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-n-alkane
- isoalkane
- cycloalkane

MINERAL OIL HYDROCARBONS (MOH): DEFINITION*

a wide range of products deriving from petroleum distillation fractions

MOSH

Mineral oil saturated hydrocarbons

MOAH

Mineral oil aromatic hydrocarbons

rralkanses branched alkanes

o O 8 A

mona-raphthenes di-naphthencs

S O ¢

tri-naphthenes

sJeejoeci

mana ring aromatics, parily hydrogenated (right side)

OGS
O~ O

2 ring aromatics, parily mywdrogenated (right side)

=
R
~R

3 ring aromatics, party hdrogenatad (nght side)

Aromatic hydrocarbons, mainly

alkylated
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CHALLENGES in MOSH/MOAH analaysis

12
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MOAH analysis by GC-FID
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JRC proficiency test 2023 on olive oil

100
JRC TECHNICAL REPORT |

FCM-22-01: Sample A (QC03 MOAH MN)
Determination of MOSH and MOAH * Xpe = 4354 u(xm] = 113 Ope = 10.88 (in mg/kg)
in edible oil

Proficiency Test Report

80 High uncertainty!

JRC FCM-22/01 70
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E v - *
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Laboratory code

Measurement result ranges reported by participants
Assigned value (x,,): solid black line; Assigned range (x_, + U_, (k=2)): dashed blue lines; Acceptance range (x,, + 2 0, ): dotted red lines.

Bratinova, S., Robouch, P., Cordeiro Raposo, F., Beldi, G., Senaldi, C., Karasek, L. and Hoekstra, E., Determination of MOSH and MOAH in edible oil, EUR 31478 EN, Publications Office of the European Union, Luxembourg,
2023, ISBN 978-92-68-02137-8, d0i:10.2760/208184, JRC133284.
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(Received 5 June 1951)

1958 Capillary
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Available online at www.sciencedirect.com
1991 GCxGC peeres: e —
CHROMATOGRAPHY A
Comprehensive LC X ( EEER Journal of Chromatography A. 1086 (2005) 12-20 —_——
Comprehensive multi-dimensional chromatographic studies on the
Wes W. C. Quigley separation of saturated hydrocarbon ring structures
2000 LC X G C Department of Chemistry, Cer in petrochemical samples
University of W
_ R. Edam?. J. Blomberg"-‘. H.-G. Janssen®. P.J. Schoenmakers?
* University of Amsterdam, Vam ‘t Hoff Inctinute for Molecular Sciences, Amsterdam, The Netherlands
2 0 0 5 L C - G C X G C ® Shell Global Solutions, Shell Research & Technology Centre Amstendam, Amsterdam, The Netheriands
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2. APPLICATION T
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1. A THEORY OF CHROMATOGRAPHY

Gas-liquid Partition Chromatography: the

Micro-estimation of Volatile Fatty Ac ,

Formic Acid to Dodecanoic Ac

By A. T. JAMES axp A. J. P. MARTI®
National Institute for Medical Research, Mill Hill, Lon

(Received 5 June 1951)
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Joumal of Ghromatographic Science, Vol . 18, October 1980

LC-GC |

Multidimensional High Performance
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Ro
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-

GCxGC

Comprehensive LC X C

LCxGC

—

LC-GCxGC

Wes W. C. Quigley

Department of Chemistry, Cei

University of W

* Universty of Amsterdam, Vam 't Hoff Instinute for Molecular Sciences, Amsterdam, The Netherlands

Available online at www.sciencedirect.com

science piRECT®

Journal of Chromatography A. 1086 (2005) 12-20

in petrochemical samples

R. Edam?. J. Blomberg®*, H.-G. Janssen®. P.J. Schoenmakers?

Journal of Chromatography A 1643 (2021) 462044

Contents lists available at SciencaDiract

Journal of Chromatography A

. mm— - . : , P
FI SEVIER journal homepage: www.elsevier.com/locate/chroma

Mineral oil saturated and aromatic hydrocarbons quantification;
Mono- and two-dimensional approaches

Grégory Bauwens®?, Sebastiano Pantd®, Giorgia Purcaro®*

i Andiytical Chemistry Lab, Gemblowe Agro-Bio Tech, University of Lidge, Gemblows, 5030, Belgium
BLECO Furopem Application and Technology Center (EATC) Berlin, Germany

