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Context

• Ubiquitous, petroleum-derived food contaminants

• Enter the food chain through various pathways: contact with contaminated food 
packaging, machinery lubricants, or because of poor storage practices, …
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MOSH – mineral oil saturated hydrocarbons MOAH – mineral oil aromatic hydrocarbons

MOSH: Linear and branched alkanes
Branched cycloalkanes (C10-C50) MOAH: Branched mono- or polyaromatic 

compounds (C10-C50)

Appear as complex mixtures of variable composition



Risk assessment
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Risk assessments of mineral oil hydrocarbons in food (2012 & 2023)

MOSH

Generally considered of no concern at the 
concentrations found today in food 
Can accumulate in the human body.

MOAH

Considered of concern:
genotoxicity of MOAH with ≥3 AR

Absence of reliable toxicity data for 1-2 AR MOAH



Risk assessment
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Risk assessments of mineral oil hydrocarbons in food (2012 & 2023)

MOSH

Generally considered of no concern at the 
concentrations found today in food 
Can accumulate in the human body.

MOAH

Considered of concern:
genotoxicity of MOAH with ≥3 AR

Absence of reliable toxicity data for 1-2 AR MOAH

Regulation (EU) 2023/915 limiting total MOAH levels in food 
Entering into force in 2027



Requirements for method of analysis
Regulation (EC) No 333/2007 

defining the requirements for methods of sampling and analysis 

for the control of levels of MOH in foodstuffs
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PARAMETER CRITERIA

SPECIFICITY Reliable MOSH/MOAH quantification, excluding co-extracted interferences; 
GC×GC characterisation when needed

RECOVERY 70–120%; lower values acceptable for alumina clean-up for MOSH or epoxidation for MOAH. 

REPRODUCIBILITY ≤ 20% ; higher values may be acceptable for products with endogenous interferences. 

LOQ Based on declared or determined fat/oil content: < 4% fat/oil: ≤ 0.50 mg/kg; 4–50% fat/oil: ≤ 
1.0 mg/kg, or ≤ ML if ML ≤ 0.50 mg/kg; 50% fat/oil: ≤ 2.0 mg/kg; spices, dried 
herbs/tea/infusions, food supplements, essential oils, fish/marine oils, algae oils: ≤ 5.0 
mg/kg.

Analyses performed using methods validated to meet these 
criteria are expeted to yield comparable results



Same method, same criteria, different results
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Laboratory A Laboratory B

« There are < 2 mg/kg MOAH »
COMPLIANT

« There are 16.3 mg/kg MOAH »
NON-COMPLIANT



Angry customer!
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Same method, same criteria, different results
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Laboratory A Laboratory B

« There are < 2 mg/kg MOAH »
COMPLIANT

« There are 16.3 mg/kg MOAH »
NON-COMPLIANTWhy this discrepancy?



Method of analysis
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Food sample
(e.g., oil)

ISO 20122:2024  Vegetable oils — Determination of mineral oil saturated hydrocarbons (MOSH) and aromatic hydrocarbons (MOAH) with online coupled HPLC-GC-FID analysis — Method for low LOQ



Method of analysis
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Saponification + 
L/L extraction (C6)

Food sample
(e.g., oil)

Can be a source of discrepancy

Depending on the saponification procedure 
used, variations in the results are possible

Discussed in my poster FOOD-10 

ISO 20122:2024  Vegetable oils — Determination of mineral oil saturated hydrocarbons (MOSH) and aromatic hydrocarbons (MOAH) with online coupled HPLC-GC-FID analysis — Method for low LOQ



Method of analysis
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• HPLC: used as a « sample prep » step to separate MOSH from MOAH (& retain polar interferences)

• MOSH & MOAH are injected separatly in GC-FID → elute as a hump
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• Quantification and quality control of the correct transfer between HPLC and GC is performed using various 
internal standards (4 for MOSH, 5 for MOAH)

Saponification + 
L/L extraction (C6)

HPLC-GC-FID 
analysis

Food sample
(e.g., oil)

Removal of TAGs from sample
Allows extract concentration and  LOQ

ISO 20122:2024  Vegetable oils — Determination of mineral oil saturated hydrocarbons (MOSH) and aromatic hydrocarbons (MOAH) with online coupled HPLC-GC-FID analysis — Method for low LOQ



ISO 20122:2024  Vegetable oils — Determination of mineral oil saturated hydrocarbons (MOSH) and aromatic hydrocarbons (MOAH) with online coupled HPLC-GC-FID analysis — Method for low LOQ

Method of analysis
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Co-extracted interferences
Do not allow to integrate the hump



Method of analysis
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Reduction of biogenic olefins
(MOAH fraction)

Reduction of long chain n-alkanes
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PURIFICATION FROM INTERFERENCES

PURIFICATION STEPS



Purification from biogenic interferences
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MOSH MOAH

Removal of long chain n-
alkanes

Removal of biogenic alkenes

by SPE with aluminium 
oxide

by epoxidation by HPLC

Nestola 2017, Nestola 2022

Silica column

Gorska et al., 2025

All these purification methods are imperfect: they are not selective and lead to +/- extensive MOH losses. 

As well, they do not always allow complete removal of interferences 

Despite purification, interpretation and integration issues may persist
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MOAH (no purification)
MOAH (epoxidation)

Blank

Reduction of interferences

n
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MOAH (no purification)
MOAH (epoxidation)

Blank

But is this hump MOAH?
Or is it residual interferences?

