/litter 0.75 0.71 0.92 1.60*
No. foetuses/litter 13.9 135 13.8 12.7

*Significantly different fro m control, p < 0.01

Generoso et al. (1987) exposed female mice to ethylene oxide at 1200 ppm (2160 mg/m 3

9 Reported here exactly as in the CLH report but one of the numbers is presumably 0.0001 or 0.01. ECHA was unable toosigtesisstioely
report and could not find the info the CSR in order to confirm.
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for 1.5 h/d for 4 consecutive days before mating or at 300 ppm (540 mg/m 3) for 6 h/d for 10
exposures over a 14  -d premating period. Exposure to 300 p pm (540 mg/m  3) for 6 h/d for 10
days over mating period resulted in the reductions in the number of implants per female and

increased percentage of resorptions (41.1% vs. 6.4% in controls). Exposure to 1200 ppm
(2160 mg/m 3) for 1.5 h/d for 4 consecutive da ys before mating resulted in significant, but
less pronounced increase in resorptions (10.8% vs. 3.0% in controls). Mid  -gestational deaths

and late foetal deaths were slightly but not statistically significantly elevated; the loss of
conceptuses was 15.7%  at 1200 ppm and 58.2% at 300 ppm, showing that exposure to the
lower concentration for a longer time was more effective than the high concentration for a
short time. It should be noted that these dose levels are already rather high and may result

in GSH de pletion and reduced elimination of ETO.

In addition, there were several studies describing effects of ethylene oxide on the male testis
or sperm counts/morphology.

An old study by Hollingsworth et al. (1956) described slight degeneration of testes in rats

after sub -chronic exposure to 204 ppm of ETO. In guinea pigs exposed to 357 ppm, more
appreciable testicular degeneration was observed. No information on sperm counts or
reproductive performance is available. The effects were accompanied by depressed growt h of
the exposed animals.

In a more recent study, effects on sperm morphology have been described by Mori et al .
(1991) after exposure to 50, 100 and 250 ppm of ETO for 13 weeks. At 250 ppm, a
statistically significant decrease in epididymal weights (1.06 vs. 1.32 @), but not in the

weight of testis was observed. No differences in the body weights were seen between control

and treated groups. Food intake of the control group was restricted to the level of that of

high dose group. The number of abnormal spe rm was increased statistically significantly (p <
0.01) at 250 ppm but not at lower exposure levels. When these were subdivided to immature

(with sperm heads resembling spermatocytes) and teratic type (e.g. with amorphous or
pycnomorphous sperm head) of sp erm, the number of immature sperm was increased at 250
ppm (p < 0.01) and the number of teratic type sperm heads was increased in all treated
groups (p < 0.05), but not in relation to the concentration of ETO. Histopathology showed

slight degenerations (re duced diameter, focal vacuolisation, germ cell loss) in the
seminiferous tubules at 250 ppm. At lower doses seminiferous tubules remained normal.

In an earlier study by Mori etal. (1989), inhalation exposure of rats to 500 ppm of ETO for 2,

4,6 or 13 wee ks resulted in time dependent decrease in the relative weights of the testes

and the epididymis of the exposed group while body weight gain of the exposed group was

not different from control (see table below). Light microscopic examination revealed

degene ration and exfoliation of germ cells. At 2 weeks, disorder of the arrangement and mild
degeneration of seminiferous tubules were observed. At 4 weeks, the degeneration of mature

spermatids became conspicuous and the nuclear vacuolisation of immature round spermatids
was also observed. At 6 weeks, all types of germ cells including spermatogonia and
spermatocytes degenerated and exfoliated, and mature spermatids almost completely
disappeared. At 13 weeks, germ cell reduction was prominent in approximately hal f of the
seminiferous tubules and they contained only Sertoli cells. Some seminiferous tubules were

reported to show germ cell recovery at 13 weeks compared with 6 weeks. Plasma
testosterone concentration was not affected. In spite of the inhibition of the activity of
glutathione reductase at all time points and alterations of glutathione peroxidase activity,

GSH concentration in the testes was not affected. Glutathione -S-transferase (GST) activity,
the major enzyme detoxifying ethylene oxide in the testis, increased during the course of
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exposure.

