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What is Ethylene Oxide?

Ethylene oxide or EO: Three-membered ring organic
compound with chemical formula
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Ethylene Oxide

IUPAC name Oxirane
1,2-Epoxyethane
Oxacyclopropane
CAS 75-21-8

Molecular formula C,H,O
Molar mass 44.052 g/mol

O ® Colourless

® Highly flammable

f E ® \/ery reactive gas
® Boiling point 10.4 °C




Ethylene Oxide Applications

Raw material in large-scale chemical production

® Ethylene glycol (antifreeze, solvents, polyester)

® Polyethylene glycol (cosmetics,
pharmaceuticals, lubricants)

® Glycol ethers (brake fluids, lacquers
and paints)
® Ethanolamines (soap and detergents)

Direct use (= 0.05% EQO global production)
® Preservatives

® Fumigants
® Sterilization of medical devices




Why has the use of Ethylene Oxide
been banned in food industry?

IARC: Group 1 carcinogen (carcinogenic to
humans)

= U.S. EPA: Carcinogenic to humans by the
‘= inhalation route of exposure + evidence supporting
mutagenicity

EU: Category 1B mutagen, 1B carcinogen, and 1B
toxic compound for reproduction and other effects




The Problem: EO as Food Fumigant

Emerging contaminant ethylene oxide residues in food

O

® Free EO is quickly removed under aerated H\ /H
conditions C C

® Slower decrease in non-aerated and sealed I_II I\_I
products

(2-CE or Ethylene Chlorohydrin)

® Formed in EO fumigated products in the OH

presence of chloride ions
® [ ess volatile (limited removal by aeration)
® Marker residue for EO use




Surge in demand for EO analysis, why?

Ethylene Oxide since 1991 in EU
MRL (mg/kg) | COMMODITY GROUP
0.02 Fruit, fresh and frozen
Vegetables, fresh and frozen, except herbs and edible flowers
Pulses
Cereals

Sugar plants
Products of animal origin, except for honey and other apiculture products

0.05 Tree nuts
Oilseeds and oil fruits
Herbs and edible flowers
Honey and other apiculture products

0.1 Teas, coffee, herbal infusions, cocoa, and carobs
Spices

e )

Ethylene oxide (sum of ethylene oxide and 2-chloroethanol

kexpressed as ethylene oxide) )




Latest Development
RASFF (Rapid Alert System for Food and Feed)

® Sep 9, 2020: Ethylene oxide residues (approx. 30 mg/kg) in
sesame seeds from India

® Follow-up actions and additional notifications for sesame seeds
and related products, leading to withdrawals/recalls in the EU
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Latest Development

L 11182 Official Journal of the European Union 1182022

COMMISSION REGULATION (ELT) 2022{1396
of 11 August 2022

FOOD ADDITIVES

Amendment of COMMISSION L i L AL BT
REGULATION (EU) No 231/2012 R
(Effective from 1 Sep 2022) T

Havimg re 1 Regulation [EC) No 1333{2008 of the European Parliament and of the Council of 16 December 20408 on
food ;gnld.:ﬁavﬁ [‘}.Eﬁeﬂ in particular Asticle 14 thereod,

Specifications for food s 0030 10 o 0y e of o 1 e

particular Article 715) thersof,

additives (e.g. thickening e
{1} Commission Regulation {EU} No 2312002 (') lays down specificatinns for food additives lisved in Annexes Il and (11

agents) o e

{2} The specifications for food addiives may be updated in accordance with the common procedure referred o in
Asiicle 3{1) of Regulation (EC) No 13112008, cither on the initiative of the Commisson or following an
apphication from a Member St or an imerested party.

. Ba n S U Se Of eth yI e n e OXi d e fO r 3} Ehylene ooide is an important chemical substance having muliple wses, including the use as a sterilising agent and

as & raw material in the manufacture of variows products. Ethylene oxide, however, &5 a substance of concern

classified ag carcinogenic, mutagenic and toxic for seproduction in sceordance with Regulation (EC) Mo 1173(1008

= - BrLe of the European Parkiament and of the Council (*). It is neither approved as a biocidal product under Regulation (EL)

Ste rI Izatlo n O OO a ItIVeS Mo 32826112 of the Ewropean Parliament and of the Council ) nor as an sctive substance for use in plant
protection products in sccordance with Regulation (EC) No 11072009 of the European Parlisment and of the

Council 4.

