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% Definition and context

D
:d‘Q MOSH MOAH o
Ubiquitous food contaminants
Mineral oil Mineral oil of petrogenic origin
SATURATED AROMATIC
hydrocarbons hydrocarbons MOAH =3 aromatic rings

associated with GENOTOXICITY
@R @ CCJR O:/j ©\/>—R \_7R &}R 2022: control of MOAH content in

&ja Q:C)R O‘@ ©_R C@/\}R : : :}R food in EU was established
and soon (2027) a regulation
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%. Recent Updates - AOCS Meeting 2024 ¢

Zers
efsa- 2012

Europran Food Sabety Authority EFSA Joummal 2012; 10{6):2704

SCIENTIFIC OPINION

Scienrific Opinion on Mineral Oil Hydrocarbons in Food'
EF5A Panel on Contaminants in the Food Chain (CONTAM)>?

Euwropean Food Safetv Authonty (EFSA), Parma, Iialy
Thes screntific output, published on 28 Augnst 2013, replaces the earher version publizshed on & fune

2012+

2023 | <% 0URNAL

SCIENTIFIC OPINION

ADOPTED: 12 July 2023

dol: 10.2903/].efsa.2023.8215

Update of the risk assessment of mineral oil hydrocarbons
in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

| MOAH
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5. Updates — EFSA requirements

of
SCIENTIFIC OPINION “JOURNAL ’
ADOPTED: 12 July 2023
doi: 10.2903/].efsa.2023.8215 an 2'3

Update of the risk assessment of mineral oil hydrocarbons

efsam w

For MOSH :

e Improvement of analytical methodology for better
characterisation of MOSH .....

e Better investigation of the sources of the
hydrocarbons in food, ....

e Data are needed on ... accumulation potential.

¢ |nvestigation is recommended on the structural
features of MOSH that ... result in accumulation.

e Additional toxicity data are needed ... in particular on
bioaccumulating MOSH following their
characterisation.

* More data on human MOSH tissue concentrations.

e .... needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.

EFSA Panel on Contaminants in the Food Chain (CONTAM),

For MOAH.:

e More selective and sensitive analytical method
should be implemented.

e More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of = 3 ring MOAH.

e Sources of food contamination should be investigated
when MOAH are detected.

e More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
= 3 ring MOAH.

e Oral toxicity data in particular of 1-2 ring MOAH.

e Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.

|
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%, Updates — EFSA requirements
elsam Recommendations

oS JOURNAL
ANALYTICS

ADOPTED: 12 July 2023 QO 2 3 ]l R MVOCM i

oi: 10. /j.efsa. 5
doi: 10.2903/].efsa.2023.8215 |mp|"ovement Of the
methods el ]

MOAH fraction

SCIENTIFIC OPINION

MOSH fraction

Update of the risk assessment of mineral oil hydrocarbons
in food

Saturates (MOSH)

|
% l
F l ‘ _/ Aromatics (MOAH)
s

EFSA Panel on Contaminants in the Food Chain (CONTAM),

EXPOSITION
More detailed
characterization | =
e | TOXICOLOGY |
Additional data on the 5
sub-groups .
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%, Updates - Today
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R, Gembloux MOSH & MOAH: STATE-OF-THE ART

\Jelsam

SCIENTIFIC OPINION

~ efsam

[ ropesn Food Sebety Authosity

2023 < 0oURNAL

EFSA Journal ZOIZ‘IEGI 2704

SCIENTIFIC OPINION ADOPTED: 12 July 2023

doi: 10.2903/].ef52. 2023 8215

Scientific Opinion on Mineral Oil Hydrocarbons in Food'

EFSA Panel on Contaminants in the Food Chain (CONTAM)™? Update of the risk assessment of mineral oil hydrocarbons

in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

MOSH MOAH
\?1 TOXICOLOGY

EXPOSITION J
I

Euwropean Food Safety Autbonty (EFSA), Parou, Ialy
Ths scientfic output, published on 2§ August 2013, replaces the earher version published on 6 June
2012+

ANALYTICS
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%, Updates - Today

’ ¢ LIEGE université

R Gembloux MOSH & MOAH: STATE-OF-THE ART

Zersam

'w-gf":::g«-r w EFSiA Jouna 20131009/3708 SCIENTIFIC OPINION 2023 efs-OJOURNAL

SCIENTIFIC OPINION

ADOPTED: 12 July 2023
1 doi: 10.2903/j.ef5a. 2023.8215
Scientific Opinion on Mineral Oil Hydrocarbons in Food

EFSA Panel on Contaminants i the Food Chain (CONTAM)™? Update of the risk assessment of mineral oil hydrocarbons

in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

European Food Safety Authonty (EFSA), Parma, Inly
Thas scientific output, publizhed on 28 August 2013, replaces the earher version pubhzhed on 6 June
2012*.

_ MOSH | MOAH

<—

ANALYTICS |

y TOXICOLOGY

EXPOSITION
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%, Updates - Analytics (D

Conventional Analytical method

Sample fractionation
(= sample preparation)

. LC-GC-FID

v

Sample dilution (e.g., fats
and oil) |

INTERNATIONAL ISO
STANDARD 17780

LC

Firstedition

Per
L _Mowron |

P

o [ > LOQ 10 mg/kg
| > Max LC loading : 20 mg

MOSH fraction
MOAH fraction

Animal and vegetable fats and
il of al i

oil n
hye e
o HWPLC | Backflush, S00uLmin” | Recondiioning, 500 il min” | 300 L min”
™)
— —
Y] 0 1o (i) wo wo %0 Of fat
EUROPEAN STANDARD EN 16995 -
NORME EUROPEENNE \
EUROPAISCHE NORM June 2007
105 6720010 GC-FID GC_FID

English Version

10 16
» iy
Foodstuffs - Vegetable oils and foodstuff on basis of ¢ Saturates (MOSH)
vegetable oils - Determination of mineral oil saturated P L__—
Bp
i 68, 9°
| I‘Bﬂ Aromatics (MOAH)
. —_—

hydrocarbons (MOSH) and mineral oil aromatic
hydrocarbons (MOAH) with an-line HPLC-GC-FID analysis

SENSITIVITY

of the MOSH

Isolation of MOSH and MOAH from part of the matrix J i )
8 Analytical Chemistry

Gembloux Agro-Bio Tech




Updates - Analytics

Conventional Analytical method

‘ ATION

/lol\

>=< + OH
R” 0O~
Double bond of the Peroxide

olefin

1 Sensitivity (2 mg/kg*)

*Depends on the initial content of fat

EXTRACTION/SAPONIFIC —»\

PURIFICATION

MOAH (20 mg/kg) — with matrix

wm'

.\'. Ao, s ">] &
v
EPOXIDATION
(@)
=
Formation of an Olefin becomes
epoxy bond T more polar
MOAH (20 mg/kg) — without matrix
- t‘EE"

{ LC-GC-FID

= =
ele
| C
E|& L
T | T |[|Pe
8|S |k mMotoron
=2 [~ Bk
100% CHCI,
Hre 00 % hexane
HPLC Backflush, 500 L. min" Recondticning, 500 L min" | 300 L min”
i = =—
¢ " W i ) g T
GC-FID
Saturates (MOSH)
-
g
2 Aromatics (MOAH)
s

N 1ISO 20122:2024

Vegetable oils — Determination of mineral oil

saturated hydrocarbons (MOSH) and mineral oil

aromatic hydrocarbons (MOAH) with online-coupled

high performance liquid chromatography-gas

chromatography-flame ionization detection (HPLC-
C-RID) analysis — Method for low limit of

G
quapfificatio
/T 9 Analytical Chemistry
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%. Updates - Analytics

Conventional Analytical method

EXTRACTION/SAPONIFIC —»l
ATION

PURIFICATION

| LC-GCxGC-FID

| AR

Phytane
1
15 |
| i ‘ c20
S ‘ ‘ A
\ ' |
| |III6” II‘llnTI\l‘lm .
P o ‘ ]
Wl P IV '
\ /‘:J-7,‘5—"_\,u'ur'i_-rlfalv;:-:'hnx‘w‘-"‘S . 'i“ ; . "; ' " r :‘r
l §

1 Sensitivity
1 Accuracy
1 information
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%. Updates - Analytics

1.