Comprehensive multi-dimensional chromatographic studie
separation of saturated hydrocarbon ring structures

Transfer
valve

LC

FID

GC2

Rxi-12mx 0.15mm x 0.1 pm

BT-TOF MS

O

apolar 2 m x 0.15mm x 0.1 pm

GC1 Mid-polar 15m x 0.25mm x (.25 pm

LE

® Shell Global Solutions, Shell Research & Technology Centre Amsterdam, Amsterdam, The Netherlands

€ Unilever Research and Development, Ceniral Analytical Science, Viaardingen, The Netherlands

13




Q»EEE ilErsice GCxGC benefits for MOSH and MOAH analysis

SRk i#ﬁ‘ech
g " Ideal profile
GC-FID
Saturates (MOSH)
—
g
® Aromatics (MOAH)
B

Masses: S(1)

Degree of alkylation
[E—EERRRRRRRRRRRRRRRS

)
r i

14

1000 2000 3000 4000



%}“EE igblraite GCxGC benefits for MOSH and MOAH analysis

Re %ro- |o ech

ho

Ideal profile

GC-FID

Saturates (MOSH)

Aromatics (MOAH)

of the MOSH

> Baseline

i More accurate

MOSH vs MOAH — No purification quantification
200 A Masses: S(1
180 H =

40

20 A

: _J N!b\MJ‘A LA( IM‘ML( y M “ ‘? ‘
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Ideal profile
12
GC-FID
14 18

' Lufﬂ bar Saturates (MOSH)
z — More accurate
g B, o uantification
2 T8 Aromatics (MOAH) g
: U m Aromaties (MOF

MOAH analysis by GC-FID IS for quantification

Only 5B and TBB are visible.

600 -

400 A

200 A

gl WMMMMWH,

T T T T
Time (s) 400 600 800 1000

Internal standards coeluted with interferences
-> impossible MOAH quantification

MOAH analysis by GCxGC-FID

1000 2000 3000 4000

Internal standards resolved from the interferences

-> quantification of MOAH is possible "
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Food matrices can contain terpenes at concentrations that
overload MOAH chromatograms

MOAH (20 mg/kg) — with matrix
. 4 L |'w I

ccccccccc

100

75

50 -

25 u H ‘“

The[s; 400 600

MOAH (20 mg/kg) — without matrix

riterpenc)
AV Ve VO Y0 Yo Y e e N

B-Carotene
(teraterpene)

7%
50
L L‘
T T T T T T T
400 600 800 1000 1200 1400 1600

18
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Second very important sample preparation step for MOAH ...

Food matrices can contain terpenes at concentrations that
overload MOAH chromatograms

Mostly interferences
ﬁ (natural olefins such

as the carotenoids

MOAH (20 mg/kg) — with matrix
i 4 L |'w I

present in palm oil)

50 -
25 AU n ‘ “
Time [s; 400

MOAH (20 mg/kg) — without matrix ‘”

175

“L L

19
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Time

MOAH (20 mg/

CHALLENGES in MOSH/MOAH analaysis

(EDAcesss

Second very important sample preparation step for MOAH ...

kg) — with matrix

-

L

W‘

~

Food matrices can contain terpenes at concentrations that
overload MOAH chromatograms

Mostly interferences
\‘ (natural olefins such
dhndee 8l as the carotenoids
present in palm oil) —

100

75

50

25 A u n ‘“
400

e (5)

150
125
100
7%
50
L M
T
400

MOAH (20 mg/kg) — without matrix

L

é/\) » ' l S
& B o0
> (present in mame ‘ R
x x S
Squalenc
(triterpenc)
2000 000

~
LV 1000
AV VO Y Ve e e e e N

Epoxidation is used to remove these terpenes

20-40% of MOAH can be also be

(@) O\,O,H
O ' EELQ g O>O lost (particularly those having

MCPBA many db)

Another cause of uncertainty!
20
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An alternative purification method

