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[ Chemical structures of mineral oil hydrocarbons according to petroleum experts

[ Several cases of vegetable oil contamination with mineral oil hydrocarbons
[ Critical points of the determination of mineral oil hydrocarbons
1 ISO/TC34/SC11 - Standardization for MOSH determination in vegetable oils

J CEN/TC275/WG 13 - Standardization for MOSH & MOAH determination in
Vegetable oils and foodstuff on basis of vegetable oils

 Current situation of the analysis of MOSH & MOAH in vegetable oils
1 Possible improvements of the method (lower LOQs, markers)

L Conclusion
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Mineral oil (MO) composition according to Concawe

Concawe is a division of the European Petroleum Refiners Association

Waxes MOSH = Oils
Tenememm——— € n-alkanes mostly in waxes (>80%) o

iso-alkanes + naphtenes in mineral oil=» s

e, A 8 Bad MOAH = 3-7 PAC
(eliminated through refinement)

. Harmless MIOAH = highly alkylated aromatics
. (what is left after 3-7 PAC elimination)
L

Dirk Danneels & Juan-Carlos Carrillo, Fresenius - nov 2017
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Naphtenic oil specification - Example

Naphthenic process oil suitable for carbonless copy paper

[nAl

Typical PhYSicaI Characteristics CA Clarity) LC-GC_GC\Datal 20160208'@ravex G3B - Front FID
Gravex 913 o & MOSH _
Colour (ASTM) ISO 2049 L0.5 10
Density at 15 °C kg/m3| IS0 12185 892 .
Refractive Index at 20 °<C ASTM D 1218 1.488 E -
Flashpoint COC «c| 1802592 150 S o6 1
Pour Point C ISO 3016 <-60
Kinematic Viscosity ISO 3104 e
at20 °C mm2/s 19 0.2
at40 °C mm2/s 8.8 . N
at 100 °C mm2/s 2.1 i g : v =
Sulphur (X-Ray) %m/m| 1SO 14596 0.1 Time i
Carbon Type Distribution DIN 51378/
C/A (S-corr.) %| ASTM D 2140 11 na]
CJ"N {S-COIT] Ofo mod‘ 44 Q é CA Clarity!\ LC-GC._GC\ Data\ 20160209\ Gravex G3B - Back FID
C/P (S-corr.) % 45 " 3
Refractive Intercept (RI) DIN 51378 1.0440 1.0 i MOAH
Viscosity Gravity Constant (VGC) DIN 51378 0.865 5
Aniline Point °C| IS0 2977 67 2 "
Clay Gel Analysis ASTM D 2007 o
polar components %m/m e
aromatic components %m/m 30.6 L b
saturated components %m/m 69.3 - i .
Evaporation Loss (22h/107 °C) %m/m| ASTM D 972 28 \ . h ; b _
Noack Volatility (1h/250°C) %m/m| ASTM D 5800 0.0 — '"g*-*--'“"“ : ' a o - = o=
PCA-Content (DMSO method) %m/m IP 346 <3.0 Time fml
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» Superposition of the MOSH & MOAH humps
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Mineral Oil detected in oils & fats

= 2008 = contamination of sunflower oil from Ukraine
with a mineral oil from unknown origin

= 2009 = contamination of walnut oil with a food grade
lubricant oil during refining process

= 2010 - identification of compounds eluted as mineral
oil in grapeseed oils

= 2011 - contamination of milk fat with a food grade
lubricant oil during production

A

Natural
7 hydrocarbons

Mineral oil :
unresolved
complex mixture

0 1. 2 3 4 5 6 7 8 9 10 11 12 13 14

Contaminated Sunflower oil (MOSH)

Grapeseed oil - MOSH = 235 mg/kg

3 |mwar=nTime

Retention Time

1000+

e e
e e
e e

e 2 + i s B w “ “ P =
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Mineral oil determination - Critical points