Uncertainty in measurement at low regulatory limits — Conventional methods

may not reliably quantify MOAH at 0.5-2 mg/kg, creating a risk of inconsistent

compliance

JRC proficiency test- MOAH in olive oil

FCM-22-01: Sample A (QC03 MOAH MN) I

X = 43.54  ufx,)= 113

o,= 1088 (inmg/kg)

-
=

__________________________

S92 8EK588 =2

Measure!

© Mo YT NN T LT 02 N

qqqqqq

Laboratory code

ment result ranges reported by participants
Assigned value (x,,): solid black line; Assigned range (x,, £ U, (k=2)): dashed blue lines; Acceptance range (x,, +20,,): dotted red lines.

High uncertainty!

Analytical Chemistry
Gembloux Agro-Bio Tech




%, Updates - Analytics

y '\
I v' Improved sample preparation
‘E v"  Increased knowledge/understanding of
g Jata the interferences
$ Interpretation A
= v' Standardization needed
Data
Integratlon v" Harmonization
} EXTRACTION/SAPONIFICATION —»‘ PURIFICATION ;i LC-GC(xGC)-FID ‘

’ \ /\ 12 Analytical Chemistry
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>
)
=
8 Data
g Interpretation
c
D)
Data
Integration

Contents st availzble at ScVersa ScioncaDiract
Journal of Chromatography A

FISEVIER Jjournal homepage: www.olsevier.com/iocate/chroma

Review JRC TECHNICAL REPORT!

On-line coupled high performance liquid chromatography-gas chromatography
for the analysis of contamination by mineral oil. Part 2: Migration from
paperboard into dry foods: Interpretation of chromatograms

Maurus Biedermann, Koni Grob*

materials

JRC TECHNICAL REPORT

JRC TECHNICAL REPORT
Determination of MOSH and MOAH in r
and paper
Petermination of MOSH/MOAH in Shell SN500*
mineral oil

Proficiency Te:
IRC FC

JRC IF 2021-03 - The third
interlaboratory comparison

. Updates - Analytics

Guidance on sampling, analysis and d
- reporting for the monitoring of mineral oil
hydrocarbons in food and food contact

In the fra
Recommq
2017/84

5. Bratinova, ¢

, in edible oil

v Improved sample preparation

v"  Increased knowledge/understanding of
the interferences

v Standardization needed

v" Harmonization

L05; 088 mgkg

JRC TECHNICAL REPORT

Commi

JRC TECHNICAL REPORT

JRC TECHNICAL REPORT

Mlneral oil in infant formulas
- guidelines for integrating chromatograms

Determination of MOAH in Infant Formula

JRC IF 2021-04: a virtugl
inter-laboratory comparison

JRCIF 2020-01 - an exploratory
interlaboratory comparison

Mneral oil in infant formulas u
- guidelines for integrating chromatograms

JRC IF 2021-04: a virtual

o ha 7

JRC TECHNICAL REPORT
JRC TECHNICAL REPORT

Determination of MOAH in Infant Formula JRC TECHNICAL REPORT

[etermination of MOSH and MOAH

JRC IF 2020-02 - The second
interlaboratory comparison

Determination of MOAH in infant formula
Proficiency Test Report JRC IF 2022-05 - the ring trial validation study

JRCFCM-22/01 { \ [\ I

Gembloux Agro—Elo

stry

"ech



%. Updates - Analytics D

Conventional Analytical method

l EXTRACTION/SAPONIFICATION —»‘ PURIFICATION :{ LC-GCxGC-FID

DTU National Food Instiute
European Reference Laboratory for Processing Contaminants

Analysis of MOSH and MOAH in v Qualitative interpretation: the EURL-PC has just

in food by GCxGC. Guidance on published a Guidance for supporting interpretation
analysis, interpretation and data

reporting

v" Quantitative characterization: higher accuracy but
inter-laboratory standardization still missing.

14 Analytical Chemistry
Gembloux Agro-Bio Tech
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| Saponification :

I foroil/fats and high fat |

[ _contentsamples
v

On-line or manual GC-FID

> for MOSH/MOAH -
‘ separation & determination
1
A |
ALOX clean-up Epoxidation
to remove matrix intarferences toremaove matrix interferances
(2.g. odd numbered natural alk 1|'|€w,:| {e.g natural olafins, terpenes)
i =
MOSH fraction — S EELIL™r 3 E e —
yes | | yes
v )
" Interfering ———_ " Interfering
— 2 - - i -
~—_signals present? — —signals prasent? —
._I:I.I T 'E
e Enrichment by i
' Sufficient ———___ - concentration of extract = Sufficient T
Te—__senshivity? _— - Saponification __Esensidvity? _——

- off-line LC pre-separation

I—:‘; 1S

pae—

MOAH Recovery LC Purification
94% + 2%

MOAH R LC Purification
94% * 2%
Epoxidation
mCPBA performic acid

82%* 10% 71+16%
Across 4 matrices

o

LC-GC*xGC-FID/MS

Very good removal of carotenoids and

squalene
Other terpenoids are less well removed é

.,.»

-..c =

M Chemistry
Gembloux Agro-Bio Tech

> 20% of uncertainty!

- -P-!Eusibi!itv-i M |
iy

o e G | GCxGC-FID/MS

e
yes

¥

{*| =me Annex 1

‘ RESULT ‘|~.

Data

Interpretation

Data
Integration

Figure 5 Decision tree on the use of auxiliary methods.

15



%, Updates - Analytics

JRC Edible oil ISO 20122:2024 ( Infant Formula

PT

JRC TECHNICAL REPORT

Petetmivation of MOSH and MOAH
in edible oil

Olive oil sample

B w:g:—zz-:;lls:m:l;n (Q:uzmn:\:s:amm mm! In order to ensure correct signal evaluation, especially at the level of the LOQ, the offset of the baseline Ever if statistically realigible, the mass fraction of total MOAH referred to TBB was corstantly 13 % lower
” Y in the area of integration of MOSH and MOAH must not exceed one quarter of the height of the signal than the one obtaired using 2MN. It is theretore recommended, in orcer to ensure proper comparability of
High uncertainty! to be integrated (see Figure 18, Anmex A). In such cases the chromatographic separation performance results, to report the MOAH in IF using TBB as the internal stardard

of the system must be improved or the LOQ must be increased.
Still, users should be aware that this experimental protocol does not fully rermove all the interfering
i . ) compounds present in some challenging rmatrices, which may reguire a2 cautious irterpretation ard
- appropriate straight baseline, blank level < 1/3 of the LOQ, irtegration of the recorded chromatograms. Further characterisation with two-dimensioral GC-GC
- peaks are symmetrical and do not show a significant tailing, techrigues may be reguired.

- complete separation of solvent and C10,

- discrimination C10/C20 and C50/C20 between 80 % <x < 120 %,

- peakratio between TBB and 2MN <1.25,

- Check the LOQ of a matrix by adding a suitable mineral oil product before sample preparation. The
signal of the hump at the LOQ should have a relative standard deviation < 20 % and a signal o noise

- i —— ratio 2 10. In addition, the LOQ should be tested with a mineral oil product, whose signal width from
Assigned value (i, ): solid black line; m.,n:?;rr::f: :f_ bo2): dashad bus loes, Acceptance range (x,.42,.): dotted red lines. start to end is comparable to or higher than the boeiling range of the MOH in the sample to be evaluated.

In summary. the following conditions should be examined:

Mass feaction

Laboratory code

Not specifically discussed, but

discrepancies TBB/2MN observed peak ratio between TBB and 2MN total MOAH referred to TBB was constantly 13
from multiple labs <1.25 % lower than the one obtained using 2MN.

peak ratio between TBB and 2ZMN = 1.00

[\ 16 Analytical Chemistry
Gembloux Agro-Bio Tech




i: Updates -Analytics Extraction/saponification ‘”

\

(1’,

& 4

JRC Edible oil

1ISO 20122:2024 Infant Formula @

Olive oil sample

When complete saponification is applied and the extraction of mineral oils is performed in hexane in

the absence of fat layers, the ratio TBB vs 1- or 2-MN is above 1 with a mean value around 1.15, even |u«
after a second hexane extraction of the aqueous saponification solution. This was confirmed during |
the two ring trial validation studies for the determination of MOSH/MOAH in edible oil and fats by [ o
CEM and in infant formula by the JRC organised in 2021/22. It might be attributed to the difference in
distribution between the agueous and hexane phases of the two [5 belongmg to two drﬂ‘erent classes
of substances [(2-ring non-branched and single ring branched aromatic

JRC TECHNICAL REPORTS the gquantification s performed vs TBB as the efficiency of the extr TBB/ZMN =1.15
hexane is lower. Consequently, when saponification is applied, the results reported vs TBB should be
reported with uncertainty reflecting the contribution of the saponification step.