Table: Effects of ETO on relative testicular eights and epididymal weights (mean + SD) (Mori, 1989).

Exposure Rel. testicular weight (%) Rel. epididymal weight (%)
eriod

?week) control 500 ppm ETO control 500 p pm ETO

2 1.248 + 0.101 (6) 1.302 + 0.183 (6) 0.308 + 0.056 (6) 0.314 + 0.062 (6)

4 1.129 + 0.087 (6) 0.924 + 0.060 (6)* 0.344 + 0.004 (6) 0.297 + 0.016
(6)**

6 1.117 £ 0.049 (8) 0.602 + 0.059 (8)** 0.347 £ 0.018 (8) 0.248 + 0.035
(8)**

13 1.006 £ 0.066 (8) 0.466 + 0.113(8)** 0.344 +0.042 (8) 0.204 * 0.029
(8)**

*p<0.01; *p<0.001

Ribeiro et al. (1987), exposed mice for 1, 3 or 5 weeks to 200 and 400 ppm ETO to target

the three stages of germ cell development: spermatozoa, spermatid and prelept otene
spermatogonial cells and evaluated the frequency of abnormal sperm cells. Statistically
significant increases in the number of abnormal sperm were observed at all time points at

both doses (see table below). Sperm changes as a result of treatment of spermatogonia in
the preleptotene stage may be correlated with the mutagenic potential of ETO. Effects

observed as a result of exposure of spermatozoa (1 week before the sacrifice) may be

related to the interference of spermatozoa differentiation process.

Table: Frequency of sperm head abnormalities after treatment with ethylene oxide (6 h/d) and

cyclophosphamide (CPA, positive control) at different stages of spermatogenesis (Ribeiro etal. , 1987).
Group | Treatment Sacrifice week Populatio n of | No of | No of | Sperm abnorm.
after treated cells mice cells %
treatment scored
(mean+SD)
1 ETO | O ppm 1 Spermatozoa 10 10000 1.76 £0.5
ETO | 200 ppm 10 10000 3.02 £ 0.5*
ETO | 400 ppm 10 10000 3.95 + 0.6**
CPA | 100 mg 5 5000 3.12+0.7*
2 ETO | O ppm 2 Sperm atid 10 10000 162+04
ETO | 200 ppm 10 10000 3.62 + 0.6**
ETO | 400 ppm 10 10000 5.81 + 1.5**
CPA | 100 mg 5 5000 2.60 + 0.8**
3 ETO | O ppm 3 Spermatogonial 10 10000 1.32+04
cellsin
ETO 200 ppm preleptotene 10 10000 2.32 + 0.5**
ETO | 400 ppm 10 10000 5.54 + 1.4*
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CPA | 100 mg 4000 10.40 = 1.6**

**Statistically significant at 0.01 level

There is also one study on Cynomolgus monkeys in which a decrease in the number and
mobility of spermatozoa has been observed after exposure to 50 p pm and 100 ppm ethylene
oxide by inhalation exposure for 7 h/d, 5 d/wk, for 24 months. Exposure to 100 ppm resulted

also in significantly decreased body weight (Lynch, 1984, cited in NEDO, 2004, original study

report not available).

Developmental effects i n animals

Snellings et al. (1982b), exposed Fischer 344 rats to 0, 10, 33 and 100 ppm ethylene oxide
vapour (6 h/d) on day 6 through 15 of the gestation period. No treatment related effects on
maternal survival, litter size, number of implantation and reso rption
preimplantation losses were seen. Exposure to 100 ppm resulted in a statistically significant
depression of body weight (see table below), but no changes in crown -rump length. No
statistically significant increases in skeletal or visceral variations were seen; vertebral
variations were only slightly (non -significantly) elevated: 11% of the foetuses (in 42% of
litters) showed these variations at the high dose, whereas in two control groups the
incidences were 5 -7% (in 18 -19% of the litters). Renal pelvic dilatation occurred in 29% of

the pups (in 78% of the litters) at the high dose vs 20 -28% of the pups (in 59  -81% of the
litters) in two control groups. Since no information on maternal weight gain was given, it is

unclear if these effects wer e specific developmental effects or related to maternal toxicity.

