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Significance of quantitation of EtO & 2-CE 
at trace level in various food & other matrices

To ensure the quality and safety of food products, the European Rapid Alert System for Food and 

Feed (RASFF) prohibits the sales of goods exceeding the MRL values of 0.05 mg/kg (or 50 ppb) for 

the sum of EtO and 2-CE. 

 

Even though Ethylene oxide (EtO / EO) is well-known to be toxic compound with carcinogenic and 

mutagenic concerns, it has been widely used for fumigation in the Food industry for effectively 

reducing or eliminating microbiological contamination with bacteria / fungi. Once in contact 

with food, EtO undergoes various reactions within the matrix, further producing reaction 

products such as ethylene glycol, 2-chloroethanol (2-CE) and 2-bromoethanol, which are also 

toxic in nature. Hence, the use of EtO for food fumigation has been phased out in many countries 

worldwide, due to toxicological concerns. In the EU, the use of EtO for the disinfection of 

foodstuffs, e.g. in storage areas, is not permitted (ECHA, 2020). EU has proposed separate 

maximum residual limits (MRLs) for EtO and its primary metabolite 2-CE in different food and 

agriculture commodities ranging from 0.02 to 0.1 mg/kg (Commission Regulation (EU) 2015/868).

The recent recall of food products exported to the EU due to non-compliance with EU 

regulations, has highlighted the importance of quantitation of EtO & 2-CE residues in food. 

Chemical Structure of EtO & 2-CE

Ethylene Oxide (EtO) 
(Molecular Formula – C H O)2 4

2-Chloroethanol (2-CE)
(Molecular Formula – C H ClO)2 5
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Method Reference Components Liquid Mode Mode

EURL-SRM Method EtO 2-CE QuEChERS -Method            
(EN 15662)

QuOil -Method  
(CEN/TS 17062:2019)

Liquid 

Tadeo/Bononi  Method - 2-CE EtO to 2-CE – Conversion Method Liquid

- - 2-BE* EtO to 2-BE – Conversion Method Liquid

Woodrow Method EtO - - - Headspace

Ayoub Method EtO -

Optional

-

-

-

- - - SPME

No. Product EU-MRLs

1 Teas, cocoa and spices 0.10* mg/kg

2 Nuts, oil fruits and oilseeds 0.05* mg/kg 

3 Fruits, vegetables, sugar plants, fungi and pulses 0.02* mg/kg

4 Cereals and products of animal origin 0.02* mg/kg

5 Apicultural products 0.05* mg/kg

No.

1.0

2.0

3.0

4.0

5.0

Product

Agricultural (Oil seeds)

Spices

Ayurveda & Herbal

Processed Foods

Medical Samples / Devices

Matrix Covered

Sesame Seed 

Chilli Powder

Chicken Masala 

Kitchen Masala

Amala Powder

Ashwagandha Powder

Boswellia Serrata Powder

Instant Noodles

Intraocular Lens

Medical Devices

Reference: EURL-SRM - Analytical Observations Report

EU-MRLs of EtO & 2-CE for different products are 

Different Methods As Per EURL-SRM Report  

Analysis of EtO & 2-CE in different matrices

4

Internal Standard

*2-BE: 2-Bromoethanol
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Shimadzu solutions 

¿ EtO & 2-CE in single run 
 1)  Liquid Injection Method � with split (SPL) mode  e
 2)  Dynamic Headspace Method � with split mode (Solvent Extraction)   e
 3)  Dynamic Headspace Method � with split mode (As such in HS vial)  e

¿ Conversion method EtO to 2-CE
 1)  2-CE is analyzed by Liquid Injection � with split e
 2)  2-CE is analyzed by Dynamic Headspace � with split e

Shimadzu�s solution for analysis of EtO & 2-CE (Different Techniques / Instruments) 

No.  Matrix Covered Technique Instrument

  Liquid Injection (EtO & 2-CE)  GCMS-TQ8050 NX with AOC-20i/s

  Dynamic Headspace (EtO & 2-CE) - Solvent extraction GCMS-TQ8050 NX with HS-20 NX      

1.2  Dynamic Headspace (EtO & 2-CE) - Direct sample in HS vial GCMS-TQ8040 NX with HS-20 NX      

  Liquid Injection (2-CE) -Conversion Method GCMS-TQ8040 NX with AOC-20i/s

  Dynamic Headspace Injection (2-CE) � Conversion Method GCMS-TQ8040 NX with HS-20 NX

  Dynamic Headspace (EtO & 2-CE) - Solvent extraction GCMS-TQ8040 NX with AOC-30i

  Dynamic Headspace (EtO & 2-CE) - Solvent extraction GCMS-TQ8050 NX with AOC-20i/s

2.2  Dynamic Headspace (EtO & 2-CE) - Direct sample in HS vial GCMS-TQ8050 NX with HS-20 NX

2.3 Chicken Masala Dynamic Headspace (EtO & 2-CE) - Solvent extraction GCMS-TQ8050 NX with HS-20 NX

2.4 Kitchen Masala Dynamic Headspace (EtO & 2-CE) - Solvent extraction GCMS-TQ8050 NX with HS-20 NX

3.1  Amala Powder  Dynamic Headspace (EtO & 2-CE) - Solvent extraction GCMS-TQ8050 NX with HS-20 NX 

3.2  Ashwagandha Powder Dynamic Headspace (EtO & 2-CE) - Solvent extraction GCMS-TQ8050 NX with HS-20 NX 

   Liquid Injection (EtO & 2-CE)  GCMS-TQ8050 NX with AOC-20i/s  

   Dynamic Headspace (EtO & 2-CE) - Solvent extraction GCMS-TQ8050 NX with HS-20 NX 

4.1. Noodles Liquid Injection (EtO & 2-CE) GCMS-TQ8050 NX with AOC-20i/s  

5.1  Intraocular Lens  Static Headspace (EtO) GCMS-QP2010 Ultra with HS-20

 

