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Experiments with glycoles
Different combinations in applications of EG and PEG400 in the presence and
absence of chloride ions were tested for the formation of 2-CE in injector ( GC-
MSMS)

Experiments with dried plant matrices
Freshly harvested, cleaned, sliced and dried dandelion root samples were 
fine mixed with PEG400 (w/w 0.1 %) and analysed for 2-CE with GC-MSMS 
and HS-GC-MS:

30 food supplement samples were tested using HR-LC-MS

(Agilent 6546 Q-TOF LC/MS-System) for 40 different PEG

compounds including esters and derivatives. In products with

high levels of 2-CE using GC-MSMS we could also detect high

levels of various PEG compounds.

The presence of EG/ 
PEG400 especially in 
combination with HCl 
enhanced the 2-CE signal 
with the factor of 6 from 
2510 cts to 14763 cts. 

2-CE was formed in the 
presence of EG and HCl, 
even if it was not detected 
in the blank. Formation 
took supposedly place in 
the  GC-injector. 

fresh          fresh                                     fresh 
 sliced                                   sliced
                                                                                         dried              powdered

1. Refined exposure assessment of polyethylene glycol (E 1521) from its use as a food additive; https://www.efsa.europa.eu/en/efsajournal/pub/5293
2. COMMISSION REGULATION (EU) No 10/2011 of 14 January 2011 on plastic materials and articles intended to come into contact with food, https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0010
3. Yue Zhao et al., Formation of 3-MCPD Fatty Acid Esters from Monostearoyl Glycerol and the Thermal Stability of 3-MCPD Monoesters, Journal of Agricultural and Food Chemistry, Vol 64/Issue 46
4. §64 LFBG: determination of pesticide residues in fruit and vegetables using GC-MS and/or LC-MS/MS after acetonitrile-extraction/distribution and cleaning with dispersive SPE (QuEChERS) (acc. to DIN EN 15662); L 00.00-115
5. Gorge Wypych, RINCIPLES OF THERMAL DEGRADATION, chapter 4.1.4 HYDROGEN CHLORIDE, 2015, Pages 79-165 https://www.sciencedirect.com/topics/chemistry/dehydrochlorination
6. M. Shang et. al., study on aging behavior of polyethylene glycol under three wavelengths of ultraviolet light irradiation, RSC advanced, Vol. 13, issue 49, 22 November 2023, Pages 34576-34586

* Confirmation of the 6-PEG
(hexaethylene glycol) 

structure in 2-CE positive sample
2-CE amount: 2.8 mg/kg

* Confirmtion of the 9-PEG 
(nonaethylene glycol)
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Monitoring of 2-CE positive samples for PEG

measurement technique HS-GC-MS GC-MSMS

sample preparation thermal extraction QuEChERS

root powder sample ad. + PEG 
0.1 % ( w/w)

n.d.                                       
LOQ: 0.05 mg/kg

1.0 mg/kg         
 LOQ: 0.02 mg/kg

What do 3-MCPD and 2-chloroethanol
have in common ?  

example diacylglycerols DAG
(TAG/ MAG [3])

PEG

chlorid [Cl-]  

T >200 °C

The measurement with HS-GC-MS does 
not produce any 2-CE signals.

2-CE was formed with the yield of 
approx.  0.1 % (w/w of PEG400)

digestion
deesterification

3-MCPD diester
n

aging of PEG to 
smaller chains [5] *
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With our research we could prove the clear relationship between the 2-

chloroethanol (2-CE) findings and the presence of polyethylene glycol (PEG) or

ethylene glycol (EG), especially in food supplement samples. It is known, that results

of HS-GC-MS vs. GC-MS/MS analyses often do not match or are even contrary,

particularly in food supplements. We can now provide an explanation for 2-CE as a

false positive.

The most important sources of EG / PEG units include the following:

- E1521 as a food additive [1], up to 1 % is allowed in food supplements

- Packages: Food contact materials, various esters of PEG mentioned in the

regulation [2]

- Modified PEG substances in agricultural use

- Ingredient in cosmetics, tooth tablets, bath additives, liquid soaps, up to 1 %

- Natural sources, some plants especially in fruits can form glycols during their

pathways

Clear formation of 2-CE was observed, particularly after mixing the samples with

PEG in the presence of chloride ions and measurement by GC-MSMS. In contrast, no

2-CE was detected when the samples were measured by HS-GC-MS.

The reason for the differences in results between HS-GC-MS and GC-MSMS

analyses, is the presence of PEG / EG and chloride in the hot injector of GC-MSMS.

Apart from present NaCl used as a QuEChERS salt, HCl can additionally be formed

from organochlorine substances in the injector [5]. Here 2-CE can be formed from

released EG [3].

The proposed pathway of 2-CE formation from EG/PEG is comparable to that of 3-

MCPD from diglyceride ester in the presence of chloride ions and water.

The only difference in origins of formation between 3-MCPD and 2-CE is, that 3-

MCPD is formed from 3-MCPD esters during digestion and 2-CE is from EG, by aging

of PEG [6] or during the thermal degradation in the GC injector.

Therefore, the GC-MSMS measurement can lead to false-positive results.

False positive results can be avoided by simultaneous elimination of PEG / EG source

and heat influence in the GC-injector (2-CE) or drying vs. frying (3-MCPD). Thus,

false positive results cannot occur when measuring with HS-GC-MS, as glycols are

not volatile and consequently do not enter the hot injector. Therefore, 2-CE cannot

be formed during measurements by HS-GC-MS.
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