sites and

Table: Effects of ethylene oxide on foetal body weight after exposure during GD6 -15 (Snellings et al. ,
1982b).
Observations Exposure group (ppm)
Control | Control Il 2
100 33 10 (air) 0 (aif) 0
Weight male foetuses (g)
. 3.1*+0.2 3.3+03 3.3+03 34+04 3.3+0.2
[Mean of litter means + SD]
Weight female foetuses (g)
. 29*+0.1 3.1+03 3.0+03 3.1+03 3.0+0.2
[Mean of litter means + SD]
Crown - rump length (male) 36+ 1 36+2 37+1 37+1 36+1
(mm)
Crown - rump length (female) 351 352 361 352 351
(mm)
@ two control groups were used so that normal variability between similarly treated concurrent control
groups could be evaluated
In the study by Hardin et al. (1983, reported in Hackett et al. , 1982), small reductions in rat
foetal body weight and crown -rump length were seen after exposure to 150 ppm ethylene
oxide for 7 h/d for different periods of gestation (see table below). Reduced skeletal
ossificatio n was also observed. No significant effects on maternal body weight or other signs
of maternal toxicity were observed (maternal parameters are summarised in the table in the
chapter fAEffects on fertilityd (above) and in Ta
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No effe cts were seen when rabbits were exposed to the same levels of ETO on GD 1 -19o0r7 -
19 (Hardin et al. , 1983, reported in Hackett etal. , 1982).
Table: Developmental effects in rats after exposure to 150 ppm ethylene oxide (Hackett et al. , 1982).
Maternalan d fertility effects have been summarised in the
(above).
Exposure groups
Group 4
Parameter Group 1 Group 2 Group 3 3 weeks
Unexposed GD 7-16 GD 1-16 premating + GD
1-16

Foetal parameters

Weight of femal e (g) 3.56 3.35* 3.23* 3.12*

Weight of male (g) 3.73 3.563* 3.47* 3.34%

Crown -rump length 36.1 353+ 34,7+ 34.8*

(mm) female

Crown -rump length 36.5 36.1* 35.8% 35.6%

(mm) male

Morphologic alterations

(Number of foetuses per number of litters; number in parentheses are percentage of affected litters

relative to controls)

Reduced ossif., skull 3/2 (4.9) 16/9 (22.0)* 10/9 (22.0)* 14/10 (26.3)*

eS| OESir, 69/23 (56.1) 145/36 (87.8) 159/36 (87.8)* 155/33 (85.8)*

sternebrae

* pb0.05,

compatobd with

con

Neeper -Bradley (1993, abstract only) reported concentration -dependent reductions in foetal
weight in rats after gestational exposure to 50, 125 and 225 ppm of ethylene oxide.
Reductions were approximately 4%, 5% and 10% of control values. Reductions i

body weight gain and food consumption were observed at the highest dose. Mid
resulted in reductions in maternal body weight gain. Increased incidences of skeletal
variations (n=12, primarily unossified or poorly ossified areas) were noted i n the 225 ppm
group; in the 125 ppm group, three variations were observed.

n maternal
-dose

Saillenfait et al. (1996) exposed rats either (1) for 0.5 h once a day to 0, 400, 800 or

1200 ppm ethylene oxide; or (2) for 0.5 h three times a day to 0, 200, or 400 ppm, or 800

or 1200 ppm ethylene oxide at GD 6  -15. Single daily exposures showed no effects on
maternal weight gain, no adverse effects on resorptions and no external or skeletal
malformations. Increased incidences of dilated renal pelvis and ureter were observed at 1

1200 ppm, but the toxicological significance was doubtful due to the wide variations in renal
development. In addition, these findings were not seen in 3 x 400,3 x 800o0r3 x 1200 ppm
groups. Three times per day exposures affected maternal weight gain at 1200 ppm and
foetal body weights were significantly reduced (p < 0.01) at 3 x 200 ppm (not considered
toxicologically significant due to the unusually high weights in the concurrent control group

and the fact that at 3 x 400 ppm no effects were seen), 3 x 800 ppmand 3 x 1200 ppm. No
other signs of foetotoxicity were seen.