5.2  Medical Device  Liquid Injection / Static Headspace (EtO) Nexis GC-2030 with AOC-20i/HS-20 

1.1     

1.3

2.1    

3.3    Boswellia Serrata Powder

Sesame Seeds

Chilli Powder



Trace level quantitation of Ethylene Oxide (EtO) and 2-Choloroethanol (2-CE) in sesame seeds by using 
various GCMS/MS techniques with their own merits and demerits 

The European Chemical Agency (ECHA) has classified EtO in category 1B as regards carcinogenicity, 

mutagenicity and reproductive toxicity, and in category 3 as regards the acute toxicity. The US National 

Institute of Health (NIH) classified EtO as �known to be a human carcinogen based on sufficient evidence of 

carcinogenicity from studies in humans, including epidemiological studies and studies on mechanisms of 

carcinogenesis.� The US Environmental Protection Agency (EPA) has concluded that EtO is carcinogenic to 

humans by the inhalation route of exposure. 2-CE is prominent metabolite of EtO and is equally hazardous 

compound.  EU-MRLS (Maximum Residue Levels as per European Commission) for EtO & 2-CE are different 

for different commodities. Out of many matrices EU-MRL for cereals, pulses & vegetables are the lowest and 

that is 0.02 mg/kg. Considering carcinogenicity and no acceptable threshold for exposure, no Acceptable 

Daily Intake (ADI) was established for EtO & 2-CE and hence it is very important to quantitate EtO & 2-CE, as 

low as possible in the food matrices.

With reference to EURL-SRM Analytical Observation Report, Shimadzu have successfully developed and 

validated methods for trace level quantification of EtO & 2-CE impurities in sesame seeds by using Shimadzu 

GCMS-TQ8050 NX with AOC-20i and AOC-20s liquid auto sampler / HS-20 NX headspace sampler (Dynamic)

6

EtO & 2-CE Analysis in Sesame Seeds 

¿ This section deals with various approaches, extraction process & different instrument 
techniques used for the analysis of EtO and 2-CE in sesame seeds sample  

                      APPROACH    MODE OF ANALYSIS INJECTOR     INSTRUMENT TECHNIQUE

    EURL-SRM Analytical Observation                   Liquid   SPL    AOC-20i/s - GCMS-TQ8050 NX 

             Report (EtO & 2-CE)

st Headspace � Method 1  (EtO & 2-CE)   Dynamic Headspace SPL  HS-20 NX - GCMS-TQ8050 NX 

nd      Headspace � Method 2  (2-CE)    Dynamic Headspace SPL  HS-20 NX - GCMS-TQ8050 NX

rd       Headspace � Method 3  (EtO)    Dynamic Headspace SPL  HS-20 NX - GCMS-TQ8050 NX

1.1  - (Application Note) Sesame Seeds Analysis

Application Databook

st
Ø Headspace � Method 1  (EtO & 2 CE): Solvent extraction followed by the analysis with dynamic 

headspace mode. For simultaneous analysis of EtO & 2 CE in different matrices, above 

mentioned method is used most of the time. 

https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/16786/an_06-saip-gc-031-en.pdf

SCAN & DOWNLOAD

https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_
document_file/applications/application_note/16786/an_06-saip-gc-031-en.pdf

Published Application Note  
  

https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/16786/an_06-saip-gc-031-en.pdf
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/16786/an_06-saip-gc-031-en.pdf
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/16786/an_06-saip-gc-031-en.pdf
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EtO & 2-CE Analysis in Sesame Seeds (Direct Sample In Headspace Vial) 

¿ As such sesame seed sample preparation into headspace vial for trace level quantitation of EtO 
& 2-CE. In this approach, sesame seeds sample was directly taken into headspace vial and 
analyzed for its EtO & 2-CE content. 

¿ Shimadzu have successfully part validated this method by using Shimadzu�s GCMS-TQ8040 NX 
with HS-20 NX headspace sampler 

APPROACH     MODE OF ANALYSIS INJECTOR INSTRUMENT TECHNIQUE

 As such sample in headspace vial   Dynamic Headspace  SPL  HS-20 NX - GCMS-TQ8040 NX 
(EtO & 2-CE)

1.2   - Direct Sample MethodSesame Seeds Analysis

Application Databook

System Description 

Benefits 

GCMS System

Headspace Sampler

Capillary Column

Ionization Mode

Sample Information

Sample Preparation

Spiked Sample Preparation

GCMS-TQ8040 NX

HS-20 NX (Dynamic Headspace)

SH-RTX-VMS (60 m X 0.25 mm ID x 1.4 um df)

Electron Ionization (EI)

EtO & 2-CE in sesame seeds

100 % (As such sample in HS vial) + 1 uL Acetonitrile (Diluent)

100 mg Sesame Seeds + 1 uL of 1 ppm Standard

100 mg Sesame Seeds + 1 uL of 2 ppm Standard

100 mg Sesame Seeds + 1 uL of 3 ppm Standard

Ÿ As such sample preparation in headspace vial  (without solvent extraction / without any conversion 

or derivatization  process)

Ÿ Very less sample preparation time 

Ÿ Very cost effective

Ÿ Shimadzu�s optimized solution of dynamic headspace sampler for the analysis of EtO & 2-CE  

outperforming the current regulatory limits.



