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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

In order to achieve a low limit of quantification (LOQ), the method contains additional and partially modified
processing steps, specifications for the uniform processing of defined product groups and additional
requirements for system suitability compared to EN 16995:2017.

The method has been tested in an interlaboratory study via the analysis of both naturally contaminated and
spiked vegetable oil samples, ranging from 1 mg/kg to 75 mg/kg for MOSH, and from 1 mg/kg to 7 mg/kg
for MOAH.

© IS0 2024 - All rights reserved
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International Standard

ISO 20122:

2024(en)

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-GC-FID) analysis — Method for low limit of

quantijfication

1 Scop

This docurpent specifies a procedure for the determination of saturated and aromatic hydrocar
C10 to C50) in vegetable fats and oils using the online-coupled high performance-liquid chromato
chromatography-flame ionization detection (HPLC-GC-FID).[4I[3][6] This docunyent does not apply to other

matrices.

The method is applicable for the analysis of mineral oil saturated hydiecarbons (MOSH) and/or
aromatic hiydrocarbons (MOAH).

According
concentrat

In case of
examinatig

An alterna
in Annex C
fraction de
a high amo

2 Norm

The follow
requireme
the latest ¢

ISO 661, An

3 Term

fo the results of the interlaboratory studies, the method has been proven suitable for §
ions above 3 mg/kg and MOAH mass concentrations above 2 mg/kg.

suspected interferences, the fossil origin of the MOSH and MOAH fraction can be
n by GCxGC-MS.

tive method for the epoxidation of the{MOAH fraction (performic acid epoxidation) i
. This alternative method provides cémparable results to the ethanolic epoxidation of
scribed in 8.6. This alternative method for epoxidation has proven to be efficient for sa
unt of interferences in the MOAH-raction (e.g. tropical oils).[14]

ative references

ng documents are feferred to in the text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

imal andvegetable fats and oils — Preparation of test sample

s.and definitions

bons (from
braphy-gas

mineral oil

1OSH mass

verified by

5 proposed
the MOAH
mples with

ronstitutes
references,

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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3.1

mineral oil saturated hydrocarbons

MOSH

paraffinic (open-chain, usually branched) and naphthenic (cyclic, alkylated) hydrocarbons in the boiling
range of n-alkanes with a chain length of 10 to 50 carbon atoms, which are obtained from mineral oil by this
method by means of online-coupled high performance liquid chromatography-gas chromatography-flame

ionization detection (HPLC-GC-FID)

3.2

mineral oil aromatic hydrocarbons

MOAH

aromatic mainly alkylated hydrocarbons from mineral oil in the boiling range of n-alkanes with a chain
length of 10 to 50 carbon atoms, determined by means of online-coupled high performance liquid

chromatography-gas chromatography-flame ionization detection (HPLC-GC-FID)

3.3

unresolved complex mixture

UCM

complex njixture of saturated or aromatic hydrocarbons not resolved by gas chromatography such as
branched paraffins, alkylated naphthenes and alkylated aromatics, that produces #hump when gnalysed by
gas chromatography-flame ionization detection (GC-FID)

3.4

polyolefinoligomeric saturated hydrocarbons

POSH

synthetic |hydrocarbons from oligomers of polyolefins, such “as polyethylene, polypropylene and
polybutylepes

Note 1 to en|

try: Food contact uses comprise plastic bags, containérs or films, heat sealable layers and othe

as well as adlhesives and plasticizers.

Note 2 to en|
pattern, bu]

3.5

Lry: POSH can be distinguished from mineral oibsaturated hydrocarbons (MOSH) by their chroyj
itis difficult to differentiate and chromatoegraphically separate them from the MOSH if both arj

resin oligomeric saturated hydrocarbons

ROSH

synthetic s
monomere
transfer on

3.6

aturated hydrocarbons (oligomers from monoterpenes, cyclopentadienes and other
5) that are ingredients af hot-melt adhesives and can migrate into the sample mostly vi
via direct contact

resin oligomeric aromatic hydrocarbons

ROAH
synthetic a
mostly via

3.7

romatichydrocarbons that are ingredients of hot-melt adhesives and can migrate into
gas phase transfer or by direct contact

"lamination

hatographic
e present.[2]

C5- or C9-
h gas phase

the sample

poly-alphc -otefins

PAO

synthetic iso-paraffins with short and long side chains, used as lubricants or in adhesives and hotmelts

Note 1 to entry: When analysed by gas chromatography-flame ionization detection (GC-FID), they are recognized by
series of rather narrow humps of unresolved branched hydrocarbons with regular distance between them.[3]

4 Principle

The sample is saponified and from the unsaponifiable residue, purified fractions are obtained following
additional steps. These fractions are separated on a silica gel column of the HPLC-GC-FID system into MOSH

© IS0 2024 - All rights reserved
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and MOAH fractions; each is transferred separately to the GC by online coupling. Most of the solvent is
removed via a solvent vapour exit between the uncoated pre-column and the GC separation column.

In order to meet the requirements of the various interfering accompanying substances occurring in the
samples, specific sample preparation procedures are described for different product groups. However,
epoxidation is a purification step that is necessary for the quantification of MOAH for all vegetable oil
samples. This purification step allows the elimination of olefins such as squalene, which elute within the
MOAH fraction and interfere with quantification. Depending on the sample, this reaction can induce the
epoxidation of a part of the MOAH or incomplete removal of the interfering olefins.

The signal area for mineral oil is calculated by subtracting riding peaks from the total area. The riding peaks
can be caused by n-alkanes (naturally occurring hydrocarbons), terpenes, sterenes, squalene and their
isomerization products as well as other substances. MOSH and MOAH are quantitated by internal standard

added befd
transfer co

NOTE i

5 Reagd

WARNING
Technical

All materid
oven accor;
also be heg

Unless oth
— analyt
water

a solut

5.1 Silic
200 pm (7
in an oven

5.2 Sodi

In case of ¢
inaclean d

5.3 n-He
such as hey

re analysis. Verification standards are added for monitoring proper HPLC fractionat
nditions.

poxidation step can induce degradation of MOAH with three or more aromatic rings:

ents

organizational and personal safety measures shall be followed.

Is shall be tested for their influence in a blank run. It is recommended to heat all glass

ted and should not be made of polyethylene or polypropylene.
brwise stated:

cal pure reagents shall be used;

chall be either distilled or of corresponding purity;

ion is understood to be an aqueous selution.

h gel 601, extra pure, for column chromatography, with a particle size between ¢
to 230 mesh) stored in a glass bottle (protection against contamination). The silica g
t 400 °C for at least 16 h'and cooled in a clean desiccator (without ground grease).

pum sulfate, anhydteirs, analytical grade, purity = 99 %.

ontaminationheat the sodium sulfate in an oven at 400 °C for at least 16 h and allow tg
esiccator (without ground grease).

xane, free of hydrocarbons in the boiling range of the n-alkanes C10 to C50 and other
rané. oxidation products.

jon and GC

— Reference is drawn to regulations that specify the handling of hazardous substances.

ware in an

ding to the instructions. All other materials that come into direct contact with the sample should

b0 um and
b] is heated

cool down

impurities

Check the purity of the ni-hexane as follows:

maleate (5.26);

evaporate using an evaporator unit;
dissolve the residue in 0,2 ml n-hexane;

inject 50 pl into the HPLC-GC-FID system for analysis.