Principle of the methods

Q First step : isolation of hydrocarbons by ‘_
liguid chromatography or HPLC *%atural
L Second step (optional) : extra hydrocarbons
purification and concentration in order
to increase the sensitivity
Q Third step : gas chromatography analysis ~ ’UJA
with FID detection &‘“%MXMM MMM_
Critical points ==
O Integration of the hump & subtraction
of the “natural hydrocarbons” " El Mineral oil :
e : unresolved
O Quantification of hydrocarbons without complex mixture
loosing the volatile ones
O Removal of interference compounds ) JNWUN
(olefins in MOAH fraction) . H_L Ju“ J)JJ
. . . (- . . e \ Sthepbe? . AJMWJAA’\-»M.\:M
O Limit of quantification as low as possible sk

MMMMMMM

[ Blank level to be under control

ITERG .
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Standardization : work program

ISO/TC34/5C11 CEN/TC275/WG13

ISO work : EC requirement :

- determination of saturated aliphatic -2 determination of mineral oil

hydrocarbons in vegetable oils (MOSH
ydrocarbons in vegetable oils (MOSH) - method able to distinguish MOSH (Mineral

- crude and refined vegetable oils Oil Saturated Hydrocarbons) and MOAH

. (Mineral Oil Aromatic Hydrocarbons)
- pre-trial in 2012

- crud d refined table oil
- collaborative study in 2013 & 2014 Crude and retined vegetabie olls

- foodstuffs on basis of vegetable oils

* X %
- -
* *
>
* 4 *
UNION EUROPEENNE

io'\s'. Eump c‘
t Régio

ISO 17780: 2015 for MOSH EN 16995 : 2017 for MOSH & MOAH
Limit of application : 50 mg/kg Limit of application : 10 mg/kg (without
prior cleanup)
/ TERG
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1ISO 17780 - MOSH in oils with LC purification and GC-FID

ISO 17780 - Animal and vegetable fats and oils -

Scope of the method

Determination of aliphatic hydrocarbons in vegetable oils

» Method applicable for the determination of saturated aliphatic hydrocarbons from C10 to C56 of
natural origin present in vegetable oils, and for detecting the presence of mineral oil and diesel oil.

» Method applicable to all types of crude and refined edible oils and fats, for concentrations of

mineral oils from 50 mg/kg to 1 000 mg/kg.

Principle of the method

» Fractionation of the sample by liquid chromatography on
silica gel impregnated with AgNO3

» Quantification with C18 (IS)

» Injection of a reference standard blend (C10-C40) and a
C48 standard

» GC condition on an apolar column (15 m)

» Double integration (subtraction of the peaks above the
hump)

Silica gel with AgNO, =2 18,5 g
Test portion 21 g
Elution with hexane = 55 ml

SISSG, Bologna, 12th December 2019
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“ Natural
hydrocarbons
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Mineral oil :
unresolved
complex mixture
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ISO 17780 - Integration of the chromatograms

Total signal

LMKUKLM L«,LJ‘\‘A\AJA}*WMWW”—“
o 2 TTTATTTE T TR T T 0 22 T e s 2 a0

N-alkanes to
be subtracted

Minutes

ey Juj

mMM
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S

i

I

b

the

18
Minutes
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arrows indicate the beginning and the end of the integration
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ISO 17780 - 2014 CT - Reproducibilit

140 r 7
120 - 6
100 - 5
80 - 4
60 - 3
D 1.
-1 I )
° .2 5 4 6 3 1 0
mm MOSH mean value, mg/kg 11,1 37,5 @ 89,9 107,1 118,8

mmm Reproducibility limit R, mg/kg 22,9 27,0 28,1 25,8 31,2 41,4
=o—Horrat value 6,7 2,8 2,2 1,3 1,3 1,6

Bl MOSH mean value, mg/kg mmReproducibility limit R, mg/kg —e—Horrat value

Reproducibility limit R = absolute difference between 2 single test results, obtained with
this same method on identical test material in different laboratories
HORRAT > 2,0 2 Method reproducibility is problematic