1.2  - Direct Sample Method Sesame Seeds Analysis

Application Databook
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Method =>
Dynamic Headspace 

EtO 2-CE
Linearity levels (On column) 10,20 & 30 ppb 10,20 & 30 ppb 

Linearity levels (w.r.t sample) 10,20 & 30 ppb 10,20 & 30 ppb 
r2 (n=3) 0.99696 0.99503

Level 1 - conc. (On column) 10 ppb 10 ppb
Level 1 - conc. (w.r.t sample) 10 ppb 10 ppb

% RSD (n=3) 2.2 10.1
S/N 26 28

Level 2 - conc. (On column) 20 ppb 20 ppb
Level 2 - conc. (w.r.t sample) 20 ppb 20 ppb

% RSD (n=3) 2.7 11.7

Level 3 - conc. (On column) 30 ppb 30 ppb
Level 3 - conc. (w.r.t sample) 30 ppb 30 ppb

% RSD (n=3) 9.7 14.1

Prespike 10 ppb – 1st (Recovery) 97 % 101 %
Prespike 10 ppb – 2nd (Recovery) 105 % 91 %
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Figure 1: Calibration curve, overlay of linearity standards & chromatogram of LOQ solution 

EtO

r2 = 0.99696 Overlay – 10 
to 30 ppb

LOQ – 10 ppb 
(w.r.t sample)

Figure 2: Calibration curve, overlay of linearity standards & chromatogram of LOQ solution

2-CE

r2 = 0.99503 Overlay – 10 
to 30 ppb

LOQ – 10 ppb 
(w.r.t sample)
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Representative Data 
Direct Sample Method - Analysis of EtO & 2-CE (Dynamic Headspace)

Results :
Summary of results is shown in Table 1



EtO & 2-CE Analysis in Sesame Seeds (Conversion) 

¿ With reference to EURL-SRM Analytical Observation Report, Shimadzu have successfully 
optimized & part validated conversion method (EtO=>2-CE) for the trace level quantification of 
2-CE in sesame seeds by using Shimadzu GCMS-TQ8040 NX with AOC-20i and AOC-20s (Liquid) /
HS-20 NX (dynamic headspace)

1.3  - Conversion Method Sesame Seeds Analysis

Application Databook

System Description 

Benefits 

GCMS System

Liquid Sampler

Headspace Sampler

Capillary Column

Ionization  Mode

Sample Information

Sample Preparation

Reference Method

GCMS-TQ8040 NX

AOC-20i and AOC-20s

HS-20 NX (Dynamic Headspace)

SH-Stabilwax DA (60 m X 0.25 mm ID x 0.25 um df)

Electron Ionization (EI)

2-CE in sesame seeds (Conversion method)

20 % for Liquid / Dynamic Headspace

EURL-SRM Analytical Observation report

Ÿ With reference to EURL-SRM report, Shimadzu have optimized conversion method for trace level

quantification of 2-CE.

A) EtO to 2-CE conversion � Analysed by liquid injection

B) EtO to 2-CE conversion � Analysed by dynamic headspace injection

Ÿ Shimadzu�s GCMS-TQ8040 NX with AOC-20i / AOC-20s liquid autosampler & HS-20 NX dynamic

headspace sampler is well compatible for the analysis of EtO & 2-CE

15

APPROACH  MODE OF ANALYSIS INJECTOR    INSTRUMENT TECHNIQUE

          EtO to 2-CE Conversion      Liquid SPL  AOC-20i/s- GCMS-TQ8040 NX 

          EtO to 2-CE Conversion   Dynamic Headspace   SPL    HS-20 NX - GCMS-TQ8040 NX  

For accuracy study � Respective standard stock solution of EtO was 
prespike and further proceed as mentioned in sample analysis. 

Et0 => 2-CE conversion factor (0.55) was applied in calculation

For linearity � Respective level of 2-CE standard solution was post 
spiked in matrix blank solution and further calibration curve was 
plotted.

Sample Analysis
Conversion of EtO to 2-CE in sesame seeds and analysed by liquid injection 



1.3  Sesame Seeds Analysis - Conversion Method

Application Databook
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2-CE

Representative Data 
Conversion Method � EtO =>2-CE (Liquid & Dynamic)

Results :
Summary of results is shown in Table 1
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Figure 1: Calibration curve, overlay of linearity standards & chromatogram 
of LOQ solution for 2-CE (Liquid)

  Figure 2: Calibration curve, overlay of linearity standards & chromatogram 
of LOQ solution for 2-CE (Dynamic)

Method =>
Liquid Dynamic HS

2-CE 2-CE

Linearity levels (On column) 2,5,10,15 & 20 ppb 2,5,10,15 & 20 ppb

Linearity levels (w.r.t sample) 10,25,50,75 &100 ppb 10,25,50,75 &100 ppb

r2 (n=3) 0.99919 0.99835

LOQ level conc. (On column) 2 ppb 2 ppb

LOQ level conc. (w.r.t sample) 10 ppb 10 ppb

% RSD (n=6) 7.6 3.8

S/N 16 44

Spiked LOQ level (On column) 2 ppb 2 ppb

Spiked LOQ level (w.r.t sample) 10 ppb 10 ppb

Avg of % recovery (n=3) 101 % 95 %

2-CE

r2 = 0.99835 Ovelay - 2 to 20 ppb LOQ - 10 ppb 
(w.r.t sample)