1)

mix 30 ml n-hexane with 25 pl of the internal standard solution (5.17) and two drops of bis(2-ethylhexyl)

Silica gel is available from Merck, reference 7754 or 7734. 1t is an example of a suitable product available commercially.

This information is given for the convenience of users of this document and does not constitute an endorsement by I[SO of
this product. Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2024 - All rights reserved
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The hump signal (excluding any sharp single peaks of the solvent blank) should not exceed one-tenth of the LOQ.

NOTE

Hydrocarbons in the boiling range under investigation interfere with the specific detection of mineral

oil constituents in gas chromatography of the MOSH and MOAH fractions, while polar compounds such as hexane
oxidation products interfere with the separation of long-chain n-alkanes in column chromatography on alumina.

5.4 Dichloromethane (DCM), purity = 99 %.

Test the pu
5.5
5.6
5.7

5.8 n-Un

59 n-Tr

5.10 Tri-§

5.11 Bicy

5.12 1-Mg

5.13 2-Mg

5.14 Pent

5.15 Stoc
of C13 (5.9
as 200 mg
with tolue
during stot1

The verifid
benzenes
performan|
as verificat

5.16 Inter
CYCY, PB, 1

Perylene{PER);prity

5-alpha-cholestane (CHO), purity = 97 %.

rity as for n-hexane (5.3) with 30 ml DCM.

Toluene.

decane (C11), purity = 99 %.

decane (C13), purity = 99 %.
ert-butylbenzene (TBB), purity = 97 %.
clohexyl (CYCY), purity = 99 %.

thyl naphthalene (1-MN), purity = 95 %.
thyl naphthalene (2-MN), purity = 97 %.
vl benzene (PB), purity = 99 %.

k solution, mass concentrations, = 5 mg/ml, 10 mg/ml or 20 mg/ml. Weigh, for exarn
, 100 mg each of C11 (5.8), TBB (5:10), CYCY (5.11), 1-MN (5.12), 2-MN (5.13) and PB (5]

ne (5.5). Store at room témperature to keep the solutions stable. Dissolve any cryst
age by gentle heating.

ation of the start\ofthe MOAH fraction, based on TBB, can result in losses of highe
ind naphthalenes, if present in some samples (i.e. cosmetics) and when the chrom
ce of the columivis limited. In such cases, di(2-ethylhexyl) benzene (DEHB) can be used
ion standa¥d-and the fractionation shall be adapted.[10]

nal Standard solution 1 (ISTD1)%), mass concentrations p = 150 pg/ml (C13), 300

hple, 50 mg
114) as well

CHO (5.7) and PER (5.6) to.the nearest 1 mg and fill up to the mark in a 10 ml volunpetric flask

als formed

r alkylated
atographic
in addition

g/ml (C11,
b.15) into a

-MN; 2-MN and TBB) and 600 ug/ml (CHO and PER). Transfer 300 pl stock solution (%

Aeand €311 0 4o+l ol azitb ol A o (C O

10 ml volume

Fon £flo raawly +hh + o
IICUT LL ITASIN AITU TTIT ulJ LU LIIC lllal JAN VV LLll LUITULCIIC \;J JJ

5.17 Internal standard solution 2 (ISTD2), mass concentrations p = 30 ug/ml (C13), 60 pg/ml (C11, TBB,
CYCY, 1-MN, 2-MN and PB) and 120 pg/ml (PER and CHO) Dilute ISTD1 solution (5.16) by a factor of 5, e.g. fill
up 1 000 pl ISTD1 solution (5.16) to 5 ml with n-hexane.

5.18 Aluminium oxide 90, alkaline, for column chromatography, 0,063 mm to 0,2 mm, activated. Heat the
alumina before use for at least 16 h at 500 °C in an oven and cool down to room temperature in a cleaned

desiccator

(without ground grease).

2) This standard mixture is available from, for example, Restek Corp., Cat.# 31070. It is an example of a suitable product
commercially available. This information is given for the convenience of users of this document and does not constitute
an endorsement by ISO of this product. Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2024 - All rights reserved
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5.19 meta-chloroperbenzoic acid (mCPBA), stated quantities based on a purity of about < 77 %;

Commercially available mCPBA contains varying amounts of mCPBA, meta-chlorobenzoic acid and water.
For purification of the reagent, remove contaminating hydrocarbons, e.g. finely suspend 5 g mCPBA with
200 ml n-hexane in a polyethylene terephthalate (PET) beaker in an ultrasonic bath and filter by using a
vacuum frit. Let the purified mCPBA dry in a fume cupboard. Do not store in glass containers, as mCPBA
decomposes on glass surfaces. Commercially available mCPBA still contains meta-chlorobenzoic acid and
residual moisture to make handling in the laboratory safe. Pure mCPBA, on the other hand, is explosive, so
isolation of mCPBA as a pure substance, which goes beyond the cleaning described here, is not recommended.
Washing with a solvent mixture of 200 ml n-hexane and 20 ml DCM can remove further impurities, but also
leads to significant higher losses (yields only 75 % of the initial mCPBA with a content of about 74 gto 84 g

mCPBA per 100 g starting material in the purified product).

To determ]ne the mCPBA content of the reagent, weigh about 0,2 g mCPBA into a PET beaker,|add 50 ml
distilled water and mix thoroughly. Add 5 ml concentrated acetic acid and 10 ml sodium iodide|solution (10 g
sodium iodide in 100 ml water). Then pre-titrate with 0,1 N sodium thiosulfate solution'frem dark red to
light yellow. Add a few drops of starch indicator solution and titrate from dark blue to.€olourlesg at the end
point (conqumption usually below 20 ml).
Calculate the content w (mCPBA) in per cent by mass as shown by Formula (1):

W:N V' x86,29x100 1)

E

where

N isfthe normality of the sodium thiosulfate solution;

V' is|the total volume of consumed sodium thiosulfate'solution in I;

E  is|the mass of the reagent in g.
5.20 mCPBA solution in ethanol, p = 100 mg/nil, e.g. dissolve 1 g mCPBA (5.19) in 10 ml ethanol (5.28).
Prepare th solution fresh every working day:
5.21 Sodipm thiosulfate, anhydrous, purity > 90,0 %.
5.22 Sodipm hydrogen carbonate’(or sodium carbonate), anhydrous, purity > 90,0 %.
5.23 Solution for deactivation of the excess of mCPBA: Sodium thiosulfate and sodium|carbonate
solution, p|= 50 g/, e.g. dissolve 5 g of sodium thiosulfate and 5 g of sodium hydrogen carbonate |(or sodium
carbonate)|in 100 ml distilled water and mix thoroughly.
5.24 Alumina eolumn with silica gel cover. Place a filter (6.4) in a glass column (6.3). Add and compress
10 g of alullnina (5.18), 3 g of silica gel (5.1) and 1 g of sodium sulfate (5.2).