Limit of application : 50 mg/kg due to dispersion of the results ,TERG
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MOSH and MOAH : on-line-HPLC-GC-FID

EN 16995 - Vegetable oils and foodstuff on basis of vegetable oils — Determination of mineral oil
saturated hydrocarbons (MOSH) and mineral oil aromatic hydrocarbons (MOAH) with on-line

HPLC-GC-FID analysis

Scope of the method

Determination of saturated and aromatic hydrocarbons (from C10 to C50) in vegetable fats and
oils and foodstuff on basis of vegetable oils for which it has been interlaboratory validated, with
online-HPLC-GC-FID. This standard is not intended to be applied to other matrices.

Principle of the method
= Fractionation of MOSH & MOAH with HPLC/UV

= On-line injection with large volume of each fraction
followed by GC/FID analysis

= Quantification with bicyclohexyl (CyCy) for the MOSH
fraction, 2-methylnaphthalene (2-MN) for the MOAH
fraction

= QOptional purification by liquid chromatography on a
Silica-ALOX column (to get rid of C23-C33 n-alkanes)

= (Clean-up by an epoxidation procedure (to avoid
interferences with olefinic substances ) = mandatory

” SISSG, Bologna, 12th December 2019

— C4 Qarity\ LC-GC_GC\ Data| 2018020

Virginolive oil

2 without epoxidation

i

\HOVEE15-11012 - Back FID

squalene

/

800

300+
3

200

#H f

£ 400
M jJ
° . l‘T'rrr—r-r‘ﬂr—rh"xT'rr-n'J-- sezesns \L : ’lllfﬂu%—ﬁlnﬁ—‘
3 8 10 12 14

Time

~= C1Garty\LC-GC_GO\Data\ 20160210\

Virgin olive oil
with epoxidation

{mi

HOVEEpox 015-11012 - Back FID
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MOSH — 2015 Collaborative stud

— Precision data

sample 1 refined sunflower oil samples 4-5-6 refined sunflower oil sample 9 palm oil
sample 2 crude soybean oil sample 7 refined olive pomace oil sample 10 margarine
sample 3 virgin olive oil sample 8 mayonnaise
200 -7
180
- 6
160
140 5
120 L 4
100
80 [ 3
Horrat value =2 QY - 2
40
-1
20
0 - 0
10 3 5 9 4 6 8 2 7
mmm MOSH mean value, mg/kg 50 6,0 53,9 80,9 101,3 1019 190,3 1966
B Reproducibility limit R, mg/kg 9,8 8,4 11,0 34,2 27,1 38,3 24,7 72,9 86,6
—=e—Horrat value 5,6 4,1 1,8 2,6 1,5 1,7 1,1 1,9 2,2

B MOSH mean value, mg/kg mmReproducibility limit R, mg/kg —e—Horrat value

According to the results of the collaborative study, the method has been proven suitable for MOSH
mass concentrations above 10 mg/kg.

12.
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MOAH — 2015 Collaborative stud

— Precision data

sample 1 refined sunflower oil samples 4-5-6 refined sunflower oil sample 9 palm oil
sample 2 crude soybean oil sample 7 refined olive pomace oil sample 10 margarine
sample 3 virgin olive oil sample 8 mayonnaise
70 - 12
60 - 10
50
- 8
40
- 6
30
- 4
20
CINCIAEIEp I — = — — — = = = = = = = = = = = - 2
0 | . | . L0
2 3 1 10 5 9 4 8 7 6
s VOAH mean value, mg/kg 16 17 20 24 42 293 361 447 50,7
B Reproducibility limit R, mg/kg 3,7 3,7 5,2 10,0 7,5 5,4 18,5 20,7 64,3 43,6
—e—Horrat value 5,5 5,4 6,5 10,9 5,0 1,5 2,4 2,2 5,7 3,5

B MOAH mean value, mg/kg mmReproducibility limit R, mg/kg -e—Horrat value

According to the results of the collaborative study, the method has been proven suitable for MOAH
mass concentrations above 10 mg/kg.