\ 2/
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Journat of Chromatography A 1624 (2020) 461236 Various attempts were made to remove the olefins from the
MOAH in the liquid preseparation step. Zoccali et al. [25] added
a second HPLC column with silver ions to improve the separation
Journal of Chromatography A between the MOAH and the polyunsaturated olefins, Squalene was
retained beyond the MOAH with up to three aromatic rings, but
not beyond the larger aromatic ring structures, among which are
the well-known potent carcinogenic species. Furthermore, a large

part of the isomerized squalenes and most of the sterenes are

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/chroma

Epoxidation for the analysis of the mineral oil aromatic hydrocarbons eluted earlier [26]. From untreated silica gel, mono- and some di-
in food. An update enes fall into the MOSH fraction [27]. In fact, since the MOAH as
Maurus Biedermann, Celine Munoz, Koni Grob* well as these interferences are eluted in broad HPLC retention win-
Official Food Control Authority of the Canton of Ztrich, PO Box, CH-8032 Zurich, Switzerland dGWS. the Chfﬂn]atﬂgfaphic SE‘DHI’&tiUn does not seem pI'OITliSiﬂg.

“and as | observed that this truth, |
think, therefore | am (COGITO ERGO
SUM), was so certain and of such
evidence that no ground of doubt,
however extravagant, could be alleged
by the sceptics capable of shakingiit, |
concluded that | might, without scruple,
accept it as the first principle of the
philosophy of which | was in search.”

René Descartes (Discourse on the Method)

21

I doubt,
therefore, I try
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L An alternative purification method

N Saponification+L/L | HPLC purification HPLC-GCxGC-FID
extraction (C6) analysis

Allure Silica (250 mm x 2.1 mm i.d. x
5umd,, 60 A (Restek)

HPLC
— = - GC(xGC)

C6/DCM gradient 1
v
( ] | ]
ﬁ @ Gradient 1: 0 min 100% C6; 1.5-6 min 65% C6 35% DCM at 0.3 mL/min

MOAH MOSH 22

Non-purified oil extract
(after saponification)
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N Saponification+L/L | HPLC purification HPLC-GCxGC-FID
extraction (C6) analysis

GC(xGC)

C6/DCM gradient 2

Non-purified oil extract
(after saponification)

Gradient 1: 0 min 100% C6; 1.5-6 min 65% C6 35% DCM at 0.3 mL/min
Gradient 2: 0 min 100% C6; 1.5-14.5 min 98% C6 2% DCM; 14.5-23 min 95%
MOAH C6 5% DCM at 0.3 mL/min 23
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N Saponification+L/L | HPLC purification HPLC-GCxGC-FID
extraction (C6) analysis

E HPLC
— =

C6/DCM gradient 2

GC(xGC)

Non-purified oil extract
(after saponification)

Gradient 1: 0 min 100% C6; 1.5-6 min 65% C6 35% DCM at 0.3 mL/min
Gradient 2: 0 min 100% C6; 1.5-14.5 min 98% C6 2% DCM; 14.5-23 min 95%

Purified MOAH C6 5% DCM at 0.3 mL/min 24



¢ LIEGE université

2 Gembloux LC-GCxGC: An alternative purification method (ﬂACESSMS

Agro-Bio Tech

Joumal of Chromatography A 1743 [2025] 465684

Contentz lists available at CcienceDir=ct

Journal of Chromatography A

LC-GCxGC-FID/MS 5| | =

FI SEVIER joumal home page: www.elseviercomocate/chroma e * = _

Purification of mineral oil aromatic hydrocarbons and separation based on Very good removal of carotenoids and squalene

the number of aromatic rings using a liquid chromatography silica column.
An alternative to epoxidation

Aleksandra Gorska ®, Grégory Bauwens ®, Marco Beccaria "0, Giorgia Purcaro ™’ Other te rpeno|ds are Iess We” removed é

MOAH Recovery LC Purification:
94% * 2%

Epoxidation
mCPBA performic acid
82%+ 10% 71 +16%
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The LC purification method also allows to separate and quantify MOAH based on their number of
aromatic rings.