5.25 Clean-up column. Place a filter (6.4) in an empty SPE glass cartridge (volume 6 ml), add 3 g of silica
gel (5.1), compress and cover with 1 g of sodium sulfate (5.2).

5.26 bis (2-ethylhexyl) maleate, purity 90 %. Check the purity in a blank run.

Bis (2-ethylhexyl) maleate may be replaced by bis(2-ethylhexyl) sebacate in order to limit the risk of
epoxidation process disturbance.

5.27 Standard solution of the n-alkanes with chain lengths of 10 to 50 in the same mass concentration
for checking for discrimination against low- or high-boiling substances, p = 1 ug/ml. Store this solution
at room temperature, otherwise C50 can crystallize.

© IS0 2024 - All rights reserved
5


https://standardsiso.com/api/?name=c40ab40b41f2b310830c6446e50dd879

ISO 20122:2024(en)

5.28 Ethanol, absolute.

Test the purity as for n-hexane (5.3) with 30 ml ethanol.

5.29 Mixture of ethanol and n-hexane, volume fraction ¢ = 50 %, e.g. mix 50 ml of ethanol (5.28) with
50 ml of n-hexane (5.3).

5.30 Elution mixture of n-hexane and DCM, e.g. mix 30 ml DCM (5.4) with 70 ml n-hexane (5.3). Due to
the volatility of DCM, the solution shall be freshly prepared.

5.31 Potassium hydroxide solution, e.g. 50 g potassium hydroxide in 100 ml distilled water, w=33g/100 g.

6 Apparatus

In order to|achieve a sufficiently low blank level, the following process has proven to be effetctive] glassware
(except volumetric flasks) should be heated in an oven at 430 °C for 4 h or overnight‘at400 °C and kept in
desiccators$ or other containers for use. In addition, it is recommended to:

— perform multiple determinations in different series and not directly one after another;
— not us¢ grease for ground joints;

— notus¢ hand cream;

— handlg samples with gloves, only;

— use gldssware where possible;

— check nitrogen for purity, when drying in a stream of'nitrogen;

— rinse olumetric flasks, glass pipettes and other+equired glassware with n-hexane before ude.
6.1 Analytical balance, readability 0,000 1g;weighing accuracy 0,001 g.
6.2 Centrifuge and centrifuge tubes.

6.3 Glass column, without stopcock, 15 cm to 20 cm long and 15 mm to 20 mm inner diametgr.
6.4 Filter for glass column;-extracted or heated, filter made of quartz wool/glass fibre.
6.5 Glass vial, 40 mlwith polytetrafluoroethylene (PTFE) sealed screw cap.

6.6 Rotary evaporator, with vacuum and water bath at 35 °C.

Comparable‘devices can also be used. Take care to prevent contamination. If necessary, clean the system
thoroughly between determinations.

6.7 HPLC column, e.g. LiChrospher Si 60 or Allure Silica3), 5 um material, 2 x 250 mm or comparable.

6.8 Uncoated GC guard column, fused silica or metal capillary, e.g. HydroGuard® MXT®%Y,
10 m x 0,53 mm or comparable.

3) LiChrospher Si 60 and Allure Silica are examples of suitable products available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of these products.

4) HydroGuard® MXT® is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2024 - All rights reserved
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requirements and yield comparable results.

The capillaries in 6.8 to 6.12 have proven to be suitable, but can be adapted to the system to meet the

6.9 GC separation column, fused silica or metal capillary, programmed temperature stable up to at
least 370 °C: 100 % dimethylpolysiloxane or 95 % dimethyl and 5 % phenyl methylpolysiloxane as stationary
phase, length 15 m, internal diameter (ID) 0,32 mm or 0,25 mm and film thickness 0,10 um to 0,25 um.

6.10 Fused silica or metal capillary, deactivated, for transfer the HPLC fractions from the valve to the
T-connector of the GC, 1 m long, 0,1 mm ID.

6.11 Capillary, deactivated, from the T-connector between pre- and separation column to the vapour exit.

6.12 Rest
6.13 Syri}

6.14 Past

NOTE ]

6.15 Onli]

gradient, injection valve, HPLC column (6.7), ultraviolet light (UV) detector (detection wavelengt

switching
pneumatic

6.16 Test

7 Samp

7.1 Sampling

Sampling i
materials f
unsuitable
may be use
The use of|
runs using

A recommd

7.2 Preparationof the final sample for liquid and solid fats

Prepare th

riction capillary at the vapour exit, deactivated, 1 m long, ID 0,05 mm.
hge, 100 pl, suitable for injection of 5 to 100 pl in liquid chromatography.

pur pipette made of glass.

'he use of plastic pipette tips and polyethylene foil leads to increased blanklevels.

he-coupled HPLC-GC-FID system, consisting of an HPLC instruument capable of runni

valves for column backflush and fraction transfer into{GC, GC with solvent vapour
control and evaluation system. In addition, an automatie control system is recommeng

tube shaker with temperature control and agitation (e.g. 500 r/min or comparablg

le

5 not part of this method. The sample may only be stored in glass bottles, aluminiu
hat do not release hydrocarbons. Packaging made of paper, polyethylene or polyp
Containers made of PET\or foil bags made of a high-performance polyamide such a
d in some cases. Attention shall also be paid to the closure and sealing materials of the
hand cream should-be’avoided when handling samples. The sampling shall be checkg
n-hexane instead of-a sample.

bnded samplifig'method is given in ISO 5555.

e test sample in accordance with ISO 661.

hg a binary
h: 230 nm),
exit (SVE),
led.

m or other
‘opylene is
5 RILSANS)
containers.
d by blank

Special treatments of the test sample (e.g. filtering, melting) shall be mentioned.

5) RILSAN is an example of a suitable product available commercially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2024 - All rights reserved
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8 Procedures

8.1 General

Depending on the type of fats and oils, the samples shall be prepared differently. The specific cases A to C

are as follo

WS:

— A: Prepare oils and fats with unknown or high content of biogenic, long-chain alkanes and unsaturated
compoundslZl such as olive oil, rapeseed oil, sunflower oil and comparable samples according to 8.2
(ethanol-hexane distribution). Using two separate 10 ml fractions of the extract, run 8.3 (saponification)
on the first fraction for the determination of the MOSH content according to 8.4 (Alox column), and run
8.3 (saponification) on the second fraction for the determination of the MOAH content according to 8.5

1) o A-Lanasa

(clean

Detern

C: For
hexang
FID sy
MOAH

Every labo
the automs

Unknown
interfering
extract sh{
up, the san
n-alkanes ¥

NOTE (

8.2 Hexane/ethanol distributionfor removal of interfering substances

Weigh 3 g
mixture of

B: Prepare oils and fats with low biogenic, long-chain alkanes and disturbing unsaturated ¢
such as coconut fat, linseed oil, palm oil and comparable samples without aluminjunt ox
according to 8.2 (ethanol-hexane distribution), 8.3 (saponification), 8.5 (clean-up) and 8.6 (ep

nd Q & Aot
Y aia ot L\,yuleuuLAULLJ

hine the MOSH and MOAH fractions from the solution obtained.