EtO & 2-CE Analysis in Chilli Powder

¿ This section deals with various approaches, extraction process & different instrument 
techniques used for the analysis of EtO and 2-CE in chilli powder sample  

2.1  (As Per Application Note Method)  Chilli Powder Analysis
       

Application Databook

System Description 

Benefits 

GCMS System

Liquid Sampler

GCMS System

Liquid Sampler

Headspace Sampler

Capillary Column

Ionization  Mode

Sample Information

Reference Method

GCMS-TQ8040 NX

AOC-30i

GCMS-TQ8050 NX

AOC-20i/s

HS-20 NX (Dynamic Headspace)

RTX-VMS (60 m X 0.45 mm ID x 2.55 um df)

Electron Ionization (EI)

EtO & 2-CE in chilli powder

EURL-SRM Analytical Observation report

Ÿ Shimadzu have optimized liquid injection method and developed dynamic headspace methods for 

the  analysis of EtO & 2-CE in chilli powder matrix.  Both these methods outperforms the current 

regulatory limits.

Ÿ Shimadzu�s GCMS-TQ8040 NX / GCMS-TQ8050 NX with liquid autosampler &  dynamic headspace 

sampler is complete tool for the analysis of EtO & 2-CE
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                      APPROACH    MODE OF ANALYSIS INJECTOR INSTRUMENT TECHNIQUE

   EURL-SRM Analytical Observation         Liquid   SPL   AOC-20i/s - GCMS-TQ8040 NX

            Report (EtO & 2-CE)                

                  Liquid   SPL   AOC-20i/s - GCMS-TQ8040 NX

            (Analysis by GCMS-TQ8050 NX is to show comparison, only)

  Headspace � Method 1st (EtO & 2-CE)   Dynamic Headspace SPL HS-20 NX - GCMS-TQ8050 NX

* Chromatographic conditions & sample preparation method were same as mentioned in application note. 



Overlay -

10 to 50 ppb

LOQ – 10 ppb 
(w.r.t sample)

LOQ – 10 ppb 
(w.r.t sample)

Overlay -

10 to 50 ppb

Representative Data 
Solvent Extraction Method for EtO & 2-CE (Liquid)

Figure 2: Calibration curve, chromatogram of LOQ solution 
& overlay of linearity standards for 2-CE

Figure 1: Calibration curve, chromatogram of LOQ solution 
& overlay of linearity standards for EtO

EtO 2-CE

Application Databook
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3

3

Summary of comparison for two instrument is shown in 
Table 4

Comparison: 

Table 4: Summary for comparison  

Method => Liquid
GCMS-TQ8040 GCMS-TQ8050

EtO EtO

LOQ level conc. (On column) 5 ppb 2.5 ppb

LOQ level conc. (w.r.t sample) 10 ppb 5 ppb
% RSD (n=6) 9.3 8.7

S/N 15 32

2-CE 2-CE

LOQ level conc. (On column) 5 ppb 2.5 ppb

LOQ level conc. (w.r.t sample) 10 ppb 5 ppb
% RSD (n=6) 3.9 5.0

S/N 79 70

1

Results :

Summary of precision standard is shown in Table 2

Precision :

Table 2: Summary of precision standard (n=6)

1

Linearity : Accuracy

r2=0.99879

r2=0.99965

2.1  (As Per Application Note Method)  Chilli Powder Analysis
       



Representative Data 
Solvent Extraction Method for EtO & 2-CE (Dynamic)

Figure 4: Calibration curve, chromatogram of LOQ solution 
& overlay of linearity standard for 2-CE 

Figure 3: Calibration curve, chromatogram of LOQ solution 
& overlay of linearity standard for EtO 

EtO 2-CE

Application Databook

19

5

5

6

6

7

7

2.1  (As Per Application Note Method)  Chilli Powder Analysis
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EtO & 2-CE Analysis In Chilli Powder (Direct Sample In Headspace Vial)

¿ Shimadzu have successfully part validated this method by using Shimadzu�s GCMS-TQ8040 NX 
with HS-20 NX headspace sampler 

¿ As such chilli powder sample preparation into headspace vial for trace level quantitation of EtO 
& 2-CE. In this approach, chilli powder sample was directly taken into headspace vial and 
analyzed for its EtO & 2-CE content. 

2.2  - Direct Sample Method Chilli Powder Analysis

Application Databook

System Description 

Benefits 

GCMS System

Headspace Sampler

Capillary Column

Ionization Mode

Sample Information

Sample Preparation

Spiked Sample Preparation

GCMS-TQ8040 NX

HS-20 NX (Dynamic Headspace)

SH-RTX-VMS (60 m X 0.25 mm ID x 1.4 um df)

Electron Ionization (EI)

EtO & 2-CE in chilli powder

100 % (As such sample in HS vial) + 1 uL of Acetonitrile (Diluent)

100 mg chilli powder + 1 uL of 1 ppm standard

100 mg chilli powder + 1 uL of 2 ppm standard

100 mg chilli powder + 1 uL of 3 ppm standard

100 mg chilli powder + 1 uL of 4 ppm standard

100 mg chilli powder + 1 uL of 5 ppm standard

Ÿ Shimadzu�s optimized solution of dynamic headspace sampler for the analysis of EtO & 2-CE  

outperforming the current regulatory limits

Ÿ Highly cost effective

Ÿ Very less sample preparation time 

Ÿ As such sample preparation in headspace vial (without solvent extraction / without any conversion 

or derivatization  process)