FCM-22-01: Sample A (QC03 MOAH MN) | v ‘

g X ulrge) = 113 1088 (in mgfkg)
80 | High uncertainty! ‘ :
i

Guidance on sampling, analysis and data

reporting for the monitoring of mineral
oil hydrocarbons in food and food peak ratio between TBB and 2MN total MOAH referred to TBB was constantly 13
contact materials - 2™ Edition <1.25 % lower than the one obtained using 2MN.

In the frame of Commission
w Recommendation (EU) 2017/84

S. Bratinova, P. Robouch, E. Hoekstra

2023
’ \ [\ 17 Analytical Chemistry

Gembloux Agro-Bio Tech

peak ratio between TBB and 2ZMN = 1.00




¢ LIEGE université GC: a partition process
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An internal standard should be representative!

c40

4

C20 C24C25 C35

€13 Cl6

Ccl0 Cl1

Masses: TIC

MOSH

\
4|||||I||||.

't' 1 “h

Non polar stationary

Mid-polar stationary phase



Updates - Analytics

Extraction/saponification ‘n

ISO 20122:2024 sap

ISO 20122:2024

ISO 20122:2024 Tot

ISO 20122:2024

wash TBB/2MN after ISO 20122:2024
4 m Hex 2.5 m Hex 5.5 m Hex 1.40
EtOH
= EtOH . = EtOH 120 |1.14 [117] [1.17]
H20 H20 H20
1.00
KOH:3.4M 0.80
Blank FH Palm Coconut Rice Bran Extra
(n=2) Rapeseed Oil(n=2) oil(n=1) Oil(n=1) virgin
oil (n=1) olive oil
(n=1)

’ \ [\ 19 Analytical Chemistry
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Updates - Analytics

Extraction/saponification ‘n

ISO 20122:2024 sap

ISO 20122:2024

ISO 20122:2024 Tot

1.40

1.20

1.00

ash
2 m Hex 2.5 m Hex 5.5 m Hex
= EtOH = EtOH = EtOH
H20 H20 H20
KOH:3.4M

1.40

Bauwens et al. sap

S m Hex

= EtOH
H20

Bauwens et al. wash

m Hex
= EtOH
20 H20

Bauwens et al. Tot

\ m Hex
25 . = EtOH
H20

1.20

1.00

0.80

KOH:2 M

ISO 20122:2024

TBB/2MN after 1ISO 20122:2024

AR

1.17 17

i

TBB/2MN after Bauwens & Purcaro (2024)

-
-
w

1.16
| IS
Blank FH FH Palm Coconut Rice Bran Extra

(n=2) Rapeseed Oil(n=2) oil(n=3) O0il(n=7) virgin

oil (n=2)

|

20

olive oil
(n=2)

Analytical Chemistry

Gembloux Agro-Bio Tech



Updates - Analytics

ISO 20122:2024 sap

ISO 20122:2024

ISO 20122:2024 Tot

ash
3 m Hex 2.5 m Hex 5.5 m Hex
m EtOH m EtOH m EtOH
H20 H20 H20
KOH:3.4 M
DGF/ISO " DGF/ISO Test S1 Test S2 Test S3
(2. Ext.) (3. Ext.) (2. Ext.) (2. Ext.) (2. Ext.)
2 -

g
ce O
S5 2]
8
2§ -
o a
g8 8
S8 10 -
?, s 12
T2 12
=L 14
0 05-B/TBB @m2-MN/TBB = 1-MN/TBB mPer/TBB

_16 J

Extraction/saponification ‘n

ISO 20122:2024

TBB/2MN after ISO 20122:2024

1.40
m @ u

1.20 1.17 17

1 NN l

TBB/2MN after Bauwens & Purcaro (2024)

1.40

1.20 1.16

o] U
1.00 ]
0.80

Blank FH FH Palm Coconut Rice Bran Extra

(n=2) Rapeseed 0Oil(n=2) oil(n=3) O0il(n=7) virgin

|

Analytica Chimica Acta 1376 (2025) 344591

Contents lists available at ScienceDirect

Analytica Chimica Acta

ELSEVIER journal www.elsevier.com/locate/acs

Towards a better understanding of saponification for the determination of &=
mineral oil hydrocarbons (MOH) in edible oils and fats — Evaluation and
optimizatiou of current protocols

Maximilian Koch*"'©, Gerd Hamscher *®, Ludger Brithl*

» Department f Sqfty and Quolity of Corsk, M Fabr-bnias, Fakrat Bescorc bsiae or Nokrito: and Food, Schitesbery 12, 32750, Detmwd, Gamany
" Inssinute of Food Chemisery and Food Bic Jusss Liekig v Buff-Ring 17, 38392, Gicssen, Germany

J\ I 21
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%, Updates - Analytics

ISO 20122:2024 sap

ISO 20122:2024

ISO 20122:2024 Tot

Solid soap

ash
3 m Hex 2.5 m Hex 5.5 m Hex
= EtOH = EtOH = EtOH
H20 H20 H20
KOH:3.4 M
DGF/ISO " DGF/ISO Test S1 Test S2 Test S3
(2. Ext.) (3. Ext.) (2. Ext.) (2. Ext.) (2. Ext.)
2 -
g
c L 0
® R
g .5 -2 _ ljd———r
S8 41
0 -6
8 8. Bauwens et al. Tot Bauwens et al. modifi
T 8 -8 - Koch
2 :
8'-":' -10 A m Hex = Hex
©
.‘% A -12 A 25 ’ = EtOH = EtOH
= b H20 '
=L -14 - _
% 05-B/TBB m2- BBl
-16 J

Extraction/saponification ‘n

ISO 20122:2024

TBB/2MN after ISO 20122:2024

1.40
m C u
1.20 1.17 17
1 0n l
TBB/2MN after Bauwens & Purcaro (2024)
1.40
1.16
1.20 1.13
o] 19 [1.13}-
1.00 ]
0.80
Blank FH FH Palm Coconut Rice Bran Extra
(n=2) Rapeseed 0Oil(n=2) oil(n=3) O0il(n=7) virgin

Analytica Chimica Acta 1376 (2025) 344591

Contents lists available at ScienceDirect

Analytica Chimica Acta

ELSEVIER journal www.elsevier.com/locate/acs

Towards a better understanding of saponification for the determination of %5
mineral oil hydrocarbons (MOH) in edible oils and fats — Evaluation and
optimizatiou of current protocols

Maximilian Koch*"'©, Gerd Hamscher *®, Ludger Brithl* @
 Doparmenof Sy and Quality of Coral, M b, Pt Rsearh I or Nvidon and Food, Schisanbary 12, 33756, Derold, Germany
" Inesinute of Food Chemisery and Food Bie Justss Liekig 5 Buff-Ring 17, 3532, Giessen, Germany

J\ I 22
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%, Updates - Analytics

ISO 20122:2024 sap

ISO 20122:2024

ISO 20122:2024 Tot

ash
3 m Hex 2.5 m Hex 5.5 m Hex
= EtOH = EtOH = EtOH
H20 H20 H20
KOH:3.4 M

Bauwens et al. sap

S m Hex
= EtOH
H20

Bauwens et al. wash

m Hex
= EtOH
20 H20

Bauwens et al. Tot

‘ m Hex
25 . = EtOH

Koch et al. sap

1.

m Hex
= EtOH
H20

H20
KOH:2 M

Koch et al. wash

0
m Hex
= EtOH
12 H20

Koch et al. Tot

13.5 = Hex
= EtOH

IST ratio deviations from the neat

KOH:2.01 M

ISTD after saponification [%)]

Extraction/saponification ‘n

ISO 20122:2024

TBB/2MN after ISO 20122:2024

1.40
1.20 ?1_14 1.18] [1.17
1 0n I I I l
TBB/2MN after Bauwens & Purcaro (2024)
1.40
1.16
1.20 1.13
o g Gz
- ] I
0.80
Blank FH FH Palm Coconut Rice Bran Extra
(n=2) Rapeseed 0Oil(n=2) oil(n=3) O0il(n=7) virgin
DGF/ISO DGF/ISO Test S1 Test S2 Test S3
(2. Ext) (3. Ext) (2. Ext.) (2. Ext.) (2. Ext.)
2 -
0
-2
-4 -
-6
-8 A
-10 A
-12
14
05-B/TBB m2-MN/TBB m1-MN/TBB lPer/TBB|
-16 - ermg eme —..E€MiStry