e distribution), 8.3 (saponification), 8.5 (clean-up) and 8.6 (epoxidation). Inject into th¢
stem. After separation of the MOSH, which are passed to an integrated online Alox d
fraction can be determined in the same run using a two-channel system.

ratory using automated procedures shall carry out tests¢toensure that the results obf]
ted procedures do not deviate from results obtained with the manual procedure.

samples or mix oils samples may be analysed first without Alox cleanup. If the g
long-chain n-alkanes significantly impact the hump and do not allow a proper integ
1l be re-injected using the alumina column.té reduce interferences (e.g. for online
he sample extract used to determine MOAHS's used for the subsequent separation of
vith the aluminium oxide column for the-determination of MOSH).

nly the manual purification method for MOSH fraction was validated during the collaborative

of the sample for oils and-fats into a 40 ml centrifuge tube with screw cap. Add 3

Use 10 ml

NOTE
saponificati

|

n-hexane (5.3) and ethamnol (5.29) and 20 pl ISTD1 (5.16) or 100 ul ISTD2 (5.17), and h
this solution for the-further procedure (see 8.3).

case of oils amd\fats, no phase separation will be observed. Nevertheless, this step ensureg
on of oils and{ats. If necessary, other quantities of internal standard can be added.

8.3 Sap«

Transfer a
(5.31). Sapk

pnification

automated application of the alumina column, prepare oils and fags\according to 8.2

ompounds
de column
oxidation).

(ethanol-
» HPLC-GC-
olumn, the

ained with

resence of
ration, the
Alox clean
long-chain

study.

ml of the
bmogenize.

a complete

de solution

allquot of 10 ml (see 8. 2) 1nto another sample tube and add 3 ml potassmm hydrox1

n becomes

clear. Cool down, add 5 ml n- hexane (5.3 3) and 5 ml mlxture of ethanol and water (a volume fractlon of 1:1),
shake the mixture again, transfer the lower phase after phase separation into a new vial and extract again
with an additional 5 ml of n-hexane. Combine both n-hexane extracts.

Depending on the sample preparation method, continue using the solution to separate biogenic, long-chain
n-alkanes with aluminium oxide (according to 8.4) or for epoxidation (according to 8.5 and 8.6).

NOTE

© IS0 2024 - All rights reserved
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8.4 Removal of biogenic n-alkanes with aluminium oxide for determination of the MOSH
fraction

Pre-clean the alumina column (5.24) with 20 ml of n-hexane in order to remove interfering substances (see
text on interfering substances below). Transfer the solution from 8.3 to the alumina column and elute the
hydrocarbons with 25 ml n-hexane (5.3). Collect the hydrocarbons beginning with the sample transfer.
Evaporate the solvent under vacuum (2260 mbar) at 35 °C after adding two drops of bis (2-ethylhexyl)
maleate (5.26).

Dissolve the residue in about 1 ml n-hexane, centrifuge if necessary and fill into a vial. Inject 60 pl to 90 pl of
the solution for analysis with the HPLC-GC-FID system to determine the MOSH fraction.

The MOAH remain on the alumina column and shall not be determined from this eluate. It is recommended

toremove

Lnterterlng substances from the alumina by pre-rinsing the column with 20 ml n-hexan

clean alumiina does not need to be pre-rinsed.

Removal o
these cased

NOTE !
while natur
in sunflowe

biogenic n-alkanes can also remove paraffinic waxes at the same time if presentin thg
, analysis shall be carried out according to procedure B.

araffinic waxes are characterized by n-alkanes with no odd carbon predominarice of their ch
hlly occurring n-alkanes in edible oils present an odd carbon predominance As an example, ma
I oils are C27, C29 and C31 alkanes.

8.5 Clean-up before epoxidation to separate polar substancés

Transfer tH
collect the
from the s4
with addit
for epoxida

e combined upper phases from the saponification step_(See 8.3) to a clean-up column
eluting hydrocarbons: start collecting the eluent immediately after transferring the u
iponification step to the clean-up column. Complete the elution of hydrocarbons from

onal 15 ml solvent mixture of n-hexane and DCM. (volume fraction of 7 + 3) (5.30). Usg
tion (according to 8.6).

It is recomimended to remove interfering substances‘from the clean-up column by pre-rinsing {

with n-hex|

8.6 Ethd

hne. However, clean glassware and reagents do not need to be pre-rinsed.

nolic epoxidation of the MOAH fraction to oxidize unsaturated non-aromati

compounds

NOTE )i

or further information, see References [11] and [13].

After adding two drops of bis-(2-ethylhexyl) maleate (5.26) as a keeper, concentrate the soluti

35°Cunde
In this step

Add1mle
20 min at 4
of the exce
excess of nf

I vacuum, retaining-all internal standards, and adjust to a volume of 1 ml with n-hexar
any DCM sheuld’be completely removed to ensure reliable fractionation in the HPLC-GC-]

hanolic mEPBA solution (5.20) to the obtained extract and place the sample on a shakg

e. However,

sample. In

ain lengths,
n n-alkanes

(5.25) and
pper phase
he column
the eluate

he column

n of 8.5 at
e.

1D system.
r (6.16) for

0 °C atifor example, 500 r/min. Then add 500 ul ethanol (5.28) and 2 ml solution for d
5s of MCPBA (5.23) and shake the sample vial for about 1 min at about 750 r/min to de

)

pactivation
tivate any

) CPBA. Transfer the upper hexane phase to a fresh sample vial and dry the hexane solution with

a spatula t

p of sodium sulfate (5.2). Inject 90 ul of the dried solution into the HPLC-GC-FID system for the
determination of MOAH.

It is optional to use a more concentrated final volume of, for example, 300 pl and a corresponding injection
volume as long as the enrichment is improved and the internal standards are retained during evaporation.

For sample preparation according to procedures A and B, this solution is used directly for the determination
of MOAH. In automated sample preparation according to procedure C, this solution is used for the subsequent
separation of long-chain n-alkanes with the aluminium oxide column (5.24) for the additional determination
of MOSH.

Continuous intense shaking of the reaction solution for epoxidation, at the specified reaction temperature, is
necessary to ensure sufficient and reproducible removal of interfering substances.

© IS0 2024 - All rights reserved
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C-GC separation

8.7.1 HPLC conditions
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Pre-rinse the HPLC system with eluent A: n-hexane (5.3) and eluent B: DCM (5.4) and check system suitability

by injection of n-hexane. Table 1 shows an example of the gradient programme.