13.
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MOSH & MOAH - Chromatograms without prior cleanup

MOSH fraction of a grapeseed oil

[ _ |
!F é: — €4 Clarit |L§-GC_GC! Data\ MI 1506344461 E13.7087-2 - Front FID
|

0.8 | -
P
0 Quantification :
: 30 mg/kg
u 1
0.4 '1'
I']il ‘
0.2+ ‘m)
ﬂjh i 1M L’_J“
00" FITlf. —
‘ 2 10 15 20

MOSH fraction of a hazelnut oil

0.5

0.6

Cument

0.4

0.

0.0

— CAClarity'd

C-GC_GCyData\ MIG190634446-21 E19-T024-2 - Fronl FID|

Quantification :
19 mg/kg

14..

R .

[min.]
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MOAH fraction of a grapeseed oil (after epox)

Lo

0.8

0.67

Current

Cument

0.4

0.27

8 % 3

G0 Data MIG1906344461 E19-T087-1 - Back FID

Estimation :
4 mg/kg
: u'. L g R .
15 20
i [min.]

MOAH fraction of a hazelnut oil (after epox)

34

0.5

0.6

0.4

0.2

0.o

; d — CAClarity\ LC-GC_GC Datal MIG180634446-2\ E19-7004-2 - Back FID

Estimation :
2 mg/kg

IIII I!!!l I!IlI r] I'll
I T

[min.]
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MOSH & MOAH - Chromatograms without prior cleanup

MOSH fraction of a corn oil

(4
— E‘.Iari‘%u,.C-’I_G\':- Data' MIG130634446) £19-8450-1 - Fremt FID
o Estimation :
: 4 mg/kg
R
1] 10 15 20 o
MOSH fraction of a sesame oil
= i lb] o
g Estimation :
5 2 mg/kg
[min. ]

15.
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MOAH fraction of a corn oil (after epox)

I8 -
g E — C\ Clarity\ LC-GC_GC\ Data' M| G1906344461 E19-8450-1 - Back FID
0.8+
e g Estimation :
E < 1 mg/kg
0.4
0.27
|
o ] . LT [ I
0 5 15 20

[min.]

MOAH fraction of a sesame oil (after epox)

%4
E — CAClarity\LC-GC_GCiData\ MIGD502 19071681 E19-7351 A - Back FID
0.8 g
oY Estimation :
o
=
g 1 mg/kg
0.4
0.2
0.0 —— . ”ﬁMmﬂu‘%lﬁl H“"L_I == — |
(1] 5 i0 15
Tine [min]

ITERG .

M;f—‘ S

Expertise Corps Gras



Current situation of the analysis of MOSH & MOAH

Mineral oil hydrocarbons in foods: is the data reliable ? S. Koster, J. Varela, R. H. Stadler, J. Moulin, C.
Cruz-Hernandez, J.Hielscher, C. Lesueur, J. Roiz, H. Simian. Food Additives & Contaminants: Part A (2019)

DRRR-Proficiency Testing - RVEP 180635 - MO in edible oil (10/2018)

» The acceptable deviation from the estimated “true value” is quite high below 10 mg/kg
for both MOSH and MOAH (from76% to 99%)

» Above 10 mg/kg the deviations are below 54%, which is usual for contaminant analysis
» Amounts of MOAH below 2 mg/kg are so difficult to quantify that statistical analysis
cannot be performed

Samples 3 & 6 (non-spiked edible oil)
MOSH C16-25 - Estimated “true value” of 1,55 mg/kg

Z'-score

00 - ] I . . . . — — — - 3,09 mg/kg
o b | 1| | | | n 99%

0,00 A Tl-.-o-.-n-.-l-.-o--n--n- * -l-l-vj-tl-l-l—l—l- 1,55 mg/kg

oo [T WTEETEETE EEERERERER .