J \ J\ b

Gembloux Agro-Bio Tech



5: Updates - Analytics Extraction/saponification ‘n

ISO 20122:2024 sap ISO 20122:2024 ISO 20122:2024 Tot ISO 201 22.2024
ash TBB/2MN after ISO 20122:2024
B m Hex 2.5 m Hex 5:5 m Hex 1.40
= EtOH \ = EtOH = EtOH 120 ? [1.18]
“ H20 H20 \ Hex/(EtOH+H20) I I . l
=0.77 100
KOH EtOH/H20=1.4 TBB/2MN after Bauwens & Purcaro (2024)
1.40
Bauwens et al. sap Bauwens et al. wash Bauwens et al. Tot

1.20 Eahigl 1.07 105 1.13|—

1.02]
S m Hex m Hex ‘ m Hex 1.00 I

= EtOH " EtOH 25 8| Hex/(EtOH+H20) |,
H20 20 H20 =0.33 Blank FH FHPalm Coconut Rice Bran Extra
‘ (n=2) Rapeseed 0Oil(n=2) oil(n=3) O0il(n=7) virgin
EtOH/H20 _0'2 DGF/ISO DGF/ISO Test S1 Test S2 Test S3
KOH: 2 M 5 (2. Ext.) (3. Ext.) (2. Ext.) (2. Ext.) (2. Ext.)
(]
2<% 0
Koch et al. sap Koch et al. wash Koch et al. Tot 2= | "TJ! M
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1. 0 88+
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%. Updates - Analytics

Gorska, A., Ferrara, D., Albendea, P., Cordero, C. E., Purcaro, G., Update on the microwave-assisted
saponification conditions for mineral oil hydrocarbons determination in fats and oils, Analyst, 2025,150, 5190-

5200
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Extraction/saponification ‘”

H 60°C-30 minISO 60°C - 30 min
52%
31%
11%
14%
1]1% - 11% I
6% 9‘1% 7T/° L
2% 2% ﬁ 3% 3% 204
| | || |
Fully hydrogenated Hydrogenated palm Refined palm oil Crude palm oil Coconut oil Rice bran oil Extra virgin olive oil

rapeseed oil

kernel olein
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%. Updates - Analytics

Gorska, A., Ferrara, D., Albendea, P., Cordero, C. E., Purcaro, G., Update on the microwave-assisted
saponification conditions for mineral oil hydrocarbons determination in fats and oils, Analyst, 2025,150, 5190-

5200
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ST%
1?%
14%
1][% ‘ & 111% I
6% - s 6%
2% 2% 3% 3% 2% 2% oy
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Fully hydrogenated Hydrogenated palm Refined palm oil Crude palm oil Coconut oil Rice bran oil Extra virgin olive oil
rapeseed oil kernel olein
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Gorska, A., Ferrara, D., Albendea, P., Cordero, C. E., Purcaro, G., Update on the microwave-assisted

saponification conditions for mineral oil hydrocarbons determination in fats and oils, Analyst,

2025,150, 5190-5200

Updates - Analytics

m TBB/2MN MASE
1.4 ~

m TBB/2MN ISO 20122:2024

Extraction/saponification ‘”

120 °C x 20 min

TBB/2MN:
1.05 £ 0.02

1.2 4
1 =
0.8 A
06 | TBB/2MN:
blank Crude FH Palm Rice Bran Rapeseed FHPalm Coconut FishOil Refined Extravirgin 1.19+0.09
Palm Oil il Coconut 0Oil Oil Kernel Oil Palm Oil  olive oil Rapeseed
oil Olein oil
60°C x 30 min
m (Per/2)/2MN MASE  m (Per/2)/2MN ISO 20122:2024 1SO
1.4 ~
1.2
1
o _'I TR | BRI LIND “
0.6 -
blank Crude PalmFH Palm Oil Rice Bran Rapeseed FH Palm Coconut Fish Oil Refined Extravirgin
Qil Coconut Qil il Kernel Qil Palm Oil olive oil Rapeseed
oil Olein oil
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%. Updates - Analytics

Correlation with FAMEs

Extraction/saponification ‘”

_C16!

11%
A B C D
K_H A A A
100 - e D 1.20
=
—_ c18
3 + 89%
-~ 75 1.10
3 - =
g L = .;]; 2
£ il ® I
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f= —_—
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5 25 0.90 = 8 75% 110 8
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8 § @ § § s & & @&
@C10:0 mC12:0 EC14:0 oc16:0 EC16:1 E £ E E_ £ £ ";' E 1 E‘
@mC18:0 mC18:1n9 mC18:2n6 mC18:3n3 @C20:5n3 T 8 3 ° & 35 5 8 5 3
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EC22:6n3 +C24:1n9 —-TBB/2MN O (Per/2)/2MN B < 2 s | ® 3 3 w 8 s
o x hi a a a 0 n
8 E 8 - - 2 a8
= o u e S G 5] =
- $§ & = =
Low C18: E , . .
@, H H H H H 2 2 % . : - /! 12)/
% Increased saturation reduced discrimination of 2MN BETR0  Motnd  BCIaeS|  ECIBN®  SIEMN  (M(PmAYaMN

and Per

Medium C18:
+* the best TBB/MN ratio

+ Unsaturation variations > minorimpact

/

High C18:

+» ¥ TBB/2MN ratio with ™ unsaturation

o

» Perincrease proportionally to 2MN
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i: Updates -Analytics Extraction/saponification ‘n

Correlation with FAMEs

A B c D L e S
A A c14
100 i:-‘Z%
_ T | = ™ R0oYAL SOCIETY ki
E—: 75 - Analyst - OF CHEMISTRY
% 50
& 68%) High C18 (77-91%)
§ | % P APER yll_ew Article Online [ 2o
E * ” 1.10 g
O evoos rien. | M) Check for updates Update on the microwave-assisted saponification &~ ek
et to=s conditions for mineral oil hydrocarbons os0 2
iL(n=2) Cite this: DOI: 10.1039/d5an00701a . . . =
aC10:0 mciz: determination in fats and oils . el
B C22:6n3 + C24:1n9 —TBB/. DO 10.1039/d5an00701a Aleksandra Gorska,? Donatella Ferrara,>® Paula Albendea,® Chiara Emilia Cordero® ) o § 85 o
e Wanayst and Giorgia Purcaro @ ** : : 0 § 4
g E i § E ; i )
FAME prOflllng further revealed that fatty acid chain length, degree IC:IB:O mC18:1n9 -15;(318:2n6 B C18:3n3 =TBB/2MN O (Per/2)/2MN

of unsaturation, and profile distribution influence soap properties,
which in turn affect MOAH IS partitioning. However, this slight matrix
effect does not compromise the method's applicability.
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Euvopeen Foud Sefety Autfvority EFSA Journal 2012:1006)704

SCIENTIFIC OPINION

Scientific Opinion on Mineral Oil Hydrocarbons in Food'
EFSA Panel on Contaminants in the Food Chain (CONTAM)™’

European Food Safety Authonty (EFSA), Parma, Inly

Thas scientific output, publizhed on 28 August 2013, replaces the earher version pubhzhed on 6 June
2012*.

SCIENTIFIC OPINION

ADOPTED: 12 July 2023

doi: 10.2903/j.ef5a. 2023.8215

Update of the risk assessment of mineral oil hydrocarbons

in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

2023  <%)6oURNAL

MOSH

ANALYTICS

<

MOAH

# TOXICOLOGY

EXPOSITION

|

30
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%. Updates - EFSA

2023

For MOSH :

e Improvement of analytical methodology for better
characterisation of MOSH .....

e Better investigation of the sources of the
hydrocarbons in food, ....

e Data are needed on ... accumulation potential.

¢ |nvestigation is recommended on the structural
features of MOSH that ... result in accumulation.

e Additional toxicity data are needed ... in particular on
bioaccumulating MOSH following their
characterisation.

* More data on human MOSH tissue concentrations.

e .... needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.

What about bioaccumulation from animal to human?

SCIENTIFIC OPINION

R JOURNAL '

doi: 10.2903/]. efsa.2023.8215

Update of the risk assessment of mineral oil hydrocarbons

v, e F s a “ in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

For MOAH.:

e More selective and sensitive analytical method
should be implemented.

e More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of =2 3 ring MOAH.

e Sources of food contamination should be investigated
when MOAH are detected.

e More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
= 3 ring MOAH.

e Oral toxicity data in particular of 1-2 ring MOAH.

e Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.