MOAH with 1-2.5 aromatic rings MOAH with 3 aromatic rings and more

HPLC-GC-FID = most common system for MOSH/MOAH analysis

C6/DCM gradient 2
C6/DCM gradient 1

~ HPLC
- Silica column

250 mm = 2.1 mmid. %5 umd,

(

GC(xGC)

Non-purified oil extract
(after saporification)

5

26
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The LC purification method also allows to separate

HPLC-GC-FID = most common system for MOSH/MOAH analysis

C6/DCM gradient 2
C6/DCM gradient 1

HPLC

=
Silica column

250 mm = 2.1 mmid. %5 umd,

Non-purified oil extract
(after saporification)

GC(xGC)

aromaticr

MOAH with 1-2.5 arc

1490.92
0.084

1999.88
0.116

299,85
0.148

LC-GCxGC: An alternative purification

OR126
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Normal-phase HPLC as a superior alternative to epoxidation for biogenic
interferences removal in mineral oil aromatic hydrocarbon analysis in food

Aleksandra Gorska', Grégory Bauwens', Marco Beccaria?, Giorgla Purcaro’

f Joux A ige, a
2 Department of Environmental and Prevention Science, University of Ferrara, Via L, Borsari 46, 44121 Ferraro, ialy

CONTEXT

% Mineral oil aromatic hydracarkons [MOAH) are
pealsum-derived food contaminants that
e associated with genotoxis properties,
particularly MOAH with =3 arematic rings (AR]
m-

% Cunently, there is & de facto mit en totsl
MOAH in food ranging from 0.5 1o 2.0 mg/kg

o et s ]l Epesmin cnaan
& MOAH analysis is performed using HPLC. o) C

GC(x0

D sitar @ more or less complex
sample preparstion procedurs, depending on
the matrix

% The reference mathod for MOAH analysis if
vegetable oils is the IS0 20122:2024.

WORFKLOW FOR THE PURIFICATION OF TERPENIC INTERFERENCES FROM MOAH BY HPLC ON SILICA [3]

HPLC

2025

BRUGES
BELGIUM

i

Toeh, i .

INTRODUCTION

CHALLENGE

% Food matrices contain terpenos, which share structural similarties ta MOAH, but are
often more bundant than MOAH  overload GC chromatogram, making MOAH
determination difficult

# Thase interferences are ususlly (partially) ramoved by epexidation

% Epexidation iz not selective and leads to 20-40 % losses of MOAH {particularty of

MOAH with & high numbser of deuble bends)
E —

- | >
(RN

palen o
spikad with PAHz and MOAK

MATERIALS & METHODS

apikod with PAHs and MOAN

method

°
[ ] Academ;

PRELIMINARY OBSERVATION
When eluted on a silica celumn, MOAH:
1. Show an elution arder by number of arematic rings

2. Elute earlier than some terpenic interferences (squalene,
carotenes)

GOAL OF THE WORK
To validate an HPLC fractionation method ...
+ That removes interferences from MOAH

* That separates MOAH based on their number of
AR

+
w
HoRH MOAM  MOAH é
waction 12AR z34R
SPIKED VEGETABLE SAMPLEF o1 L GC{*GC}-FID/TOFMS)

‘OIL EXTRACT COLLECTION OF MOAH (TOTALOR1-2 AR & 23 AR) [N MIDPOLAR » APOLAR GOLLMN SET 3]
PREPARATION OF THE EXTRAGT  WPLG SYSTEM e
- Unsaponiabe s from 1 g of + MPLC:Aglent v s 1514 5min T . u

vegeabie o o, urfomr, o, o ORI P o
or cocgeut) n 1 ml - obiabed  acquring 1230 im + Column backiushc 8 15 min 100%.0cMar | DCMaEQ3mbdmin | Cor g
ollomng el + Column: Allw sl 380 mm = 21 05 mUmin - Column beckfiush & resquilbrasiomsac ] 1 o P
oo wih 16 8 610 A Pk i« 8 o, 62 A Raster) a s 5 i
st wa cooen (Co v o , - 205 min, Fors sepstonin 1-2and 5305
MOSHMOAH  mtereal #6000 Syurzanand) sQupped W BICHIER . MOAH collectad butwaan 4.4 858 min ing £BcHON, e Cutwes parfanrad atS.5
ook 421070) ¢ minwesi il ‘valves and an HPLC oolection ool min
I. PURIFICATION EFFICIENCY II. SEPARATION BY NUMBER OF AROMATIC RINGS
MOAH FRACTION - PALM OIL TOTAL MOAH (SUNFLOWER OIL) MOAH WITH 1-2 AR MOAH WITH 3 AR
|
g
H
O PRACTION - OLIVE O 8 1 1
& I il |
g
[ ] ¥ " n