. . d 4 chulamul (EL) Mo 231/2012 provides that ethylene oxide may ot e wsed for sterilisi utposes i food
. S additives. However, there is ao quantified Limit for the presence of ethylene oxide regarding all food additives. In
peCI Ies I l I l I O l I lg g accordance with that Regulation a limit of not more than 0,2 mpfkp nfc[hulr:m: oxide is ser out oaly for those food

- additives, in the o of which ethylene axide is used. That limit was first established by Comnission Disective

2003[95[EC 7, based on the opinion of the Sciemific Committes on Food of & May 2002 %), which concluded that
whilst estirnated intakes from the few food sdditives manufscired using ethylene oxide are very low, intakes from

fo r a d d i tives fosoed sources should be as bow as possible since ethylene oxide is botk gnmmiic and carcinopenic.

O] 1. 354, 31.12.2008, p. 16,

Of 1. 354, 31.12.2008, p. 1

Comemissian Regulation [ELT) Mo 231/2012 of 9 March 2012 laying demwn specilicasions for faod additives listed in Anneses 1 and [11

to Regalation (EC) No 1333/2008 af the Earapean Partiament and of the Council {0] L 83, 22.3.2012, p. 1),

Regalation {EC) No 1272{2008 of the Furopean Pariament and of the Council of 16 December 2008 ca clsdficaticn, labelling and

packagiceg al substances and mistures, amending and repealing Directives 675 48/EEC and 1999(45/EC, and amending Regulasion

[EC) Ko 19072006 (0] L 353, 31.12.2008, p. 1).

1"} Regulation [EL]) No 528(20012 of the Earapean Parlizment and of the Councd of 22 May 2012 cancerming the making available an the
market and use of biccidal products 0] L 167, 27.6.2012, p. 1)

) Regulation {EC) No 1107)32009 of the Furapean Parliamens and of the Council of 21 October 2009 concerning the placing af plans
protection products o the markes and repealing Council Directives 79(117 [EEC and 914 14/EEC (0] L 309, 24.11.2009, p. 1).

{'} Commissian Directive J003(95/EC of 17 Octaber 200% amending Directive 96/77 [EC Laying down specific pusity criteria on food
adlditives other than colours and sweeseners (0] L 283, 31.10.2003, p. 71}

) Opinian of the Sciensific Comamitice on Food oa impuritics of ethylene axide in food addstives, 17 April 2002

=




Analytical methods in EO analysis

Gas Chromatography - Tandem Mass Spectrometry
(GC-MS/MS) is the most widely used analytical

technique used for determination and quantitation of

EO in various commodities




Method 1
Determination of 2-CE
(Total EO analysis)

O NaCl / HCI

A B~ -CH

EO (sum) = 2-CE x 0.55

Ethylene oxide (sum of ethylene oxide and 2-chloroethanol expressed
as ethylene oxide)




Sample Preparation

Homogenization
(Sample to dry ice = ca. 5:1)




Sample Preparation




Extraction Aid




Workflow for sample extraction and clean-up

(including conversion of EO to 2-CE)

4 g anhydrous MgSQy, 1 g NaCl,
0.5 g, 0.5 g sodium citrate dibasic
sesquihydrate and 1 g sodium
citrate tribasic dihydrate

Extraction steps

Weigh 2.00 + 0.01 g of
sample into a 50-mL
centrifuge tube

Clean-up steps

Transfer 6 mL of
supernatant to a 15-mL
dSPE tube

Add |.S (2-CE-d4) and
vortex for a few seconds

A

Shake for 1 min

Add 10 mL of 0.2M HCl in
acetonitrile, 1mL sat. NaCl
and shake for 30 mins

Centrifuge at 4000 rpm for
5 mins

Cool down in ice bath for 10
mins. Add extraction salts
and shake for 5 mins

Transfer the clear
supernatant to a 2-mL vial
for injection

Y

Centrifuge at 4000 rpm for
5 mins

900 mg anhydrous MgSO,,
150 mg PSA and 150 mg
C18 sorbent




Instrumental Analysis

GC conditions

Column DB-624 Ul
(60 m x 0.25 mm, 1.4 pm)