Analytical Chemistry
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(I >+Experimental design

Preliminary tests:

|
\3
N

e
==

Homogenized
meat samples

Microwave assisted
saponification and
extraction (MASE)

method

Samples: 30 samples of unprocessed meat
(bacon, pig rib, beef rib, chicken and turkey)
purchased from different local supermarkets

[1] P. Albendea, et al., Animals 14 (2024) 1450
[2] G. Bauwens, G. Purcaro Anal. Chim. Acta 1312 (2024) 34278

Optimization of sample
preparation

Saturated KOH in MeOH [1] —
Abbreviated as Sap MeOH

or

2M KOH in EtOH:H,0O (1:1,viv) —
(adapted from [2])
Abbreviated as Sap EtOH: H,O

/ Evaluated in terms of: \

ISs distribution (n =3 per type of
meat)
Focused on TBB/2-MN ratio,
which should be 1

&

MOSH and MOAH recovery
\(n =4 per level of MOH studied)/

Validation of LC/GCx GC-FID

— Analyzed by

w0 4 I
- H
. Lllal
i

L' LC-GC-FID
|

L

«««««

/ Comparison between the \
results obtained by
LC-GC-FID
(abbreviated as 1D)
and LC-GCxGC-FID
(abbreviated as 2D)

N /

4




QCO Results and discussion Preliminary tests

SN

=/R

Comparison between MASE methods

ISs distribution MOMH recovery (beefrib sample spiked with two different MOH levels)
MOSH MOAH
1.40 ¢ 110 Tolerance by JRC guidance [2]
1.35 105 |
1.30 100 F
1.25 > Threshold 1SO-20122/2024 [1 95 |
el S 2%
=ROANLN Threshold JRC guidance [2] 25 85 | %?4
o g};g [ :[ 3 < 80 r ?V; Tolerance by JRC guidance [2]
: I o 75 F /s
. Theoretical rati . ’
ggg _ eoretical ratio 2(5) i ?? . Sap MeOH 1D
el M Sap MeOH 1D 80T ?4 Sap EtOH/H,0 1D
0-80 Sap EtOH/H,0 1D 50 ## Sap MeOH 2D
Bacon Pigrib Beefrib : 1.6 mg/kgof 3.6mg/kgof 1.6 mg/kgof 3.6 mg/kg of ## Sap EtOH/H,0 2D

MOSH added MOSH added MOAH added MOAH added

v' 2M KOH in EtOH/H,0 (1:1,v:v) MASE method was selected for the analysis of MOH
in meat samples
v Similar results were obtained with LC/GCxGC-FID and LC-GC-FID

[1]1SO/DIS 20122. https://www.iso.org/obp/ui/en/#iso:std:is0:20122:dis:ed-1:v1:en
[2] S. Bratinova, et al, 2nd ed., Publications Office of the European Union, Luxembourg, 2023
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=< Results and discussion

_._\,?
MOSH
60
50
40
30
20
T i
T 7=
£ 6
o 5
4
3 I
2 11
1 -
0 - x
123456(1356(123456(1236(123456
Bacon Pig rib Beef Turkey Chicken

Variable MOSH levels in meat samples
 4samples <LOQ (2 pig rib and 2 turkey)
* 2 samples highly contaminated (beefrib)

Total MOSH content in meat




QOO Results and discussion
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C (mg/kg)

MOSH

60
50
40
30
20

10e=—m
[ — |

= ==

123456

OFRLNWRAROON

61236

Bacon Turkey Chicken

Variable MOSH levels in meat samples
 4samples <LOQ (2 pig rib and 2 turkey)
* 2 samples highly contaminated (beefrib)

Total MOSH content in meat
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Results and discussion

=/R
MOSH
60
50 I
40
30
20 T
. ==
T =
£ 6
O 5
4
3
2
1
0
123456(1356{(123456(1236
Bacon Pig rib Beef

EFSA Journal 2023,21 8215

K. Grob 2018, J. Agric. Food Chem., 66, 6968
Cravedietal. 2016, J. EFSA 2017, 1090

P. Albendea, et al. 2024, Animals 14, 1450

Turkey

123456
Chicken

MOSH profile: Carbon chain length

Schematic representation of the MOSH profile

Jk Turkey

Beefrib*
Pig rib

Bacon \

Cis Cao Cys Cso Css Cao Cys

Carbon chain length
Range that can be accumulated by animals
*Beefrib: samples 3 and 5 are not considered in this
representation

O

50
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- Results and discussion MOSH profile: Carbon chain length

__._/Q
MOSH Schematic representation of the MOSH profile
60
50 I
40
30
W 20
% 10= -
E =
(5]
o g —/\
3 = Turkey
2 Iz
1 —
b = =
123456|1356|123456[(1236|12345@8
Bacon Turkey Chicken Beef rib*
Pig rib
g
S Bacon
= Paraffines
g (n- and iso-) } H } } }
g Monocyclic C C C C
C C
-jé: M polycyclic 15 20 25 =il 35 40 45
i Carbon chain length

123456(135|12345%6(1236|(1234586
Bacon Pig rib Beef rib Turkey Chicken

Range that can be accumulated by animals

‘Beefrib: samples 3 and 5 are not considered in this

No relationship between the subclasses and the type of meat evaluated -epresentation
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QO Results and discussion

Beefrib 3

500

500

Accumulation in animals

1

A

1 Hopanes > No evidence of being retain in human or animal tissues

The contamination occurred entirely (Beef rib 3) or partially (Beef rib
5) after the slaughter of the animals

Beefrib 3

3.2£0.50 mg/kg of MOAH

uglg-u' \ R

nm

10, ©
3000 4000

11+ 2.0 mg/kg of MOAH Beefrib 5




10

Food Chemistry 480 (2025) 143880

Packaging of beefrib 3 and 5

Packaging beefrib 3

79 mg/kg of MOSH
| |

by LC/GC x GC-FID/MS

Paula Albendea, Giorgia Purcaro

Analytical Chemistry Lab, Gembloux Agro-Bio Tech, University of Liege, Gembloux, 5030, Belgium

Low similarities between the profiles found in the
meat and in the correspondent packaging

MOAH were present in the meat but virtually absent
in the packaging

=

Contents lists available at ScienceDirect - | =
2 ) )
PO Food Chemistry CHEMISTRY
:gif ?l.# = 4000
ELSEVIER journal homepage: www.elsevier.com/locate/foodchem _— 445 mg/kg Of MOSH
M)
Study on the content and profile of MOSH and MOAH in unprocessed meat &&=

100 2uuy suuu 4000

v' Contamination of beef rib 3 and 5 during the
manipulation of the meat (e.g. when cutting it into the
commercial portions)

v" The presence of alkylbenzenes could be due to rests of
sulfonated surfactants on cutting tools



%, Updates - Occurrence — Additives )<

* Are substance added to food for different reasons,
such as to help preserve them, improve taste, texture,

or appearance
Safe approved by Europe Union

. . _ 4
Can have animal and vegetal origin . @ __ Function of
additives
* Classified in many class

/\/\\/\I'/Oj/\OH CI:HB
0
o]

S CHs O HaC —N—CHsy CHOH oy OH

. o HO—i:O
= o I Y
CH N\ ,O (o] o 2&

3

(e}
R OH H \CH_O,EVCHa
E471 /1/\(\0 \0' \(/\/\/\/\/\/\/\/cm H,&—0

o.___0 ¢
Mono- and diaciglycerides of FA R™ ~0 Y E473 8/\CH3
R Sucrose esters of FA E442
mmonium Phosfatides
E322 A ium Phosfatid
Lecithine

Oy 0. (o] o o
\/\/\/\/\/\/\/\/T \/\D /\/\/‘\/‘\/‘\/\/‘\/\)‘L "6 JJ\? ¢ I'A o
OH
ne 5
E475
Polyglycerol esters of FA E570 . E481 .
Stearic acid Sodium stearoyl-2-lactiyate [\ 40 Analytical Chsrriistiy
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Mono- and diacigly

B T T P Y

¢ LIEGE université
5., Gembloux
Agro-Bio Tech

INTRODUCTION

Minesal ol hydrocarbons (MOMs) represent a wide class of compounds originating
from petroleum distitiation nd fefining processes. Based on their chemical structure,
they are classified into mineral oil saturated hydrocarbons (MOSH) and mineral oil
aromatic hydrocarbons (MOAH). The potential human heslth impact of MOH varies
widely. MOSH can accumulate in the human tissues like the iver and iymphold system,

224 1

In adaition to MOHs, polycyclic aromatic hydrocarbons. (PAHS) represent another
relevant class of contaminants generated from incomplete combustion of organic
. genotoxic, eftects [2)

mattar, and they

Both MOHs and PAMs can come in contact with faod through various pathways. A
source of contamination of MOHs and PAHS in fooda Could be the incorparation of
contaminated additives, which are used to enhance flavor, appearance, texture, of
sheit-ufe. Usually, MOHs and PAH3 are snslyzed following separate workflows due
to differsnt analytical requirements because PAHs are ususlly 8t 1000x lower
concentrations than MOAH, requiring the use of an MS detector. In this work, &
workflow was developed for simultaneous analysis of both groups of
contaminants. The workfiow was applicd 1o very complex matrices as food additives
(E471, E472. E322, E473, EATS, E481 and ES70) which are substance added 1o food 1o
help preserve them, smprove taste, texture, o appearance.