20

                    (EtO & 2-CE) 

   As such sample in headspace vial     Dynamic Headspace SPL HS-20 NX - GCMS-TQ8040 NX 

                      APPROACH     MODE OF ANALYSIS INJECTOR    INSTRUMENT TECHNIQUE



2.2  - Direct Sample Method Chilli Powder Analysis

Application Databook
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2.2  - Direct Sample Method Chilli Powder Analysis

Application Databook
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Representative Data 

Direct Sample Method - Analysis of EtO & 2-CE (Dynamic Headspace)

Figure 1: Calibration curve, overlay of linearity standards & chromatogram of sample solution 

Figure 2: Calibration curve, overlay of linearity standards & chromatogram of sample solution

EtO

2-CE

Results :
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EtO & 2-CE Analysis In Other Spices (Extracted solution In Headspace Vial)

2.3    Chicken Masala

2.3 & 2.4   - Dynamic Headspace MethodOther Spices

System Description 

Benefits 

GCMS System

Headspace Sampler

Capillary Column

Ionization  Mode

Sample Information

Reference Method

GCMS-TQ8050 NX

HS-20 NX (Dynamic Headspace)

RTX-VMS (60 m X 0.45 mm ID x 2.55 um df)

Electron Ionization (EI)

EtO & 2-CE in Other Spices

EURL-SRM Analytical Observation report

Ÿ Shimadzu�s GCMS-TQ8040 NX / GCMS-TQ8050 NX with liquid autosampler &  dynamic headspace 

sampler is complete tool for the analysis of EtO & 2-CE.

Ÿ Shimadzu have developed dynamic headspace methods for the  analysis of EtO & 2-CE in spices 

matrix.  This method outperforms the current regulatory limits.

stHeadspace � Method 1  (EtO & 2-CE)  Dynamic Headspace SPL HS-20 NX - GCMS-TQ8050 NX

                     APPROACH    MODE OF ANALYSIS INJECTOR INSTRUMENT TECHNIQUE

* Chromatographic conditions & sample preparation method were same as mentioned in application note. 

2.4    Kitchen Masala

stHeadspace � Method 1  (EtO & 2-CE)  Dynamic Headspace SPL HS-20 NX - GCMS-TQ8050 NX

                      APPROACH    MODE OF ANALYSIS INJECTOR INSTRUMENT TECHNIQUE

§ Amount (25 mg � 100  mg ) optimization is require as per the type of matrix  

§ So, to reduce acetaldehyde concentration from extracted sample solution, PSA is used as clean up 

reagent 

§ Spices matrix have very high amount of acetaldehyde, and which may interfere with EtO in analysis.

How to reduce acetaldehyde  

Application Databook
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2.3 & 2.4   - Dynamic Headspace MethodOther Spices

Application Databook

Effect of clean up reagent => Reduces acetaldehyde conc. in sample solution

¿ Because of the reduction    
in conc. of acetaldehyde, 
recovery for EtO is well 
improved and is almost 
100%

¿ But here we used clean up 
reagent to reduce 
acetaldehyde concentration 
from sample solution.

¿ Generally clan up reagent   
is used in liquid injection 
method

Representative Data 

2

1

2

2
4

4

3

3

Solvent Extraction Method for EtO & 2-CE (Dynamic)

(Dynamic)
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3.2   Ashwagandha Powder Sample

                      APPROACH    MODE OF ANALYSIS INJECTOR INSTRUMENT TECHNIQUE

st   Headspace � Method 1  (EtO & 2-CE)  Dynamic Headspace SPL HS-20 NX - GCMS-TQ8050 NX 

Application Databook

EtO & 2-CE Analysis In Ayurveda / Herbal Samples (Extracted solution In Headspace Vial)

System Description 

Benefits 

GCMS System

Headspace Sampler

Capillary Column

Ionization  Mode

Sample Information

GCMS-TQ8050 NX

HS-20 NX (Dynamic Headspace)

RTX-VMS (60 m X 0.45 mm ID x 2.55 um df)

Electron Ionization (EI)

EtO & 2-CE in Ayurveda & Herbal Samples

Ÿ Shimadzu�s GCMS-TQ8040 NX / GCMS-TQ8050 NX with liquid autosampler &  dynamic headspace 

sampler is complete tool for the analysis of EtO & 2-CE.

Ÿ Shimadzu have developed dynamic headspace methods for the analysis of EtO & 2-CE in spices 

matrix.  This method outperforms the current regulatory limits.

¿ This section deals with various approaches, extraction process & different instrument 
techniques used for the analysis of EtO and 2-CE in Boswellia Serrata powder sample  

              Report (EtO & 2-CE)

      EURL-SRM Analytical Observation     Liquid SPL AOC-20i/s - GCMS-TQ8050 NX

st   Headspace � Method 1  (EtO & 2-CE)  Dynamic Headspace SPL HS-20 NX - GCMS-TQ8050 NX

3.3  Boswellia Serrata Powder Sample

                     APPROACH    MODE OF ANALYSIS INJECTOR INSTRUMENT TECHNIQUE

3.1         Amala Powder Sample

stHeadspace � Method 1  (EtO & 2-CE)  Dynamic Headspace SPL HS-20 NX - GCMS-TQ8050 NX 

                       APPROACH    MODE OF ANALYSIS INJECTOR INSTRUMENT TECHNIQUE

3.1, 3.2 & 3.3  (Liquid & Dynamic Headspace)Ayurveda Samples
Amala, Ashwagandha, Boswellia Serrata Powder                       
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Application Databook