Weller etal. (1999) studied the effects of single 1.5, 3, or 6 h exposures to ETO at GD 7 in a
study designed specifically to test the appl0. Thel
test was performed in mice. At dose levels resulting in clinical signs of toxicity in the majority
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of maternal animals, increased resorptions, significantly decreased foetal body weight,
decreased crown -to-rump length, and significantly increased in cidences of eye defects
(microphthalmia, anophthalmia) were seen. Doses higher than 1350 ppm x 3 h resulted in

significant mortality of the dams. The study shows that the effects observed in foetuses were

related to the high acute exposures and did not fol |l ow Haberds | aw. At 3
significant differences in developmental parameters were identified, whereas e.g. 1400 ppm

x 1.5 h resulted in both severe maternal and foetal toxicity. Although foetal toxicity
manifested as foetal deaths and decrease d body weight gain are likely to be related to
maternal toxicity at high short term doses, eye defects were also induced in this study. It is
uncertain whether these malformations can be attributed to maternal toxicity. Eye defects
observed in this study a  re summarised in the table below.

Table: Eye malformations caused by single high level exposure on GD7 to ethylene oxide in mice
(Weller etal ., 1999).

Dose Maternal Maternal % of dams No of | No of live | Mal-
ppm x h deaths weight loss | with clinical Pregnant foetuses formations*
%) after sympto.ms females n (%) n (%)
exposure at 30 min#
n (%)

)
0 2 (1.3%) 1.9 4.8 86 (56%) 566 (89%) 39 (7%)
1400 x 1.5 | 3(7.7%) 7.2 100.0 8 (22%) 21 (34%) 7 (33%)
700 x 3 0 6.6 81.6 22 (54%) 139 (82%) 53 (40%)
350 x 6 0 4.7 53.1 19 (58%) 138 (91%) 20 (15%)
1800 x 1.5 41 (56.2%) 13.0 100.0 3 (9%) 8 (36%) 7 (88%)
1543 x | 15 (65.2%) 13.5 95.7 1 (13%) 6 (86%) 6 (100%)
1.75
1350 x 2 27 (35.5%) 11.4 100.0 7 (14%) 10 (50%) 3 (30%)
900 x 3 1 (2.0%) 8.8 98.0 11 (23%) 59 (69%) 34 (58%)
450 x 6 0 6.2 95.1 20 (40%) 120 (81%) 13 (11%)

*majority of malformations were eye disorders (anophtalmia, microphtalmia) # depressed movement
or arousal, crusty eyes, laboured breathing.

When female mice were exposed to 1200 ppm ethylene oxide fo r 1.5 h (single exposure) 1,
6, 9, or 25 h after mating a marked reduction in the number of live foetuses was seen after
exposure to ETO 1 h after mating (6 foetuses per dam versus 9.72 for controls) and 6 h after

mating (1.81 foetuses per dam versus 10.11 for controls) (Rutledge et al. , 1989). Also the
incidence of abnormal foetuses increased when females were exposed 1 h (14.7% versus

0.2% for controls) and 6 h (39.2% versus 1.7% for controls) after mating. The predominant

types of abnormalities were hydr ops and eye defects. Defects in the limbs and tail occurred

in females exposed 6h after mating. Other abnormalities included abdominal wall defect, cleft

palate, exencephaly, and small size. Inhalation exposure to 1800 ppm 6 h after the mating

resulted in significant increases in foetal deaths. Also the number of defective living foetuses

per dam significantly increased, whereas the number of living foetuses per dam decreased.

Most dead foetuses were hydropic.