E471

L.

\(55*“()\,-
2

PO

==
s

g 132!

E475

Polyglycerol esters of FA

Universita i
= degli Studi ﬂ
di Ferrara P{

%, Updates - Occurrence — Additives

(I Acess

food additives by off-line HPLC-GC*xGC-FID/TOFMS

Carlo Bellinghieri'-Z, Aleksandra Gorska’, Flavio Franchina®, Marco Beccaria®, Giorgia Purcaro’

¥
2 Department of Chemical,

MATERIALS & METHODS

Science,

" Gombious Agro-Bio Toch, University of Linge, 5030 Gemblous, Belgium
Sci University of Ferrara, Via L Borsari 46, 44121 Ferrara, Italy
f Ferrars, Vio L. Borsari 46, 44121 Ferrora, oly

~ Analysis of PAHs by GC*xGC-TOFMS
4 The analysis of PAHs is be pe

Epoxidation

T 21 . S,

ot e
v 0
wwtona: | GC(MGCHFIDTORNS | [ecierpp i ] [ec(=ce)-FiDroFMs |
s
fisg
MOAM MOSH MOAM & PAHs

» Ei of the ple prep

% All food additives tested were saponified efficiently

e,
tolerance value of 1.15 defined in the JAC guidance for MOSH/MOAH[A]

E570

Stearic acid

PAHs??

# HPLC/GC>GC-FID MOSH/MOAH profiles

addit

+Maostof
+ Epaxidation was helpful but not 100% efficient for purification of MOAH,

E442 E322

E471

Ea72

E481

S

COiFST

# MOSH/MOAH results

+MOSH levels generally below 15 mg/kg. with esceptions going
up to 50 mg/kg

4+ MOAH lovels mther low. In most samples, MOAH were <LOQ
(2 mg/k)

PR o 3
l = % = = 2 § 1 =
= o -

Ml 3

CONCLUSION

The anatytical workllow described was successfully implemented
fot the determination of MOSH/MOAH and PAHS in fo0d additives
including E471, E322, €472, EAT3, E475, E481, and ES70.
Nevertheless, these food odditives represent o particularty

chalienging matrix owing to the high concemtration of co-eluting
interfering compounds, which pose o notable cbstacle to the
accurate identification of MOAM. To address this issue,
incorporating an epoxidation step proved essential. In conclusion,
GC+GC significantly improved the reliability of both MOSH/MOAN
8nd PAH Getermination, 8nd the PIOposed workllow has the
potential to be extended to the analysis of these contaminants in
other compiex food matrices.

This work wass Supported by the IMPOFAD project. The authors would
ke to thank LECO, Restek and Mitestone. This work was supported
by ACESSS (Academic Center of Exellence in Separation Science
and Sensing).

E570

E481

Sodium stearoyl-2-lactiyate
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Europe Union

Function of
additives
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%. Updates - Occurrence — Additives
—EEE— foiorss  |E) MOSH

. HPLC
fractionation GC(xGC)- MOAH &
Food A _’m_’ FID/TOFMS PAHs
additives | /= saponification |/~
(1g)+ ‘h[‘””]‘r & Extraction “
standards 3

|
A

o HPLC GC(xGC)-
Epoxidation fractionation _’m_> FID/TOFMS » MOAH

| GCxGC is needed

E471 - EIC (m/z 228 +252) (GC-TAFMS)
For the quantification of

- Benzo[a]anthrancene

- Chrysene

- Benzo[k]-/benzo[b]fluoranthene
- Benzo[a]pyrene

i.e., the 4 priority PAHs (EU)

EIC (m/z 228 +252 (GCxGC-TOFMS)

PAHs?

|
-

Well separated from the interfe fec
|
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'w-gf":::g«-r w EFSiA Jouna 20131009/3708 SCIENTIFIC OPINION 2023 efs-OJOURNAL

SCIENTIFIC OPINION

ADOPTED: 12 July 2023
1 doi: 10.2903/j.ef5a. 2023.8215
Scientific Opinion on Mineral Oil Hydrocarbons in Food

EFSA Panel on Contaminants i the Food Chain (CONTAM)™? Update of the risk assessment of mineral oil hydrocarbons

in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

European Food Safety Authonty (EFSA), Parma, Inly
Thas scientific output, publizhed on 28 August 2013, replaces the earher version pubhzhed on 6 June
2012*.

_ MOSH | MOAH

»l TOXICOLOGY

EXPOSITION

ANALYTICS

’ \ [\ 43 Analytical Chemistry
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%. Updates - Toxicology

Open gaps:

* Limited link between composition and toxicity: High variability in
MOSH/MOAH composition, but insufficient data to associate specific
fractions with defined toxicological effects

* In vitro testing biased toward more polar fractions: Reliance on dissolution in aqueous
media means mainly DMSO-extractable (more polar) compounds are assessed, potentially
overlooking less polar fractions

* Lack of oral toxicity data for specific MOAH fractions — Particularly for 1-2 ring MOAH,
limited data complicates risk assessment, while regulation is still based on total MOAH

f \ [\ 44 Analytical Chemistry
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%, Updates - Toxicology - MOAH

Long alkyl chain substitution decreases carcinogenic potential

0*5!01‘05’«;, Interacy;
o B 12022 N * Open Access Vol
R : RIS 28 Mt g
o Access * Y pume 9655 X\da‘t‘ ) ) The mﬂuen(’e Vi HHA2 + At number 13999,
eso_[Toxi:olOQ)' = Op \‘\Ye Contents lists available at ScienceDirect VI [_I O O yI SUb
e kgl sUbSEOT ¢ penant \ & Togical beno 1 etabolis SUtution opy tp
0 {(u} \ emico-Biological Interactions ¢ . In |
The effect mutagel‘\ - ‘. gl Nzof a]Dyrene Uta €nicj ty of
eta‘oo\‘sm pool, Jeroen: %‘ei ) Lournal homepage: www.elsevier.com/locate/chembioint Wang, Danlejs 55 . &
. BooBT— Kiachak;, Effimiga. rom’A”ge"queb: Seide
Wang, © malhorﬂliﬁgaard, pe!erjlal. R,.eq:nls'.?\":;echlh: CWang_ Luly®
& o & ‘\_\"i\,__\M_a
[n vitro metabolism of naphthalene and its alkylated congeners by human
and rat liver microsomes via alkyl side chain or aromatic oxidation
Danlei Wang™", Ben Bruyneel®, Lenny Kamelia®, Sebastiaan Wesseling”, Ivonne M.C.M. Rietjens”,
Peter J. Boogaard™”
m_
o Experlmen'Fs V\{Ith 2,?? and 5 rlng PAH ' DMSO extract %
O Alkyl substitution shifts the oxidative metabolism from the =
aromatic ring to the alkyl side chain — alkylation degree
O Long alkylation decreases carcinogenic potential of MOAH .
O MOAH in refined oils is mostly 1 and.2 rings . carcinogenic potential
O These can only be present at 300°C if they are highly alkylated
- Alkylation rises the bp 340-535°C boiling point range
340°C 535°C
_/\ [\ 45 Analytical Chemistry
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%. Updates - EFSA

% JOURNAL '

SCIENTIFIC OPINION

12 July 2023
doi: 10.2903/]. efsa.2023.8215

Update of the risk assessment of mineral oil hydrocarbons

2023 @Jefs o]

For MOSH :

e Improvement of analytical methodology for better
characterisation of MOSH .....

e Better investigation of the sources of the
hydrocarbons in food, ....

e Data are needed on ... accumulation potential.