Inlet Programmable Temperature Vaporizer
(PTV)
(Injection volume 1 pL)

Injection mode Splitless (3 min)

Inlet temp 100 °C (0.8 min), ramp with 12 °C/s to
250 °C (10 min)

Oven gradient 60 °C (2 min)

ramp with 50 °C/min to 150 °C (0 min)
ramp with 40 °C/min to 250 °C (16 min)

Carries gas Helium, 1 mL/min

MSD conditions
lonization mode Electron impact (EI)
lon source temp 270°C

Transfer line temp 250 °C

MRM transitons ~ 2-CE 80 —> 31 (CE 5)
82 —> 31 (CE 5)

80 —> 43 (CE 5)

80 —> 44 (CE 1)

2IGELdA 84 —> 33 (CE 5)




Linearity
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Chromatograms of 2-CE
at 0.1 mg/kg in complex matrices
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Recovery Study

Recovery of 2-CE (%) Recovery of

Noodle 0.1 93.8 9.2 73.9
NOEELS 0.1 95.9 117 75.6
seasoning

SR 0.1 95.4 6.9 79.6
powder

lce cream 0.1 100.4 8.2 77.9




Sensitivity of 2-CE
MRM chromatograms of 0.05 mg/kg spike
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Ethylene Oxide in Spice (cumin)
May-June 2023
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Curcuma sample
(Pre-column Backflushing)
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Method 2
Simultaneous detection of EO and 2-CE

Ref.. EURL-SRM “Analysis of Ethylene Oxide and its Metabolite 2-
Chloroethanol by the QuQil or the QUEChERS Method and GC-MS/MS”,
Version 1.1 (December 2020)




QuECHERS workflow for sample extraction and clean-up

QUECHERS extraction steps

4 g anhydrous MgSQy,, 1 g NaCl,
0.5 g, 0.5 g sodium citrate dibasic
sesquihydrate and 1 g sodium
citrate tribasic dihydrate

Weigh 2.00 + 0.01 g of
sample into a 50-mL
centrifuge tube

Clean-up steps

Transfer 6 mL of
supernatant to a 15-mL
dSPE tube

Add DI water and shake
briefly to wet the sample

Y

Shake for 1 min

Add 10 mL of acetonitrile,
|.S, and shake for 5 mins

Centrifuge at 4000 rpm for
5 mins

|

A

Add extraction salts and
shake for 1-2 mins

Y

Transfer the clear
supernatant to a 2-mL vial
for injection

Centrifuge at 4000 rpm for
5 mins

900 mg anhydrous MgSOy,,
150 mg PSA and 150 mg
C18 sorbent




Instrumental Analysis

GC conditions

Column DB-624 Ul
(30 mor 60 m x 0.25 mm, 1.4 pm)

Inlet Programmable Temperature Vaporizer
(PTV)
(Injection volume 2 uL)
Injection mode Split (1:5)
Inlet temp 90 °C (0.8 min), ramp with 12 °C/s to 250
°C (10 min)
Oven gradient 45 °C (2 min)
ramp with 25 °C/min to 250 °C (5 min)
Carries gas Helium, 1 mL/min
MSD conditions
lonization mode Electron impact (EI)
lon source temp 200°C

Transfer linetemp 250 °C

MRM transitions EO 44 --> 29 (CE 5)
44 --> 28 (CE 5)

2-CE 80 --> 31 (CE 5)

82 --> 31 (CE 5)

80 --> 43 (CE 5)

80 -->44 (CE 1)

2-CE-d4 84 --> 33 (CE 5)




Chromatograms of EO and 2-CE
at 100 ng/ml standard solution
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Chromatograms of EO and 2-CE
at 100 ng/ml standard solution
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Notes for Consideration

® Take necessary precaution in handling highly volatile
EO standard solutions

® Sample vial tray equipped with cooling to sub-ambient
temperature capabilities prior to GC injection

® Smarter choice for GC column to prevent EO from
other matrix interfering compounds
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