142




ANNEX 1 - BACKGROUND DOCUMENTTO RAC OPINION ON EHYLENE OXIDE, OXIRANE

In the study by LaBorde (1980) in mice, intrave nously administered ethylene oxide at days
47 6 (Period 1), 6 7 8 (Period I), 8 1 10 (Period Ill), and 10 1 12 (Period IV) of gestation resulted
in signs of toxicity (weakness, tremors, laboured respiration and death) among the maternal
animals at the highest do  se level of 150 mg/kg bw/d. Also significant decreases in mean
maternal body weight gains were seen during treatment periods I, Il and IV. Exposure to

150 mg/kg bw/d resulted also in a significant reduction in mean foetal body weight in all four
treatment  periods and in a significant reduction in the mean number of live foetuses in
treatment periods Ill and IV. A significant increase in the percentage of malformed
foetusesllitter was observed in Periods Il and IV at this dose level. Approximately 19% of the
foetuses in each litter from maternal animals treated with 150 mg/kg bw/d ethylene oxide in

Period Il had some types of malformations, including fusion of the cervical and thoracic
arches, fusion and branching of ribs) (LaBorde, 1980).

Human data

Regardle ss of wide -spread use of ETO there are only a few studies on the reproductive
effects in humans. One early Finnish study (Hemminki et al. , 1982) among sterilising staff
employed in Finnish hospitals in 1980 showed an increased frequency for spontaneous
abortions: according to the questionnaire -based data from sterilising staff performing such
tasks during pregnancy, the frequency was 16.1% whereas in the control group it was 7.8%.
Supporting the questionnaire data, frequencies of 22.6% (exposed) vs. 9.2% (n on-exposed)
were obtained when the frequency data was obtained from hospital discharge registers. The

8 h TWA exposure levels to ETO in Finnish hospitals ranged from 0.1 1 0.5 ppm (with peaks up
to 250 ppm) at that time. Adjustment for age, parity, decade du ring which the pregnancy
occurred, smoking habits, and intake of coffee and alcohol did not affect the difference. The
increased frequency of spontaneous abortion correlated with exposure to ethylene oxide but

not with exposure to glutaraldehyde or formald ehyde.

Rowland et al. (1996) performed a questionnaire -based study among 1320 women whose
most recent pregnancy was conceived while working full -time as dental assistants. Thirty two
women reported exposure to ethylene oxide; unexposed women comprised the control
group. No further information on exposure was available. The age -adjusted relative risk of
spontaneous abortion among ethylene oxide -exposed women was 2.5 (95% CI = 1.0 16.3);
the relative risks of pre  -term births (21 i 37 weeks) and post -term births ( O 42 week
2.7 (95% CI =0.8 18.8)and 2.1 (95% CI = 0.7 1 5.9), respectively. Using a logistic model,
ethylene oxide -exposed women were 2.7 times (95% Cl = 1.2 1 6.1) more likely to have any

of the three adverse pregnancy outcomes after adjusting for ag e, but when the results were
adjusted for smoking, nitrous oxide exposure and high amalgam use, a relative risk of 2.1

witha 95% Cl of 0.7 1 5.7 was obtained.

A third (most recent) study (Gresie -Brusin et al. , 2007) was also a questionnaire based study
amon g female workers in sterilising units in South Africa. The study population consisted of
98 singleton pregnancies. Personal and static samplings were performed to assess exposure.

A significantly increased risk of spontaneous abortions (prevalence odds rat io (POR) = 20.8,
95% Cl =2.1 1 199) and pregnancy losses (POR = 8.6, 95% Cl = 1.8 1 43.7) was described in
females highly exposed to ethylene oxide compared to those women with low exposure. No
associations were found between exposure to ethylene oxide and st illbirth.

It should be noted that studies based only on questionnaires may be affected by recall and
reporting bias; studies evaluating spontaneous abortions are especially vulnerable to these

biases since individual recognition of early spontaneous aborti ons is likely to vary. Although
these studies suggest an association between spontaneous abortions and ETO exposure, the

142








