NS N e e I

-2.00 4

z-score

-4.00

5,00 L
M e an b da do do o e b TP da BB da = = = n do
dy dn o o do o =

da e
Labor-Code MNr. / lab code no. I ’ ER( ;‘
=
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2019/2020 - Improvement of EN 16995 method

19 laboratories are willing to participate to this work :
» 1 lab from Belgium

» 1 lab from France

» 8 labs from Germany

» 3 labs from ltaly

» 1 lab from Spain

» 3 labs from Switzerland

» 2 labs from The Netherlands

Improvement strategies proposed by the participants :

MOSH: Clean up above ALOX column if needed

MOAH: Clean up with SILICA column + epoxidation step

Saponification (hot, KOH) + epoxidation step

Fractionation of MOSH & MOAH on SILICA/ALOX column

Epoxidation step (mandatory)

HPLC on-line clean-up with ALOX after SILICA separation

Characterization of MOSH or MOAH fraction by GC x GC FID/MS (if needed)
Confirmation by MS (mandatory) ITERG
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Possible improvements of the EN 16995 method

18-

Cleanup for MOSH fraction with aluminium oxide (already in EN 16995)

1 g of edible oil +internal standard + 2 ml of hexane

Transfer the mixture to a 10 g of ALOX + 3 g of silica gel column
Elute the aliphatic hydrocarbon fraction with 25 ml of hexane
Evaporate the solvent under reduced pressure

Analyze the sample solution by online-HPLC-GC-FID

Enrichment for MOAH prior to epoxidation (already in EN 16995)

1 g of edible oil + internal standard + 2 ml of hexane
Transfer the mixture to a 12 g silica gel column
Elute the hydrocarbons with 45 ml of a 20 % mixture of dichloromethane and n-hexane

Discard the first 10 ml of eluate, collect the subsequent 35 ml in a round flask
containing 40 mg of clean sunflower oil

Evaporate the solvent under reduced pressure
Proceed to the epoxidation step
Analyze the sample solution by online-HPLC-GC-FID

ITERG .

SISSG, Bologna, 12th December 2019 i

Expertise Corps Gras



MOSH & MOAH : clean-up steps

Current

94 -

MOSH fraction of a virgin olive oil - Before and after clean-up of the MOSH fraction

: t:1 "rlty' Qgsc_ac-. aa:a-.cm-.aae%m.-;e1c-1s\.s1s.?oea.1_:91:—101?_ 150908 - Front FID

0.8
0 Quantification :

._ 2,7 mg/kg
04 :

|
0.2 I\ ‘

L ﬂ | |

0 ——— “Tm hw'hﬂw#nh Iﬁfljif"‘r*r-r-rjr'w-r—.w—-' =
"o 5 10 15 20

Time [min.J

MOAH fraction of a walnut oil - Before and after clean-up of the MOAH fraction

24 T ar
1 E= — .él. L-GC_GC\ Datal MIG1907344461 E18-7090-1 - Front FID
Il
0.8 ! 3 |
08 ‘ Estimation :
E '. 3,7 mg/kg
0.4 I. l
"'J'}l. 1l
0.2 1 L
o
it
od I #‘f/‘.w‘r' Th |klaT .‘ !Irili“g'fr“‘.‘."f’&ﬁ!}?‘-‘fﬂ'r?r'rr—r-f—-r~ —1'7 —
0 5 10 15 20
T [min.]
94
E ; E — C\ Clarity\ YC-GC |GC Data' M| G1908344461 E19-T023-1 - Back FID
5
0.8
06 Estimation :
0,9 mg/kg
0.4+
0.2
0.0 = —
[1] 20
[min.]
19.
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Current

34 .
% 'EL CA\ Clarity’ LC-GC_GC Data| MIGD205 P MOAH EPOXVE19-7023 1 - Back FID
0.8
5
i Quantification :
2,2 mg/kg

