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     What is Ethylene Oxide? 

Ethylene oxide or EO: Three-membered ring organic 
compound with chemical formula 
C2H4O. 



 Ethylene Oxide 



   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% EO global production) 
 Preservatives 
 Fumigants 
 Sterilization of medical devices 



             
       

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

Toxicity: 

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 

Ethylene oxide 

 Free EO is quickly removed under aerated 
conditions 

 Slower decrease in non-aerated and sealed 
products 

2-Chloroethanol (2-CE or Ethylene Chlorohydrin) 
 Formed in EO fumigated products in the 

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



           Surge in demand for EO analysis, why? 
Ethylene Oxide NOT APPROVED AS FOOD FUMIGANT since 1991 in EU 



 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 



 Latest Development 
FOOD ADDITIVES 

Amendment of COMMISSION 
REGULATION (EU) No 231/2012 
(Effective from 1 Sep 2022) 

Specifications for food 
additives (e.g. thickening 
agents) 

 Bans use of ethylene oxide for 
sterilization of food additives 

 Specifies EO limit of 0.1 mg/kg 
for additives 



       Analytical methods in EO analysis 



 
   

     

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



 Sample Preparation 

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



 Sample Preparation 

Sample crushing and mixing 



 Extraction Aid 

Stainless steel balls 



         Workflow for sample extraction and clean‐up 



 Instrumental Analysis 



Linearity 

MRM overlay of various 
concentrations of 2-CE ranging 

from 5 to 100 ppb 



   
         

Chromatograms of 2‐CE 
at 0.1 mg/kg in complex matrices 



 Recovery Study 



   
         

Sensitivity of 2‐CE 
MRM chromatograms of 0.05 mg/kg spike 



         
       

Laboratory result: 461 µg/kg (n =2) 
[Assigned value: 474 ± 169.6 µg/kg] 



 
 

Curcuma sample 
(Pre‐column Backflushing) 

Without Backflushing Backflushing 
Pre-column = 5 m 

Backflush time = 5 min 



 
         
Method 2 

Simultaneous detection of EO and 2‐CE 

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



         QuECHERS workflow for sample extraction and clean‐up 



 Instrumental Analysis 



       
       

Chromatograms of EO and 2‐CE 
at 100 ng/ml standard solution 



       
       

Chromatograms of EO and 2‐CE 
at 100 ng/ml standard solution 



   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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摘要


檢查程式發現此文件沒有問題。


		需要手動檢查: 0

		已通過手動檢查: 0

		未通過手動檢查: 0

		已略過: 8

		已通過: 24

		失敗: 0




詳細報告


		文件



		規則名稱		狀態		描述

		協助工具權限旗標		已通過		必須設定協助工具權限旗標

		純影像 PDF		已通過		文件不是純影像 PDF

		標籤化 PDF		已通過		文件是標籤化 PDF

		邏輯閱讀順序		已略過		文件結構提供邏輯閱讀順序

		主要語言		已通過		文字語言已指定

		標題		已通過		文件標題顯示於標題列

		書籤		已通過		書籤存在於大型文件中

		色彩對比		已略過		文件包含適當的色彩對比

		頁面內容



		規則名稱		狀態		描述

		標籤化內容		已略過		所有頁面內容皆已標籤化

		標籤化註解		已通過		所有註解皆已標籤化

		跳位順序		已通過		跳位順序和結構順序一致

		字元編碼		已通過		可靠的字元編碼已提供

		標籤化多媒體		已通過		所有多媒體物件皆已標籤化

		螢幕閃爍		已通過		頁面不會導致螢幕閃爍

		程式檔		已通過		沒有不可存取的程式檔

		限時回應		已通過		頁面不需要限時回應

		導覽連結		已通過		導覽連結不重複

		表格



		規則名稱		狀態		描述

		標籤化表格欄位		已通過		所有表格欄位皆已標籤化

		欄位描述		已通過		所有表格欄位都具有描述

		替代文字



		規則名稱		狀態		描述

		插圖替代文字		已通過		插圖要求替代文字

		嵌套的替代文字		已通過		無法讀取的替代文字

		與內容相關		已通過		替代文字必須與若干內容關聯 

		隱藏註解		已通過		替代文字不應隱藏註解

		其它元素替代文字		已略過		其它要求替代文字的元素

		表



		規則名稱		狀態		描述

		列		已通過		TR 必須為 Table、THead、TBody 或 TFoot 子元素

		TH 和 TD		已略過		TH 和 TD 必須為 TR 子元素

		表頭		已通過		表應有表頭

		規則性		已通過		表中每列必須包含相同的欄數，每欄必須包含相同的列數

		摘要		已略過		表中必須有摘要

		清單



		規則名稱		狀態		描述

		清單項目		已略過		LI 必須為 L 子元素

		Lbl 和 LBody		已通過		Lbl 和 LBody 必須為 LI 子元素

		標題



		規則名稱		狀態		描述

		適當的嵌套		已略過		適當的嵌套
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