The HPLC purification method was efficient at removing carotenes strongly
overloading the GC chromatogram of the MOAH frastion of palm, as well as

squalens, present both in palm and olive oils.
sunflower oil snd Lot shown as not rick In

GC or GC*GC system. This offars

The used elution gradient allowed to fractionatz MOAH into 1-2 AR and 23 AR, allowing their separate injection inta the

First, it allows of 23 AR MOAH

Smaller tarpenes prasent in

removed Go-alutie

separate toxicological assessmant

Ill. RECOVERY & COMPARISON WITH EPOXIDATION (ISQ 20122:2024 METHOD FOR MOSH/MOAH IN VEGETABLE OILS)

AND v
CRRA I - Partermic Ac in-t)

AN

zzgarsceggy
EE i!
H

i
H

-

I

T
1151

I
Frgtgetgy
63

c The recovery of PAHs and MOAH intsmal
e standards. wos much mere consistent with
- the proposad HPLC  purification  method
compared 1o the e epasidation procedures
usad as refarance.

v [sa8] N 3% )y conprast 1o epoidation, ma preferential
105505 of compaunds with a higher degrae of
unsaturation were observed.

MOAH racovary (%)

MOAH recoveries showed nigh consistency

REFERENCES

= PALH O )
onriowemoumn 87038 samples and complied with the
SOLVEOIL o2t requirements of the JRC guidance for
& infood (5]

6., the genotoxicity-associated fraction) without requiring GCxGC analysis. Sacond, 1 provides a praparative
one however not spproach to cbtain MOAM fractions enriched in either 1-2 AR or 23 AR compounds, enabling, for example, their
@ HPLC,

+ The propo: icarti he removal
of major terpenic interferences, such as carotenes and
squalene, and allows the fractionation of MOAH into 1-2 and
=3 aromatic ring subgroups.

* Compared to spoxidation, it provides mors consistent
recoveries  without  selective losses of unsaturated
compounds.

+ The method meets the recovery criteria of the JAC guidance
and offers @ tool for both quantification and preparative
isolation of genotaxicologically relevant MOAH fractions.

* Lastly, it employs the same HPLG system (calumn, eluents]
a3 conventianally used for MOAH analysis.

T work 5 e By Forels 4 1 charths Scianticgss Balgiqus (IS} POR
Frojects TouAnaGH T0L87.25
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Work in progress

Exploring different column selectivity

Olive oil + Refined Palm oil + Unrefined palm oil + Sunflower oil

Masses: S(1

1000 2000 3000



¢ LIEGE université

g Cembloux Work in progress (EPAcesss

ty 16,000,000 %
srecior & cnTEETOn TS A = o 18 = .
o e TS T s
PN | = Chi EXZ70n0m, T A TS W Chi i ABTTE  Inks
o e
uuuuuu .
l I a Dlo uuuuu i N
E 203
‘‘‘‘‘‘ c Amino DACC
E oo
27s]
10000-] el
. e
1 20
rrrrr as oo
nnnnn 30 s
. s
4 125
2500 o
0o
11111
zzzzz || =4
[\ L L I e PR E
A AW 0 SEE ] o
N F T B G 4 AN
g 120 zd.o 2¢€, g 380 T 3 s v T G 7
“To =do o >do 320 - : - £ .
Ao T 2o d g biicy Bl
o 2779 % e M intensity : 16.000.000 %
s Ay L E one_Tago e st T ST ETR :
Shel o Blconel 1o
& 4 .
=0
- BI P -
S R [ W I © T S e —
Feo Feo
uuuuuuuuuuuu o
'/'_7
uuuuu Feo 0
uuuuu s0 =0
2500-]
2500 ﬁﬂ‘}\ 40
[ 20
ol
_2s00] e
a5
—s000-]
uuuuuu
______
da 240 d ado o
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SFC/GCxGC for MOSH and MOAH analysis

SFC-PDA

u}
40000
375004
35000
32600
30000
27500
25000

225004

Total MOAH

\‘\ : ‘ ‘ 11| NG d 'Ak
| MOAH fraction' 1
i { NN | L 4ol 1

<3 AR

+>3 AR

MOAH fraction 2

!
] " ~

~
>3 AR

| MOAH fraction 3

MOAH fraction 4

MOAH fraction 5

<3 AR

MOAH fraction 6

>3 AR

MOAH fraction 7

|

MOAH;fraction 8

MOAH fraction 9
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SFC-PDA

“, gl.l-.