¢ |nvestigation is recommended on the structural
features of MOSH that ... result in accumulation.

e Additional toxicity data are needed ... in particular on
bioaccumulating MOSH following their
characterisation.

* More data on human MOSH tissue concentrations.

e .... needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.

What about Toxicology?

EFSA Panel on Contaminants in the Food Chain (CONTAM),

For MOAH.:

e More selective and sensitive analytical method
should be implemented.

e More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of = 3 ring MOAH.

e Sources of food contamination should be investigated
when MOAH are detected.

e More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
= 3 ring MOAH.

e Oral toxicity data in particular of 1-2 ring MOAH.

e Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.
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Pharmaceutical white oil manufacture

Regulatory Toxicology and Pharmacology 106 (2019) 316-333

Contents lists available at ScienceDirect i

Regulatory Toxicology and Pharmacology

journal homepage: www.elsevier.com/locatelyriph

The selective determination of potentially carcinogenic polycyclic aromatic | %)
compounds in lubricant base oils by the DMSO extraction method IP346 and  [%2%
its correlation to mouse skin painting carcinogenicity assays

v Petroleum gases

Atmospheric :

distillation v Gasoils
v Heavy fuel cils Vacuum >
v Residue -

distillation

hold van der Wiel”, Dirk Danneels®, Olaf Kral®, Peter J. Boogaard®
Distillate (Carcinogenic) ——
Inow Shell Technology Centre Amsterdam), the Netherlands
MOAH: 35% (350 000 ppm)
IP 346: 6.3 %
Mod. Ames test, MI: 0,83

Extraction
of 3-7T PAC

or hydrocracking

| or hydrogenation

Carcinogenic potential:
» |P346
» Modified Ames Test

Extract (Carcinogenic)

MOAH: 60% (600 000 ppm)
IP 346: not tested

(mutagenicity)
(IP] e
Z *ﬁ PASS Base oil
. MOAH: 13% (130 000 ppm)
Waxy Raffinate IP 346: 0.3 %
Mod. Ames test, MI: 0.0
MOAH: 11% (110 000 ppm)
IP 346:0.2 % <4— || Dewaxing* Technical White Oil
Mod. Ames test, MI: 0.0
: < MOAH: 3,0% (30 000 ppm)
Hydrotreatment/ E— IP 346: 0.2%
| acid treatment 1 Mod. Ames test, MI: 0.0
Medicinal White Qil
Hydrotreatment/
| acid treatment 2 MOAH: 0,05 % (500 ppm)
: ~ IP346: n.a.
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European Pharmacopea -DMSO UV/Vis

Petroleum gases

The selective determination of potentially carcinogenic polycyclic aromatic
compounds in lubricant base oils by the DMSO extraction method IP346 and
its correlation to mouse skin painting carcinogenicity assays

()

nold van der Wiel”, Dirk Danneels®, Olaf Kral®, Peter J. Boogaard®

Atmospheric

Gaso
Heavy fuel oils
Residue

distillation now Shell Technology Gentre Amsterdam), the Netherlands

Vacuum
distillation

v

Carcinogenic potential:

> |P346

» Modified Ames Test
(mutagenicity)

» DMSO-UV/Vis
(European Pharm)

Extraction
of 3-7 PAC
or hydrocracking
| or hydrogenation

Waxy Raffinate

Safe

MOAH: 11% (110 000 ppm)
IP 346:0.2 % <—| Dewaxing®
Mod. Ames test, MI: 0.0 !

Hydrotreatment/
| acid treatment 1

]

Medicinal White Qil
Hydrotreatment/
| acid treatment 2 MOAH: 0,05 % (500 ppm)
IP 346: n.a.
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The selective determination of potentially carcinogenic polycyclic aromatic
compounds in lubricant base oils by the DMSO extraction method IP346 and |
its correlation to mouse skin painting carcinogenicity assays

s
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Residue

Vacuum
distillation

v Petroleum gases nold van der Wiel”, Dirk Danneels®, Olaf Kral®, Peter J. Boogaard®
Atmospheric s kil o e Tchckgy Coe A e Nk
distillation v Gasoils
v
v

v

Carcinogenic potential:
> |P346
» Modified Ames Test

(mutagenicity)
o » DMSO-UV/Vis

Extraction
of 3-7 PAC
or hydrocracking
| or hydrogenation

(European Pharm)

Waxy Raffinate

MOAH: 11% (110 000 ppm)
IP 346:0.2 % <—| Dewaxing®
Mod. Ames test, MI: 0.0 |

Hydrotreatment/
| acid treatment 1

Medicinal White Oil

Hydrotreatment/
| acid treatment 2 MOAH: 0,05 % (500 ppm)

\ IP 346: n.a.
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Petroleum gases

Atmospheric

Gasoils
Heavy fuel oils
Residue

distillation

Vacuum
distillation

<L <<<

Extraction
of 3-7T PAC

or hydrocracking

| or hydrogenation

Dewaxing*

Hydrotreatment/
| acid treatment 1

Hydrotreatment/
acid treatment 2

Regulatory Toxicology and Pharmacology 106 (2019) 316-333
Contents lists available at ScienceDirect "
i
Regulatory Toxicology and Pharmacology e

R journal homepage: www.elsevier.com/locate/yrtph ==

The selective determination of potentially carcinogenic polycyclic aromatic | M)
compounds in lubricant base oils by the DMSO extraction method IP346 and %55
its correlation to mouse skin painting carcinogenicity assays

Juan-Carlos Carrillo™", Arnold van der Wiel”, Dirk Danneels®, Olaf Kral’, Peter J. Boogaard®

* Shell Health, Shell Internanonal B.V, the Netheriands

* Kontnklgke Shell Laboratortum Amsterdam (now Shell Technology Centre Amsterdam), the Netherlands
* European Wax Federarion aishl, Beigtum

“ Shell Deurschland Otl GmbH, Germany

IP346 — protocol

e 1. LLE
2. Back extraction
of DMSO in C6
§\
$

w

Drying of C6

4. Weighing of the
residues

IP, 1996. Determination of Polycyclic Aromatics in Unused Lubricating Base Oils and Asphaltene Free Petroleum
Fractions - Dimethyl Sulfoxide Extraction Refractive Index Method IP346/92 Vol BS 2000 Part 346. BSI Standards.
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Pharmaceutical white oil manufacture

The selective determination of potentially carcinogenic polycyclic aromatic | M)

T _compotulldsf in lubricant bzli(s_e onlsi b)_/ the DMSO ext_ra_ctlon method IP346 and | %5
’ v its correlation to mouse skin painting carcinogenicity assays
Atmospheric | © " ° o 5€ skin p g 08! ty assay:
distillation 5 Cite Juan-Carlos Carrillo™", Arnold van der Wiel”, Dirk Danneels®, Olaf Kral’, Peter J. Boogaard®
v Heavy fuel oils Vi = Shell Healdh, Sheil Internanonal B.V, the Netheriands
+ Residue di attl;.ll.l!"n * Kontnklyke Shell Laboratortim Amsterdam (now Shell Technology Centre Amsterdam), the Netherlands
istillation

* European Wax Federarton atsbl, Beigtum
“ Shell Deurschland Otl GmbH, Germany

Extraction

of 3-7T PAC
or hydrocracking
| or hydrogenation

Correlation between IP346 and mouse

o skin painting assays showed the
predictability of the carcinogenic potential of
a mineral oil (with 94% accuracy, using a 3%
cutoff on DMSO extract in the IP346)

Safe Safe

Dewaxing*

Hydrotreatment/
| acid treatment 1

Hydrotreatment/
| acid treatment 2
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The miniaturized Ames test — protocol

DMSO
extract

Concentration 25x higher than the treatment concentration

Preparein advance

—

)1

Salmonella TA98 culture
(OD650 =1.0-1.4)

Positive control 59-
2-nitrofluorene
(50 pg/mL in DMSO)

Positive control S9+
2-aminoanthracene
(50 pg/mL in DMSQ)

24-well plate S9-

+10 pL

Inoculate A

Mixture of 7.2 mL of
Exposure Media and 800 pL
of the overnight culture.

*2
'%\3

Inoculate B

Mixture of 6 mL of
Exposure Media, 1.2 mL
30% S9 Mix, and 800 pl

overnight culture.