Table 1 — Gradient programme for the separation of MOSH and MOAH on a silica gel column with

backflush after 6 min and reconditioning after 15 min

Time Hexane DCM Flow
min % % pl/min
U,U 1UU U SUU
1,5 65 35 300
5,9 65 35 300
6,0 0 100 500 (backflush)
15,0 0 100 500 (reconditioning)
15,3 100 0 500
25,0 100 0 500
25,2 100 0 300
30,0 100 0 300
0,0 100 Q 300
After 6,0 nmiin, the flow direction of the column is reversed to rémove remaining matrix comporlents of the
sample from the column by backflush. This step significantlylincreases the lifetime of the HPLC golumn. For
operation with an automated online alumina column, it has proven to be best to start the gradient about
0,1 min later.
Figure A.1|shows a typical HPLC-UV chromatogram with the UV signal and in addition the pressure curve.
From 5,5 min onwards, a strong increase in the baseline can be seen due to DCM. Perylene from the ISTD
mix elutes|at 5,6 min. Backflush should decredse the baseline signal to the initial level. The fractionation of
the MOSH fraction from 2 min to 3,5 min ahd the MOAH fraction from 5,7 min to 6,2 min can be detected by
slight baseline changes. If necessary, the change in pressure can also be monitored for this purjpose; here,
attention should also be paid to a possible pressure increase, which indicates a blockage in the system. The
times given can vary slightly depending on the system and columns used and should be checked rggularly by
injecting a|diluted ISTD solution:
The capilldries from the fraction transfer switching valve are combined with the carrier gas $upply in a
T-connectdr and directed(into the pre-column in the GC oven.
8.7.2 G(configuration
Install the columns in the gas chromatograph and check the function of the system by injecting splvent. The
baseline sHouild be straight with as little positive drift as possible. If the drift is too high (see 8.7.5), heat the

column or, if the stationary phase of the GCSeparation column 13 suitabie for this procedurs, rinse it with
solvent or replace the column. In case of a negative drift, check the connections of the columns for tightness.
Heat columns which are used for the first time (e.g. 4 h in the oven at a temperature gradient up to least
350 °C with a stream of carrier gas and maintain the final temperature for at least 30 min).

The following working conditions proved to be suitable for the analysis and may be adapted to the
requirements of the HPLC-GC-FID system:

— Pre-co

lumn uncoated, deactivated, 7 m to 10 m x 0,53 mm (6.8).

— Separation column: 100 % dimethyl polysiloxane, low bleeding (15 m long, 0,25 mm i.d. 0,1 pm to
0,25 pm film thickness) (6.9).

© IS0 2024 - All rights reserved
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further on with 25 °C/min to 370 °C, hold for 6 min.

Oven temperature: Initial temperature 60 °C, 8 min isothermal, programmed with 15 °C/min to 120 °C,

Carrier gas: hydrogen, inlet pressure for MOSH 70 kPa, after closing the solvent vapour exit 150 kPa until

the MOAH fraction is ready for GC separation, inlet pressure for MOAH 65 kPa, after closing the solvent
vapour exit 150 kPa for both channels.

NOTE 1

In two-channel systems, the first fraction can be kept at a lower pressure, e.g. 30 kPa

on the pre-

column, until the second fraction is ready for separation. Finetuning of the pressure values can be necessary for

eachin

dividual system.

Detector temperature: 380 °C. (Very high detector temperatures can lead to a shortened lifetime of the

temperature sensor. If lower oven and detector temperatures are used, a higher baseline drift can occur

at the
discrin

Fracti

8.7.3 So

Discharge
separation|

While
of the
3 s en{
volatil
restrid

The ex

In add
signalj
the ind

8.7.4 Pe
Typical chi

Check the 1
solution (5
shall be giy

Adjust the

Using the
the areas 4
fractions.

111111 OT—CIIc—T TITC T TITOT

hination of high boiling n-alkanes.)

ndoftha chroratograrac or tho DTN na-z-la chall ba claano
He—otr—re-entroacogaits t T 674 re-5hchr— ot trea e e ore—orteh—1it GHeHEOT

n volume: 450 pl.

vent vapour exit configuration

most of the evaporating solvent via the solvent vapour exit betwéen the pre-colun
column. The best time to close the solvent vapour exit can be determined as follows:

the hexane is evaporating from a hexane injection, ignite the escaping solvent vapouf
alve tubing with a lighter and record the stop time until thie,flame extinguishes. This
ures that a residual small part of hexane remains in the/system to allow the reconce
e components in the separation column. The time can vary slightly depending on the l¢
tion capillaries.

act parameters should be optimized so that no,significant losses are observed for C10.

tion, when operating a two-channel system;it has proven to be best to adapt the end of
to the same time if possible in order to-be able to use the same retention times for n-
ication of sub-fractions for both channels.

ak identification
omatograms can be found4nAnnex A.

etention times and arearatios of the standards by injecting 50 pl of a solution of 100 |
.17) diluted by adding’/into 600 pl n-hexane. The resolution of n-undecane (C11) and

en (see Figure A:3).

standard solution concentration as suitable for the system, if necessary.

n-alkane\standard mixture, ensure non-discriminating detection of all hydrocarh
nd the'retention time up to C50, and determine the retention time limits for MOSH

maraoftan Tn A3+ o0
€-61t€ o

, check for

hn and the

at the end
ime minus
ntration of
ngth of the

the solvent
hlkanes for

1l standard
the solvent

ons, check
and MOAH

A very broad peak (of about 5 min to 15 min width, depending on the GC conditions) in sample extracts
represents an unresolved complex mixture (UCM) of hydrocarbons, which cannot be resolved with the

chromatog

raphic system. It is attributed to petroleum hydrocarbons (see Figure A.7).

Hydrocarbons from mineral oil do not include n-alkanes with dominant odd-numbered chain lengths or
terpene-like hydrocarbons such as squalene, sterene or carotenoids naturally occurring in edible oils. In
the saturated hydrocarbon fraction of sunflower oil, the main peaks correspond to the saturated aliphatic
hydrocarbons C27, C29 and C31 (see Figure A.6). For MOSH determination, all sharp signals on the hump
shall be subtracted.

Similarly, for MOAH determination, all sharp signals on the hump shall also be subtracted.

© IS0 2024 - All rights reserved
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In addition, for some purposes a distinction is made between MOSH and oligomeric polyolefins as for POSH
(see Figure A.12) or ROSH (see Figure A.14), or synthetic lubricants such as poly-alpha-olefins (PAO) (see
Figure A.13). In some cases, these substances cannot be distinguished from hydrocarbons from mineral oil
using HPLC-GC-FID.

If POSH or ROSH are recognizable in the MOSH chromatogram due to their typical signal pattern, the riding
peaks shall be subtracted from the MOSH content, but their presence is mentioned in the report, as part of
their content is counted into the MOSH fraction.

If ROAH are recognizable in the MOAH chromatogram due to their typical signal pattern (see Figure A.15),
the riding peaks shall be subtracted from the MOAH content, but their presence is mentioned in the report,

as part of their content is counted into the MOAH fraction.