3.1, 3.2 & 3.3  (Liquid & Dynamic Headspace)Ayurveda Samples
Amala, Ashwagandha, Boswellia Serrata Powder                       
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Summary of results: Liquid Injection Mode Vs Dynamic Headspace Mode

No. Name

Boswellia Serrata Sample

Liquid Mode Dynamic Mode

Aug Conc. (ppb) Aug Conc. (ppb)

Below LOQ Below LOQ

1397 1613

1 EQ

2 2-CE

Application Databook

Ø Boswellia Serrata sample was analysed with both techniques (liquid & 

dynamic headspace) to show equivalency study

Ø Data is summarized as below

Method =>
Dynamic Headspace

EtO 2-CE

Linearity levels (On column) 10,20,30,40 & 50 ppb

Linearity levels (w.r.t sample) 10,20,30,40 & 50 ppb

r2 (n=1) 0.99770 0.99746

Sample Details Conc. of EtO Conc. of 2 -CE 

Amala Powder (n=2) Below LOQ 16 ppb

Ashwagandha Powder (n=2) Below LOQ 253 ppb

Boswellia Serrata Powder (n=2) Below LOQ 1613 ppb

3.1, 3.2 & 3.3  (Liquid & Dynamic Headspace)Ayurveda Samples
Amala, Ashwagandha, Boswellia Serrata Powder                       



4.1  Other Processed Food
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Application Databook
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Application Databook

4.1  Other Processed Food
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Application Databook

4.1  Other Processed Food
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Application Databook

4.1  Other Processed Food
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Application Databook

4.1  Other Processed Food
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5.1  Intraocular Lenses
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5.1  Intraocular Lenses
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5.1  Intraocular Lenses
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5.1  Intraocular Lenses
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5.1  Intraocular Lenses
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5.1  Intraocular Lenses
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5.2  Medical Devices



40

5.2  Medical Devices
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5.2  Medical Devices
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5.2  Medical Devices



Shimadzu Technology for 

EtO Analysis
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Triple Quadrupole Gas Chromatograph Mass Spectrometer with Smart Technologies

Ÿ Fully Automatic MRM Optimization

Ÿ Smart MRM for quick & easy method development

Ÿ Simultaneous analysis of more than 400 compounds in single run

Ÿ Design based on Shimadzu's UFMS Technology (Ultra Fast Mass Spectrometer)

1. UF Sweeper® - High speed Collision cell with minimum dwell time of less than   

0.5 ms achieving high speed MRM 800 transitions / sec

2. UF Scanning - High speed calculation process enables 20,000 amu/sec scan speed

3. UF Sensitivity - Patented ASSP� ensures high sensitivity during high speed 

scanning with improved sensitivity upto 5 folds that observed in high scan speed 

systems.

4. UF Quad - Ultra fast response quadrupole mass filter

Ÿ Shimadzu's proprietary, high-efficiency off-axis ion optics & low noise off axis detector 

offers unmatched sensitivity

Ÿ Secondary electron multiplier with patented Overdrive Lens and conversion dynode. 

Noise from outside the detector was reduced by installing a shield in the secondary 

electron multiplier.

GCMS-TQ8050 NX www.shimadzu.comanproductsgas-chromatograph-mass-spectrometrytriple-quadrupole-gc-msmsgcms-tq8050-nxindex.html

Highlighted Features

Click here >

www.shimadzu.comanproductsgas-chromatograph-mass-spectrometrytriple-quadrupole-gc-msmsgcms-tq8050-nxindex.html
www.shimadzu.comanproductsgas-chromatograph-mass-spectrometrytriple-quadrupole-gc-msmsgcms-tq8050-nxindex.html


Ÿ Sensitivity with EI MRM sensitivity S/N ratio of 100fg OFN is 40,000 :1 is the World's best 

in the industry.

Ÿ EI MRM IDL (Instrument Detection Limit): 0.5fg OFN, statistically derived at 99 % 

confidence level from the area precision of eight sequential splitless injections of 1 µL, 2 

fg/µL OFN standard

Ÿ Fast GCMS capability with micro-bore column of 0.1mn ID for better resolution and 

higher throughput

Ÿ Ultra fast clean vacuum by air-cooled dual inlet TMP with differential pumping capacity 

of total 360 ltrs/sec for Helium

Ÿ Fast Scan/MRM measurements provide a wealth of qualitative and quantitative 

information

Ÿ Unique pesticide database with Auto / SMART MRM

1. Method files can be automatically created without analyzing pesticides

2. Automatic creation of method files with optimal dwell time during Scan/MRM 

measurement

Ÿ AART function automatically adjusts compound and MRM retention times for most 

accurate qualitative and quantitative analysis

Ÿ Front-opening ion source chamber makes maintenance fast and easy

Ÿ �Twin Line MS System� offers unique Dual Column Single MS capability for seamless 

switching of applications without venting MS

Ÿ Advanced Flow Technology (AFT) offers advanced chromatography capabilities � Heart-

Cut with Multi Dean's Switch, Detector Splitter, Detector Switcher, Dual Oven Multi-

Dimensional GC-GCMS System available as option

Ÿ Compatible with Shimadzu's unique Direct Insertion Probe (Solid Probe) with ease of 

operation

Ÿ Easy switch over to single quadrupole GCMS

Ÿ Same software operability & file compatibility with single quad GCMS

Ÿ Flexible platform with EI, CI and NCI ionization modes and precisely by changeover of EI 

to CI mode to identify and accurately measure the molecular weights of the analytes 

without any hassle.