Subject to interpretation



GC×GC for confirmation
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Regulation (EC) No 333/2007 

defining the requirements for methods of sampling and analysis 

for the control of levels of MOH in foodstuffs

PARAMETER CRITERIA

SPECIFICITY Reliable MOSH/MOAH quantification, excluding co-extracted interferences; 

GC×GC characterisation when needed
RECOVERY 70–120%; lower values acceptable for alumina clean-up for MOSH or epoxidation for MOAH. 

REPRODUCIBILITY ≤ 20% ; higher values may be acceptable for products with endogenous interferences. 

LOQ Based on declared or determined fat/oil content: < 4% fat/oil: ≤ 0.50 mg/kg; 4–50% fat/oil: ≤ 
1.0 mg/kg, or ≤ ML if ML ≤ 0.50 mg/kg; 50% fat/oil: ≤ 2.0 mg/kg; spices, dried 
herbs/tea/infusions, food supplements, essential oils, fish/marine oils, algae oils: ≤ 5.0 
mg/kg.



GC×GC for confirmation
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GC×GC for confirmation
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MOAH fraction - sunflower oil – 2 replicates

At low MOAH concentrations (~LOQ), and 
even in absence of interferences, 

interpretation may also be difficult

Do we see MOAH or is it just a baseline 
drift in both cases?

GC×GC allows to conclude with more 
confidence

MOAH



Importance of GC×GC
• Current purification approaches combined with HPLC-GC-FID analysis are 

not robust for matrices containig persistent interferences and cannot reach 
performance criteria required by Regulation (EC) No 333/2007 for any food 
matrix

• GC×GC is highly relevant to increase reliability of conclusions

• But reading a GC×GC chromatogram is also subject to interpretations! It 
requires training.
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Harmonizing interpretation in GC×GC
• To support current and future GC×GC users in MOSH/MOAH context, and harmonize 

interpretation, a guidance from the EURL-PC was recently published (2025). 

• Currently: only qualitative.
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European Union Reference Laboratory for Processing Contaminants (EURL-PC), Montoya-Arroyo, A. (Ed.), Cederberg, T. L. (Ed.), Gorska, A. (Ed.), Purcaro, G. (Ed.), Richter, L. 
(Ed.), & Biedermann, M. (Ed.) (2025). Analysis of MOSH and MOAH in food by GC×GC: Guidance on analysis, interpretation and data reporting. European Reference 
Laboratory for Processing Contaminants (EURL-PC) & DTU National Food Institute. https://doi.org/10.11581/fbe4e1ce-65c2-468f-9cea-cb3a140beade



GC×GC for quantification?

• Quantification of MOSH/MOAH using HPLC-GC×GC-FID is possible, and can yield equivalent 
results to HPLC-GC-FID for not too complex matrices (Bauwens, 2023)

•  However, altough it greatly helps, GC×GC alone does not solve all the issues → 
interferences still coelute, and there integration still involves interpretation from the operator. 

• Small variations in the trimming can have strong influence on the result, particularly at 
MOAH levels ~ LOQ (which is often the case)

22

Trimmed MOAH humpMOAH chromatogram
Matrix: E471 (food additive)



Solutions?
If nor sample preparation, nor GC×GC allow to reach required analytical performance 

criteria for all matrices covered by regulation, what are the solutions?

23

2 scenarios to be considered

Regulation remains 
on total MOAH

Regulation focuses on the 
genotoxic sub-fraction of MOAH 

(i.e., fraction with MOAH 3+ AR)



Focus on total MOAH
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1) Investigation of different LC and SFC stationary phases to 
notably evaluate purification potential from interfereces

Evaluation of how MOSH/MOAH and interferences elute on 
these columns by collecting eluting fractions and injecting 
them in GC×GC

Poster HYPH-06 of Damien Pierret

Potential perspective: a multidimensional solution allowing 
to improve resolution of interferences from MOH

(e.g., by combining LC and/or SFC fractionation with GC×GC)



Focus on toxicologically relevant MOAH
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2) Focus on MOAH with 3+ AR and low alkylation

Analytica Chimica Acta
Volume 1401, 1 June 2026, 345376

Approaches that adapt the selectivity of the extraction solvents (e.g., extraction with 
DMF or DMSO) → extract mostly MOAH 3+ AR with low alkylation, and reducing co-
extracted interferences

J.-C. Carrillo, et al. Reg Tox 
Ph 106 (2019) 316-333



Focus on toxicologically relevant MOAH

HPLC Fractionation of MOAH based on their number of aromatic rings! 

13-06-25 aleksandra.gorska@uliege.be 26

MOAH with 3 aromatic rings and moreMOAH with 1-2.5 aromatic rings
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2) Focus on MOAH with 3+ AR and low alkylation

A. Gorska, G. Bauwens, M. Beccaria, and G. Purcaro, J. Chromatogr. A 1743, 465684 (2025).



Which strategy to follow?
Both strategies should be studied and considered in parallel of the refining of our 
understanding of toxicological properties of MOAH. 
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Only most polar MOAH (DMSO-extractable MOAH) are currently evaluated in vitro as the 
other sub-fractions do not solubilize well in culture media used for testing. 

Also a problem of sample preparation, and a field in which research is needed!

But … toxicological evaluation of MOAH is as challenging as its analysis in food!



Conclusion

• Current MOSH/MOAH methods do not yet consistently meet regulatory requirements 
for all food samples.

• GC×GC is very useful, but coelutions remain and it does not solve all limitations.

• No ready solution is available yet. Current work explores complementary selectivities 
and dimensions, including LC, SFC, GC×GC and selective LLE.

• The optimal strategy will also depend on refined toxicological knowledge, which is still 
limited by poor compound solubility … but we are also working on it ☺ 
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Sample preparation for MOSH/MOAH analysis:
applicability of current methods and analytical limits
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Thank you!
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