If PAO are
A.17), the

For petrold
the MOSH
have an ap
higher tha
in presenc
assumptio

CYCY is no
should be i

TBB serve
pairs. They
overlappin

TBB featur
main comp
signal peal
and reprod

8.7.5 Sy

Inject an al
the interng
about 1,5 11

The follow

ratios. If the MOSH and MOAH fractions are completely separated, CYCY, C11, C13 and CHO shall &

exclusively
If a marke
MOAH frad

In a 2:1 ratio, otherwise one of the two standards may be superimposed.

'AO peaks shall be integrated in the MOSH content, and their presence is mentioned, it

um products not obtained by hydrogenation or mixing of different base products, th

ps A.16 and
the report.

b signals in

and the MOAH fraction should show the same molecular weight range and) both sig
proximately Gaussian chain length distribution. In most cases, the MOSH-fraction is s
h the MOAH fraction, which exceeds 30 % of the total MOH in special [products, only
e of mixtures of several mineral oil products or other technical processes, these
hs are not always correct (see References [8] and [9]).

rmally not present in MOSH and is used as a quantification standard. The areas of CY

b as an internal standard for the MOAH fraction. 1-MNyand 2-MN are easily recogniz
shall be completely separated from each other and have an area of equal size in order

p (see Figure A.4).

es a higher degree of alkylation than 1-MN and 2-MN and therefore was more compar
ounds of most MOAH fraction constituents'found in edible oils. In addition, the integr
x for TBB was often easier than for 1-MN and 2-MN. Therefore, TBB yielded better re

stem suitability test

iquot of the diluted ISTD 2-selution (5.17) and the series of n-alkanes from C10 to C50
| standards, this should correspond to an absolute amount, for example, for CYCY in t
g (e.g. 20 pl of a 1/150 dilution or 50 pl of a 1/500 dilution).

ing information ds,provided on the presence or absence of the various substances and

in the MOSHfraction, while PB, 1-MN, 2-MN, TBB and perylene occur only in the MOA
 is deteCted in the wrong fraction, check whether the HPLC column separates the
tions_correctly or whether the fraction windows are set correctly. The end of the MO/

als should

Iillgnificantly

. However,
blausibility

’Y and C13

ed as peak
to exclude

able to the
htion of the
peatability

ucibility data in collaborative trials and’shall be used regularly as quantification standlard.

(5.27). For
he range of

their area
e detected
H fraction.
MOSH and
\H fraction

can be cle

alfly §eéen in the UV chromatogram of the HPLC (see Figure A.1). The order of the substa

ce classes

in the fractienation is shown schematically in Figure A.2. The gentle blow-off or complete elution of the

MOSH fraction can be recognized by the undiminished areas of CIT and CHO, respectively. In the MOAH
fraction, TBB and perylene shall be completely recovered to ensure correct fractionation. If problems occur,
the column shall be reconditioned, the gradient shall be adjusted or the HPLC column shall be replaced.[1]

C11 should be sufficiently well separated from the solvent signal and its area shall not be discriminated
against the other internal standards to ensure correct refocusing after blowing off excess solvent without
loss of volatile substances. CHO elutes in the HPLC at the end of the MOSH fraction. In the case of low
CHO signals, the fraction limits shall be checked. However, CHO is partially removed with alumina oxide
column clean-up. The presence of interfering long-chain n-alkanes, such as those found in sunflower oil (see
Figure A.6), shall be eliminated by using the alumina column (see 8.4) (see Figure A.7).

Losses of PB indicate poor refocusing or too much blow-off at the SVE and TBB indicates the correct fraction
start during transfer. A reduced area of perylene, which elute at the end of the MOAH fraction, indicates

© IS0 2024 - All rights reserved
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incomplete fraction transfer or can be caused by loss after epoxidation. Successful removal of interfering
substances is shown in Figures A.8 and A.9.

The system is ready for use when the fractions of MOSH and MOAH are completely separated according to
the standards.

See also the information given in 5.15 for samples containing highly alkylated benzenes and napthenes.
High levels of MOSH can result in a carry-over of MOSH into the MOAH faction. In such cases, the sample
concentration shall be lowered in order to avoid false-positive results for MOAH.

Using the chromatogram of the series of n-alkanes from C10 to C50 (5.27), check that the ratio of the peak areas

of C50 to C20 and of C10 to C20 is between 0,8 and 1,2 (see Figure A.5). No other response factors are used.

In order t

eRSHre rnvvnr'f Clgh'l] nxrﬁ]nﬂf!nh oopnr!f\"xr f\f fhn ]nxrn] nF flﬁn I n{'\ tha offcat aftha
*

aseline in

the area o
integrated
be improve

In summarj
— Appro
Peaks

Compl

Peakr

Verific
The sig
ratio
startt

8.8 Blan

Every wor]
should be 1
This result

8.9 Qua

Atregular
oil mixturg

Discrifination C10/C20 and C50/C20 between 80 % <x < 120 %.

TITE-oTrro Tt oIt

[ integration of MOSH and MOAH shall not exceed one quarter of the height of the)s
(see Figure A.18). In such cases, the chromatographic separation performance of(the’s)
d or the LOQ shall be increased.

y, the following conditions should be examined:
briate straight baseline, blank level < 1/3 of the LOQ.
hre symmetrical and do not show significant tailing.

bte separation of solvent and C10.

htio between TBB and 2-MN < 1,25.

ation of the LOQ of a matrix by adding a suitable-mineral oil product before sample p
rnal of the hump at the LOQ should have a relative standard deviation < 20 % and a sig]

10. In addition, the LOQ should be tested\with a mineral oil product, whose signal
b end is comparable to or higher than thé)boiling range of the MOH in the sample to be

K run

king day, a reagent blank runishall be carried out and evaluated like the samples. Thg
ree of interfering humps@nd the baseline should be as flat as possible (without exces
should be subtracted from the sample result. The blank level shall be less than one third

ity control

to a samplethat is preferably uncontaminated.

The additi
to be effect

ignal to be
Fstem shall

reparation.
hal to noise
width from
evaluated.

blank run
sive drift).
of the LOQ.

intervals, defermine the accuracy of the measurements by adding known quantities of a mineral

n of a certified material containing both MOSH and MOAH and no other ingredients
ive~The use of external or internal reference material with a control chart is also reco

has proven
|mmended.

9 Result of the determination

9.1 Testing the chromatograms for sufficient epoxidation and other relevant parameters

Before the actual calculation of the MOAH fraction, the chromatogram obtained from the epoxidized
sample shall be checked for sufficient epoxidation. Sufficient epoxidation is achieved when all interfering
compounds, discrete peaks on the hump, have been eliminated to such an extent that all residual peaks are
completely resolved and the course of the hump can be identified unambiguously. The size of the hump shall
not be affected by poorly resolved peaks. Inspection of the chromatogram should be done at a scale, which
shows the hump at a size of about two thirds of the chromatogram. An example of insufficient removal

© IS0 2024 - All rights reserved
13


https://standardsiso.com/api/?name=c40ab40b41f2b310830c6446e50dd879

ISO 20122:2024(en)

of interfering substances is shown in the chromatogram in Figure A.8. In contrast, the chromatogram in

Figure A.9

allows an unambiguous quantification of the hump.