Exploring Novel Separation Mechanisms for MOHs Usir~
Supercritical Fluid Chromatography: Preliminary Rest

Gembloux, Belgium

5067 Orlés edex 2, France

MATERIAL AND METH#

Mineral oil (MOHs) are food mainly 2

from petroleum products and that divided into ions: the saturated MOSH— Wi —¢

MOHs (MOSH) and the aromatic ones (MOAH). They are typically analysed by LC-GC-FID, 4fractions

although more detailed characterisation may require a LC-GC*GC-FID/MS system. In this | | (8] m

study, fluid (SFC) was for method screening TOT

purposes. The initial objective was to assess its potential for MOSH/MOAH separation by MOAH— o
evaluating various stationary phases with different selectivities, and to compare the 9 fractions

results with those obtained by HPLC using the standard bare silica column described in

SFC-PDA-FRC
the official method. Among the tested columns, a pyrenylethyl (PyE) phase was selectad Shim-Pack SFC
for further limi i igati For izing the elution profile, the fractions Column; PyE (250x4.6mm) Flow: 3mL/min
collected from the SFC were analysed by GCxGC-FID/MS. While the bare silica column ion Modifier: Methanol Gradient: 5-25%

enables MOAH separation by aromatic ring content in HPLC, the selected PyE column BPR: 150 bars. Detection: A=210nm
used in SFC demonstrated a distinctly mixed selectivity, generating a peculiar GCxGC Oven temperature: 25°C

to the silica
LC column: 50x2.1mm) LC-Gex6
GC Columns:.
1D > Rxi 175ilMS (15mx0.25mm)
2D > Rxi 1MS-HT (0.8mx0.15mm)
Injection volume: S0pL Flow; 1.5mL/min
SFC Column Screening Oven temperature: 58°C-350°C

ramp; 5°C/min
MOSH were not visible in

~ the PDA, while MOAH
gave a signal which was

i difficult to
i distinguish  from  the
baseline as MOAH are a
complex  mixture  of
-~ isomers not
i by any

Example of the elution |
N pattern of a MOAH "

sample, fractionated | I

e | MOAH fraction 4

HPLC and analysed by

GCxGC.

(TN ERNNATERR

AN

2. SFC fractionation of MOSH/MOAH ‘ major

the baseline instability for some columns (e.g. Gis Il)
OnEyE coll hindered the detection of any possible hump given by the MOAH
I elution.
i LT MOAH sa:pla
= o |afs| i
- = ;l. 2lalafsle|7inls
= |

In this first trial MOSH and MOAH were still partially coeluted. Nevertheless, the
selectivity that the PyE column used in SFC provides was very peculiar and largely
different from the regular silica column used in LC. The separation is neither related to
aromatic ring content (such as in the silica in HPLC) nor to the number of carbon atoms.

<3 AR
NTRIBUT!
X Writing -
>3 AR
Q. : Methodology, Investigation s .
C. De Saint Joras: Conceptuslization, Methodology +» Optimize the separation of MOSH and MOAH by SFC MO AH fra Cti on 6
z‘ “:‘“: ”f";ﬂ“""’“’- R:‘“‘f"’":"rx;ﬂ‘“" 5 i + Investigate the difference in selectivity related to the SFC versus
S opRaER, nContfét BaoWOR, PrIe. ciiateten, HPLC mode with silica and PyE columns.
damien.pierret@uliege.be
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Underestimated Hyphenated Redeemed Hyphenated
technique technique

LC-GC LC-GC(xGC)

SPECIAL EDITIOCN

/ Cmdcrcllah

.”_ ‘

".‘1 “%w ‘w {‘f

» Alternative coupling: e.g., SFC- GC
» Miniaturization of LC-GC
» New column selectivity

» Advances deactivation processes 35
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