0.4

0.2

- ] e —_—

Q 15

ITERG
AT

Expertise Corps Gras



Clean-up steps - Blank levels

MOSH fraction after clean-up of the MOSH fraction - Blank

[a2d

; % - CA Clarity\ I_C:—GC_C% Data\ MIG PURIF MOSH 121004\ BLANC PURIF - Front FID
5
- 0,6 mg/kg
oo , LTMJ(I‘LLLL"TLr+"T“FI“I'|1'|‘*|'|~|'"H'r"rl'rrf" ll#rL-m---L~L-4 L Ll :
] 5 10 - 15 20 femin. 1
MOAH fraction after clean-up of the MOAH fraction - Blank
[gAad o ; Eﬂ *1
E 0.6+
i 1,0 mg/kg
0.2 Ml
- MWWM@ bhprt pre e rer e e pm el oo
RS s 10 15 20
Time L. ]
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MOSH : Hopanes qualitative analysis in vegetable oils

> Purification of 1 g oil on silica-AgNO; following ISO 17780 & GC/MS-SIM (m/z 191)

U1 SHE 460D Ha zelnut -34 mg / kg

MERCK standard | "

“ I m‘w

5
3
%
3-
2
26
2
22-
2
18-
s | w"/ 0
e
2 .
| 1) Mw/ w
! [ “I& i I ““ ‘ﬂ\ | ,‘U/WW »
08 i |y TN R LY Tl s
o ATV AR W L
04 '”,/wv-"“ 0
02- W\Wv\..w’w‘
o [ S PN S SOV A o WS SV e o 0-
0
o
2154 196 18 To 12 104 W6 188 7 192 74 76 s T 12 184 186 188 1 182 184

16 162 164 166 168 17 112 174 116 178 18 182 184 186 188 19 192 194 195 198 20 202 204 20§ 208 21 212 214 216 218 2 22 24 2§ 28 23 182 234 26 B8 % U2 24 26 U8 25 152 154 16 53

2154 156 198 B 20204 206 208 8 212214 216 218 & 23224 206 248 B D274 B0 28 B A2 44 BoAs B B2 B4 8o A8 B
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn Couns ') vs. Acquisition Time (min)

K102 [+ SMA(191.0) SME179267D 02 [+SIN(191.0) SME17-8273D

| .

Grapeseed - 165mg/kg | Olive - 11 mg/kg

08

085 08

0%

05 08

07

085 0

06

05 06

05

05 05

0

03 o

03

025 0

0

(13 02

o

5 o

0

a0 v

% m b %5 7 05 B 5 ® % B 45 o m5 » a5 B» 05 ¥ A5 & B B &5 B BB B 5 B f5 B 65 ® #5 A4 A5 A A5 n A5 B K5 A ds B B & A5 0

Coun ') vs. Acquisition Time (min) Couns ') vs. Acquisiton Time (min)

Relative hopane content confirming the mineral origin of hydrocarbons contaminating foods and human milk
T. Populin, M. Biedermann, K. Grob, S. Moret, L. Conte. Food Additives and Contaminants. 2014

ITERG .
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Conclusion

1 Mineral oil hydrocarbons are present at different levels in nearly all foods,
including in vegetable oils (EFSA, 2012)

[ Mineral oil may be introduced at different stages of the vegetable oil and fat
production (FEDIOL code of practice for the management of mineral oil
hydrocarbons)

[ no EU legislation regulating the limits of MOH in vegetable oils (till now) but a
recommendation (EU) 2017/84 on the monitoring of mineral oil hydrocarbons
in food

1 Big pressure from Consumers Association to ban foodstuffs with MOAH content
higher than 0,5 mg/kg

O Standardized method MOSH & MOAH published in 2017 with a limit of
application at 10 mg/kg for both MOSH & MOAH

O Limit of application might be improved by sample enrichment prior to the
online LC-GC/FID analysis

PRESENCE 1.2 MG/KG
D'HYDROCARBURES

AROMATIQUES &7
D’HUILE MINERALE =
(MOAH) EN MG/KG \\
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