For chromatograms that indicate overloading, it can also be useful to reduce the injection volume or

sample ma

SS.

If a sufficient removal of interfering peaks cannot be achieved, the LOQ shall be increased to such an extent

that the no

Proceed as

n-resolved interfering signals simulate a hump.

follows:

underneath, which includes the riding peaks.

Integrate the unresolved signals as in Figure A.19 as riding peaks and subtract them from the total area

Ifanu
be ma
signalj

In addition|

suffici

presen

absend

9.2 Calc

In order to
Ay is deter
UCM (see H
the n-alkar

Then dete
baseline in|

The differdg
If the posit
standards

The MOSH

$

e, the LOQ shall be raised by the amount that results from the sum of the total area|of
and any possibly underlying hump.

the chromatograms should be checked for:
ent recovery of internal standards;
ce of the verification standards in the correct fractions;

e of discrimination for low and high boiling substances.

ulation

calculate the content of hydrocarbons from mineral oil in a sample, the range of all hyc
mined by manually integrating the total signal ef.the UCM and all sharp peaks in the r
igure A.10), starting from the baseline until the baseline is reached again in the eluti
les from C10 to C50.

mine the sum of the areas of all sharp-riding peaks above the UCM to determine ai
the chromatogram shall be drawn from valley to valley (see Figure A.11).

nce A, for determining the area 6fthe UCM is shown by Formula (2):

_AZ

ion of the quantification standards (CYCY, TBB or 1-MN) are on the UCM signal, the a
hre also integratedwith a valley to valley baseline.

and MOAH nfass fraction (wy) in mg/kg is shown by Formula (3):

A; X Mg x 1000

Wyce =

ambiguously distinction between unresolved signals and possibly underlying hump caln no longer

inresolved

Irocarbons
ange of the
bn range of

ea A,. The

(2)

reas of the

(3

where:

Ai
Agg
myg

m

The result

is the peak area of the UCM after deducting all sharp peaks above the UCM (A1 - A2);
is the peak area of the internal standard peak;

is the mass of the added internal standard in mg;

is the mass of the sample in g.

shall be expressed to two significant digits.

In addition to this information, the result can also be divided into fractions corresponding to specific elution
ranges of the n-alkanes. The fractions given in Table 2 were reported separately in Reference [8].
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Table 2 — Fractions according to Reference [8]

MOSH
Total MOSH [C10-C50]
MOSH = n-C10 to < n-C16
MOSH > n-C16 to < n-C20
MOSH > n-C20 to < n-C25
MOSH > n-C25 to < n-C35
MOSH > n-C35 to < n-C40
MOSH > n-C40 to < n-C50

MOAH
Total MOAH [C10-C50]
MOAH = n-C10 to < n-C16
MOAH > n-C16 to < n-C25
MOAH > n-C25 to < n-C35
MOAH > n-C35 to < n-C50

TIe The Concentration of the fraction of the UCM I the elution range of the n-aikan
pgram of the standard mixture of n-alkanes from C10 to C50 (5.27) and transfer.thes

bd n-alkanes.

epends on the respective width and height of the area of the UCM signal.|The area valu
error than for single substances, since small fluctuations in the baseline produce lar
with broad signal peaks. For a reliable quantification, about 50'ig’to 100 ng of subs
flame ionization detector.

pplies to the sum of all petroleum hydrocarbons in the MOSH or MOAH fraction. Info

| via direct contact as well as via the gas phase, whereas the higher-chain substanc
1 via direct contact or via bound particles.

sion of the method

in interlaboratory test on the precisién of the method are summarized in Annex B. It

those given.

patability limit

given in Taples B.2 to B.135in/not more than 5 % of the cases.

10.2 Rep

The absolu
laboratorig

roducibility limit

te difference between two single test results found on identical test material repor

10 to C16, determine the retention times from the peak start of C10 and the peak end’q

e UCM for perpendicular integration. Each of the following fractions begin with’the

I certain chain length fractions also enables to further‘Characterize the findings an|
about possible pathways for carry over. Substances+in the elution range below (

ues derived from this interlaboratoty test are not applicable to concentration ranges ar

te difference betweén)two single test results found on identical test material by on
ame apparatus within the shortest feasible time interval will exceed the repeatabil

swilt exceed the reproducibility limit, R, given in Tables B.2 to B.13, in not more than 5 % ¢

s from, for
f C16 from
e retention
eak end of

e is subject
ve changes
tance shall

rmation on
d provides
24 can be
bs are only

is possible
d matrices

e operator
ity limit, r,

fed by two
fthe cases.

11 Test report

The test re

port shall specify:

a) all information necessary for the complete identification of the sample;

b) the sampling method used, if known;

9

the test method used, with reference to this document, i.e. ISO 20122:2024;

d) the date of receipt;

© IS0 2024 - All rights reserved
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f)
g)
h)

ISO 20122:2024(en)

the date of test;

the mass(es) of the test portion(s);

the range of the hydrocarbon chain length analysed;

all operating details not specified in this document or regarded as optional, together with details of any

incidents that can have influenced the test result(s);

the test result(s) and the units in which they have been expressed, or, if the repeatability has been

checked, the final quoted result obtained;

information regarding an increased LOQ due the presence of non-resolved interfering signals

simul

ting a hump,

inform

ation regarding the presence of POSH, PAO, ROSH or ROAH observed in the chromatog

© IS0 2024 - All rights reserved
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Annex A
(informative)

Graphics and chromatograms

All the chromatograms in this annex are presented with an x-axis related to time in min and y-axis related
to abundance.

Y1 Y2
3 1 3 5 - 80
2 - 60
MOSH MPAH 5
14 n 6 - 40
vv—w*""'w ’
4 L
0 1 20
0 5 10 15 20 25 30
X
Key
1  separation
2 perylenpe
3 backflush
4  UVsignal
5 re-equilibration
6  pressufe
Figure A{1 — HPLC-UV chromafogram with characteristic signal and pressure channel ofla MOSH-
MOAH measurement
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3d

Q
< o
o

MOSH MOAH

3a —

2d —=

Key
1  injectign
2 MOSH

2a  hjgh mass paraffins
2b  1dw mass paraffins
2c  npphthenes
2d  cholestane

3  MOAH
3a tifi-tert-butylbenzene,
3b alkylated benzenes
3c  highly alkylated polycyclic aromatics
3d
3e perylene

—

dw alkylated polycyclic aromatics

wax esters
5 saturated wax esters
retentipn time

NOTE Yource: Figure A.2 modified from Refexences [3] and [5].