Ÿ Unique application packages available as option with database for Pesticides, Flavor & 

Fragrance Compounds, Metabolites, Toxicology Compounds in addition to commercial 

databases like NIST 2020, Wiley etc.

45

GCMS-TQ8050 NX 
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Ÿ Dual filament design for higher productivity

Ÿ Fast GCMS capability with micro-bore column of 0.1 mn ID for better resolution and 

higher throughput

Triple Quadrupole Gas Chromatograph Mass Spectrometer with Smart Technologies

Ÿ Fully Automatic MRM Optimization

Ÿ Smart MRM for quick & easy method development

Ÿ Simultaneous analysis of more than 400 compounds in single run

Ÿ Design based on Shimadzu's UFMS Technology (Ultra Fast Mass Spectrometer)

1. UF Sweeper® - High speed CID cell with minimum dwell time achieving high 

speed MRM 800 transitions/Sec.

2. UF Scanning - High speed calculation process enables 20,000 amu/sec scan speed

3. UF Sensitivity - Patented ASSP� ensures high sensitivity during high speed 

scanning .

4. UF Quad - Ultra fast response quadrupole mass filter

Ÿ Shimadzu's proprietary, high-efficiency off-axis ion optics & low noise off axis detector 

offers unmatched sensitivity

Ÿ Patented Ion source design enhances sensitivity

www.shimadzu.comanproductsgas-chromatograph-mass-spectrometrytriple-quadrupole-gc-msmsgcms-tq8040-nxindex.html

Highlighted Features

GCMS-TQ8040 NX 

Click here >

www.shimadzu.comanproductsgas-chromatograph-mass-spectrometrytriple-quadrupole-gc-msmsgcms-tq8040-nxindex.html
www.shimadzu.comanproductsgas-chromatograph-mass-spectrometrytriple-quadrupole-gc-msmsgcms-tq8040-nxindex.html
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Ÿ Ultra-fast clean vacuum by air cooled dual inlet TMP with differential pumping capacity 

of total 360 ltrs/sec for Helium

Ÿ Pre-detector overdrive lens system reduces neutral noise ensuring low background

Ÿ Variety of measurement modes provide enhanced selectivity and method flexibility

Ÿ Fast Scan/MRM measurements provide a wealth of qualitative and quantitative 

information

Ÿ Unique pesticide database with Auto/SMART MRM

1. Method files can be automatically created without analyzing pesticides

2. Automatic creation of method files with optimal dwell time during Scan/MRM 

measurement

Ÿ AART function automatically adjusts compound and MRM retention times for most 

accurate qualitative and quantitative analysis

Ÿ Front-opening ion source chamber makes maintenance fast and easy

Ÿ Easy sTop' injection port reduces maintenance downtime

Ÿ Ecology mode reduces operating cost & environmental impact

Ÿ �Twin Line MS System� offers unique Dual Column Single MS capability for seamless 

switching of applications without venting MS

Ÿ Advanced Flow Technology (AFT) offers advanced chromatography capabilities � Heart-

Cut with Multi Dean's Switch, Detector Splitter, Detector Switcher, Dual Oven Multi-

Dimensional GC-GCMS System available as an option

Ÿ Compatible with Shimadzu's unique Direct Insertion Probe (Solid Probe) with ease of 

operation

Ÿ Easy switch over to single quadrupole GCMS

Ÿ Same software operability & file compatibility with single quad GCMS

Ÿ Flexible platform with EI, CI and NCI ionization modes

Ÿ Unique application packages available as option with database for Pesticides, Flavour & 

Fragrance Compounds, Metabolites, Toxicology Compounds in addition to commercial 

databases like NIST 2020, Wiley

GCMS-TQ8040 NX 
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Ÿ The Next Industry Standard GC � Nexis

Ÿ Designed with the analyst in mind: making routine analysis convenient with innovative 

�ClickTek� technology � �Install capillary columns & change liners without using any 

tools�

Ÿ Information at your finger-tips : Intuitive graphical icons and mobile device monitoring

Ÿ World's highest FID sensitivity 1.2 pgC/s (dodecane)

Ÿ Enhanced sensitivity for all detectors to support wide range of challenging applications

Ÿ Wide Range of Injectors, like Split/Splitless; PTV; OCI, WBI (Direct Injection) for complete 

analytical flexibility

https://www.shimadzu.com/an/products/gas-chromatography/gas-chromatograph/nexis-gc-2030/index.html 

Highlighted Features

Click here >

Nexis GC-2030 

https://www.shimadzu.com/an/products/gas-chromatography/gas-chromatograph/nexis-gc-2030/index.html
https://www.shimadzu.com/an/products/gas-chromatography/gas-chromatograph/nexis-gc-2030/index.html
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Ÿ Excellent reproducibility with intelligent automatic flow controller

Ÿ Fast GC capability using Hydrogen as a carrier gas and suitable even for ultra-narrow 

bore columns up to 0.05mm id.

Ÿ Hydrogen sensor for additional safety

Ÿ Exceptional versatility in configuration to match any customized applications needs

Ÿ Unique advanced functions improves energy efficiency and reduces operating cost

Ÿ Easy transfer of existing methods with flexible injection modes � Constant Flow with 

Split or Splitless Injection; constant Pressure Split or Splitless, High Pressure Injection 

and Shimadzu's innovative Constant Linear Velocity Mode to achieve best column 

separation efficiency

Ÿ LabSolutions workstation software offers both easy operability and extensive 

functionality with guaranteed compliance for 21 CFR part 11 in Client / Server Network 

or stand-alone platforms

Ÿ Choice of wide range of accessories like Headspace Sampler, Auto injector/sampler, 

Pyrolizer, Purge & Trap, Thermal Desorption etc.