Incubation with gentle shaking

(37°C, 90 min)

+2.75 mL reversion indicator media

w) (W) (o

S

im0

(o) () (e
-

A-ratio =
nb of revertant c
olonies (treated
sample)/nb of re
vertant colonies
(CTRL-)

4
5
6

+olmlia"

1
2
3

D3N

Selection for revertants

6

Each well is transferred to 48 wells
of a 384-well plate (50 pl/well) ’7

Put into a plastic bag

Incubation at 37°C for 48h

Ames FT™TA98/TA100 Mutagenicity Test Kit
Instruction Manual 31-300

J

N/

7

READING

N 52
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The selective determination of potentially carcinogenic polycyclic aromatic
compounds in lubricant base oils by the DMSO extraction method IP346 and |
its correlation to mouse skin painting carcinogenicity assays

s

Heavy fuel oils
Residue

Vacuum
distillation

v Petroleum gases nold van der Wiel”, Dirk Danneels®, Olaf Kral®, Peter J. Boogaard®
Atmospheric s kil o e Tchckgy Coe A e Nk
distillation v Gasoils
v
v

v

Carcinogenic potential:
> |P346
» Modified Ames Test

Extraction
of 3-7 PAC

or hydrocracking = (mutagenicity)

or hydrogenation e

S > DMSO-UV/Vis
22 (European Pharm)

7 N

%

DMSO Extr

Waxy Raffinate

MOAH: 11% (110 000 ppm)

IP 346: 0.2 % <—|| Dpewaxing®
Mod. Ames test, MI: 0.0 |

Hydrotreatment/
| acid treatment 1

Medicinal White Oil

Hydrotreatment/
| acid treatment 2 MOAH: 0,05 % (500 ppm)

\ IP 346: n.a.
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Toxicological prediction Total MOAH quantification

MOAH (20 mg/kg) - without matrix

| | el

MqAH 1-2 AR

MOAH =3 AR
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Toxicological prediction Total MOAH quantification

MOAH (20 mg/kg) - without matrix

| | el

MqAH 1-2 AR

MOAH =3 AR
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50X dilution
+
MOSH/MOAH IS

MOH

€ £, (v-hexane + DMSO)

o LLE, (n-hexane + NaCl water)

Initial pathway

LC fractionation + GC=xGC-FID

Pathway A
600X dilution
+
MOSH/MOAH IS

: , MOSH,,,,
i hexaneohage LC fractionation
P + GC*GC-FID

DMSO phase

P e — e = o=

MOAH,,,,

DMSO phase

Diluted

K DMSO phase

MOAH,uso

200X dilution
+
MOSH/MOAH IS

Pathway B

e} MOAHUV

UV measurement

............. > MOHUV
Pathway C

MO-07 MO-09
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g

MOSH
Tot

3

MOAH
Tot

MOAH
Hex

MOAH
DMSO

2000

4000

16.4%

[\ 57 Analytical Chemistry
Gembloux Agro-Bio Tech




%, Updates - Toxicology

MO-06

MOSH
Tot

MOAH
Tot

MOAH
Hex

MOAH
DMSO
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MO-09

o G

100

2

MOSH
Tot

MOAH
Tot

of

B s HIEL S —

H

MOAH
Hex

MOAH
DMSO

o
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I MOAH 1-2 rings EEEE MOAH >3 rings BN MOAHTot N MOAHK{ex B MOAHpmso

23R

s 23 MOAH
enriched in
DMSO

s Very low
residual =3
MOAH
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Pathway B

.
- ———

e} MOAHUV

UV measurement

E ......................... > Mo HUV
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Absorption at 270 nm

MOAH
Hex

= 07 2

n-Hexane
a

v 0.8 2=10.8373

= MOAHn-Hexane * MOAHn-Hex:me23 rings

kA ° °
A ® ®

R?*=0.0102

10.0 150 200 25.0 30.0 350 40.0 450
MOAHy,, concentration (ng/mL)
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Absorption at 270 nm
« MOAHpys0 + MOAHp\ 5053 rings
1.2
1.0 = -
= 1=0.9722 . ;
S 08 =072 i
Rl o6 [
=€ | | T R® = 0.5755
2 204 PO A N——- e o
= 'Y
< FE N E 30
0.2 [ i . .............. / .
o‘._..---a‘}f:::': ....... @
0.0 ™
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
MOAHpys0 concentration (ng/mL)
0.4% i

In-Hexane

L] ®
o °
R?=0.0102
L
L ] L]
50 20,0 250 300 350 40.0 45.0

+ MOAH

_ Hy,, concentration (pg/mL)

n-Hexane>3 rings
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Absorption at 270 nm
MO-08
« MOAHpwso  + MOAHs053 sinn N o T
1.2 2
Food Research International
1.0 INSIGHT INTO WHAT IP346 MEASURES THROUGH CHARACTERISATION OF
g MOAH DISTRIBUTION IN DMSO AND ORGANIC PHASE BY COMPREHENSIVE
F08 TWO-DIMENSIONAL GAS CHROMATOGRAPHY
o = --Manuscript Draft--
LY
2 = Manuscript Number: + MOAH,, jexane>3 i
Q § 04 Article Type: Research Paper -
ﬁ Section/Category: Food Toxicology
0.2 P ~ Keywords: Mineral oil aromatic hydrocarbons (MOAH); IP346; Dimethyl sulfoxide (DMSQ); . o
T GC*GC, UV-Vis. .
0.0 *° Corresponding Author: Giorgia Purcaro, PhD o
0.0 1.0 : University of Liege Faculty of Gembloux Agro-Bio Tech P
Gembloux, BELGIUM T,
First Author: Damien Pierret R*=0.0102
Order of Authors: Damien Pierret °

Aleksandra Gorska

Juan-Carlos Carrillo
25.0 30.0 35.0 40.0 45.0

Giorgia Purcaro, PhD tration (ng/mL)

Ahctrarct: Minaral nil hudrnrarhnane are ramnlay mi ctiiro od in o wide
- UMOAHsgso |
o
5
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Toxicological prediction Total MOAH quantification

MOAH (20 mg/kg) - without matrix

| | el

MqAH 1-2 AR

MOAH =3 AR
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~Sample 76 DMSO - 76

[0 %1,28Ring ¢ %3+Ring Ame st

WORK IN
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25.0 +
20.0 pr— +
- ] L » | |
15.0 . .E' ' | s
10.0 -
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Hex DMSO Hex DMSO Hex DMSO Hex bMSsO Hex DMSO Hex DMSO Hex DMSO Hex DMSO Hex DMSO
76 78 81 82 50 143 2 8 9

OHexane-12Ring [OHexane-3+ @ADMSO-1/2Ring 0ODMSO-3+ J i
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Engine Oil (78) DMSO-78
' <C25 | 22
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[0 %1,24Ring ¢ %3+Ring Ame st
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Hex DMSO Hex DMSO Hex DMSO Hex bMSsO Hex DMSO Hex DMSO Hex DMSO Hex DMSO Hex DMSO
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WORK IN
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Multi Purpose Grease (No 82) DMSO - 82

[0 %1,2=Ring ¢ %3+Ring Amesh
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SN100 Distillate (2) DMSO - 2
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N500 Distillate (8)
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DMSO -9

N500 Medicinal White Oil (9)
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%, Conclusion

» Efforts are still needed to improve SAMPLE PREPARATION and

thus reducing UNCERTAINTY
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Toxicological prediction Total MOAH quantification

MOQAH 1-2 AR

MOAH = 3 AR

8. Updates - Toxicology

8. Updates - Toxicology

PAHSs in DMSO extract
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% . Conclusion

2023

For MOSH :

e Improvement of analytical methodology for better
characterisation of MOSH .....

e Better investigation of the sources of the
hydrocarbons in food, ....

e Data are needed on ... accumulation potential.

¢ |nvestigation is recommended on the structural
features of MOSH that ... result in accumulation.

e Additional toxicity data are needed ... in particular on
bioaccumulating MOSH following their
characterisation.

* More data on human MOSH tissue concentrations.

e .... needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.
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Update of the risk assessment of mineral oil hydrocarbons

efsa [52]

EFSA Panel on Contaminants in the Food Chain (CONTAM),

For MOAH.:

e More selective and sensitive analytical method
should be implemented.

e More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of =2 3 ring MOAH.

e Sources of food contamination should be investigated
when MOAH are detected.

e More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
= 3 ring MOAH.

e Oral toxicity data in particular of 1-2 ring MOAH.

e Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.
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