Ÿ Choice of 3 analytical flow lines with simultaneous control of three injectors and four 

detectors offers best versatility when used with multiple accessories

Ÿ Automation enhanced to next level with Eco functions � Day and time programming; 

System self-check; Automatic notification on consumables replacement; Carrier gas 

usage optimisation & low power consumption while idling.electron multiplier.

Nexis GC-2030 
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Ÿ Valve, Loop and Trap based headspace system with innovative design by direct 

interface with GC/GCMS

Ÿ Higher reproducibility through unique vial heating in oven, minimizes heat loss and 

increases thermal stability

Ÿ Unique isolation gas flow to achieve ultra-low carryover <0.0001% for maximum data 

reliability

Ÿ Super short transfer line for excellent repeatability.

Ÿ Available as Loop (Static) and Trap (Static + Dynamic) model and switch to perform 

ultra-sensitive analysis anytime using trap mode analysis

Ÿ 90 vial sample capacity for high throughput with 5 stage vial mixer/shaker and 12 vial 

incubator for overlap analysis to save valuable analysis time

Ÿ Interface Temperature 350°C and Vial Temperature 300°C, extends analysis from low to 

high boiling points compounds

Ÿ Totally inert sample flow line with Sulfinert® 1 ml sample loop as standard

Ÿ Electronic carrier gas control through AFC and vial pressurization with APC for 

unmatched accuracy and RT reproducibility

Ÿ Complete all vial leak check, vial pressure monitors and release function for safe 

operation

Ÿ Complete compliance with USP Residual Solvent requirements

Ÿ Software capabilities include Multiple Headspace Extraction (MHE) and Method 

Development Mode (MDM)

Ÿ Supported by Shimadzu LabSolution GC Software with 21 CFR part 11 compliance

Ÿ Easy operator maintenance for replacement of column, sample loop and needle

https://www.shimadzu.com/an/products/gas-chromatography/gc-accessories-components/hs-20-nx-series/index.html 

Highlighted Features

Click here >

Headspace sampler HS-20 NX

https://www.shimadzu.com/an/products/gas-chromatography/gc-accessories-components/hs-20-nx-series/index.html
https://www.shimadzu.com/an/products/gas-chromatography/gc-accessories-components/hs-20-nx-series/index.html
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https://www.shimadzu.com/an/products/gas-chromatography/gc-accessories-components/aoc-30/index.html

Highlighted Features

Reliable Automatic Operation

Ÿ High Reproducibility

AOC-30 automates the analysis, reduces an operator's workload, and enables 

continuous analysis with a high degree of accuracy that cannot be achieved by 

manual operation. Shimadzu's unique injection method achieves high reproducibility 

while preventing septum damage and liner contamination.

Space-saving Efficiency

Ÿ Configurable for Analysis Purposes

The single tower system provides automated analysis of up to 30 samples, covering a 

wide range of analysis needs, and is recommended as the first selection. Injectors and 

samplers can be added to increase analysis capacity.

Built-in Pro Tips 

Ÿ Sampler Navigator, Built-in Injection Expertise

Ÿ Injection may seem trivial, but in reality it is a very complex process that requires a lot 

of optimization. The Sampler Navigator reduces the guesswork involved by letting you 

choose from a carefully curated list of optimized methods, meticulously prepared by 

experts in gas chromatography. Get up and running with a single click.

Click here >

Auto-injector AOC-30i

https://www.shimadzu.com/an/products/gas-chromatography/gc-accessories-components/aoc-30/index.html
https://www.shimadzu.com/an/products/gas-chromatography/gc-accessories-components/aoc-30/index.html
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https://www.shimadzu.com/an/products/gas-chromatograph-mass-spectrometry/gc-ms-system/aoc-20iaoc-20s/index.html

Highlighted Features

Auto Injector/Auto Sampler

Ÿ The AOC-20 Series is the perfect solution for automated analyses. Its proven reliability 

and reproducibility allows the user to take full advantage of the GC or GC/MS system 

capabilities.

The AOC-20 provides the highest degree of reliability.

Ÿ Reproducibility and reliability are what make an auto injector valuable to a laboratory. 

Reproducibility can be adversely affected not only by less than optimum injection 

conditions, but through sample evaporation as well. Reliability is a measure of how 

well the instrument faithfully reproduces injection of the sample. The AOC-20i ensures 

that both of these needs are met.

Flexible sample handling of up to 150 vials, greatly enhances laboratory productivity.

Ÿ The AOC-20s Auto Sampler carousel and robotic arm provide for sample transport to 

the AOC-20i Auto Injector using 1.5 mL and 4.0 mL vials. The system is smart too! It can 

tell the difference between the vial types by reading the information from the vial tray 

in use. The AOC-20i/AOC-20s is a powerful automation tool for the GC laboratory that 

allows the user to take full advantage of the GC system's capabilities.

Click here >

AOC-20i/AOC-20s

https://www.shimadzu.com/an/products/gas-chromatograph-mass-spectrometry/gc-ms-system/aoc-20iaoc-20s/index.html
https://www.shimadzu.com/an/products/gas-chromatograph-mass-spectrometry/gc-ms-system/aoc-20iaoc-20s/index.html
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