Figure A2 — Elution scheme of the'substance classes of the MOSH and MOAH fraction (upper part)
andl the verification standards used for the limits of the fraction windows (lower p4rt)
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CYCY

300 -

200 - c13

100 /

1L

10 15 20 25

Key
C11 undefane
CYCY bicydlohexyl
C13 tridefane
CHO cholgstane

Figure A.3 — HPLC-GC-FID chromatogram of the MOSH fraction.of the ISTD mixture

TBB
Y 140 - PB
1bo - [N
100 -
80 P
60 -
40 -
20 k
I~ A
T T T T T T
0 5 10 15 20 25 30
X
Key
PB pertylbenzene

2-MN  2-mpethylnaphthalene
1-MN  1-methylnaphthalene
TBB tri-fert-butylbenzene
P perylene

Figure A:4.- HPLC-GC-FID chromatogram of the MOAH fraction of the ISTD mixtute
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C13 tridecgdne C35 pentatriacontane
C16 hexaddcane C40 tetracontane

C20 eicosanpe

Figure

C50 pentacontane

A.5 — HPLC-GC-FID chromatogram of an alkane standatd mixture from C10 to (
testing non-discriminatory fractiontransfer

50 for

CYCY

C13

\J

C40

Ll

1e
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(
Key
C10 deca
CYCY bicydlohexyl
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C40 tetra

Figure A.6 —HPLC-GC-FID chromatogram of the MOSH fraction of a contaminated sunfl

Contane

15

20

with biogenic long-chain n-alkanes

25

30

bwer oil
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CHO
c10 CYCy

C13

> N U _J

0 5 10 15 20 25 30
X

Key

C10 decape

CYCY bicydlohexyl

C13 tridefane

CHO cholgstane

Figure A.7 — HPLC-GC-FID chromatogram of the MOSH fraction of a contaminated sunfl

Key

(80 mg/kg) after purification with aluminium oxide-column

bwer oil

D PB W‘ THB

h - 2MN |ff[1MN

PB pentylbenzene
2-MN 2-methylnaphthalene
1-MN 1-methylnaphthalene

TBB tri-te]

Figure /

rt-butylbenzene

1.8 — HPLC-GC-FID chromatogram of the MOAH fraction of a contaminated sunfl

pwer oil
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retention tin

Figure A.10:=< HPLC-GC-FID chromatogram of the MOSH fraction of a refined coconu

ethylnaphthalene
fert-butylbenzene

(15 mg/kg) after epoxidation

\.9 — HPLC-GC-FID chromatogram of the MOAH fraction of a contaminated sunfl

bwer oil
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Y
cycy CHO
60 + C10
c13
40
20
N _— M
0 T T T T T T
0 5 10 15 20 25 30
X
Key
C10 decane

CYCY bicydlohexyl
C13 tridefane
CHO cholgstane

The riding peaks shown in black, which have been integrated from valley-to-valley, shall be subtracted frojn the MOSH
fraction.

Figure A.11 — HPLC-GC-FID chromatogram of the MOSH fraction of a refined coconuf fat

Y

c11 CHO
2 .
cycy
1 .
1 .
C13 (PP, C3 interval)
\N A
G ! N
1I0 1I5 2|0
X
Key
C11 undecane
CYCY  bicyclohexyl
C13 tridecane

CHO chdlestane
PP, C3 POS$H from-polypropylene

For POSH from polypropylene, the distance between each peak apex corresponds to three carbon units. For POSH from
polyethylene, the distance between each peak apex corresponds to two carbon units.

The POSH peaks shall be subtracted from the MOSH content.

Figure A.12 — HPLC-GC-FID chromatogram of the MOSH fraction with POSH content
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Y
120 A
CHO
100 1 il
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cYcy
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40
C13 PAO
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Key
C11 undefane

CYCY bicydlohexyl

C13 tridefane

CHO choldstane

PAO poly-plpha-olefins

The PAO peaks shall be integrated in the MOSH content.

NOTE The height and position of the peak apex varies depending on thie product.

Figure A.13 — HPLC-GC-FID chromatogram of the;MOSH fraction with PAO contents

Y] 140 CHO
C40

120

i c11
100 ROSH

80

60

C13

407 cycy

20

Key
C11 undefcane
CYCY bicydlohiexyl
C13 tridecane
CHO cholestane
C40 tetracontane

ROSH resin oligomeric saturated hydrocarbons
The ROSH peaks shall be subtracted from the MOSH content.

Figure A.14 — HPLC-GC-FID chromatogram of the MOSH fraction of a sample contaminated with
resin oligomers (ROSH)

© IS0 2024 - All rights reserved
24


https://standardsiso.com/api/?name=c40ab40b41f2b310830c6446e50dd879

ISO 20122:2024(en)

PB TBB
40 2-MN|| 1-MN
30
20
ROAH
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0 _A._J b A —
0 5 10 15 20 7r 20 35
X
Key
PB pentylbenzene
2-MN 2-methylnaphthalene
1-MN 1-methylnaphthalene
TBB tri-tert-butylbenzene
ROAH resinfoligomeric aromatic hydrocarbons
The ROAH peaks shall be subtracted from the MOSH content.
Figure A.15 — HPLC-GC-FID chromatogram of the MOAH¢fraction of a sample contaminated with
resin oligomers (ROAH)
Y 140l
cycy
120
100 c11
80
60
40
20H
I - v
0 =
0 5 10 15 20 25 30 35
X
Key
C11 undecane
CYCY bicydlehexyl

C13 tridecane

PAO poly-

alpha-olefins

C50 pentacontane

The baseline is traced from C10 to C50 to calculate the total hydrocarbon content.
The PAO peaks shall be integrated in the MOSH content.

Figu

re A.16 — HPLC-GC-FID chromatogram of the MOSH fraction of a cacao butter sample
contaminated with a synthetic lubricant (PAO)
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i1 CYCY
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60

40 1

207 %

Key
C11 undefcane
CYCY bicydlohexyl
C13 tridefane

To quantify the MOSH/MOSH analogues amount, all the sharp peaks above the hump-are subtracted but thg PAO peaks
shall be integrated in the MOSH content.

Figure A.17 — HPLC-GC-FID chromatogram of the MOSH fraction of a cacao butter sample
contaminated with a synthetic lubricant (PAO)

15 20 25

Key
1  signal heiglht
2 baseline shift

The ratio of the height of the baseline offset to the height of the MOH signal in the integration area should not exceed one
quarter.

Figure A.18 — HPLC-GC-FID chromatogram of MOH (MOSH and MOAH) - Limit for the ratio of
signal/noise

© IS0 2024 - All rights reserved
26


https://standardsiso.com/api/?name=c40ab40b41f2b310830c6446e50dd879

Key
C10
C12
C14
C16

deca

ISO 20122:2024(en)

1€

dodefcane

tetra
hexa

Hecane
lecane

bicydlohexyl

Figure

interfering substances

A.19 — HPLC-GC-FID chromatogram of the MOSH fraction —‘Integration of unre

solved
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Annex B
(informative)

Precision data

The data given in Tables B.2 to B.13 were obtained in an interlaboratory study, organized by ITERG
(France) from 2021 to 2022, in accordance with ISO 5725-2 for collaborative study procedures, to validate

characteristics of a method of analysis. Values were calculated from the results of the participants after
removal of outliers. -Table B 1 gives the identification of the cnmp]nc

Table B.1 — Identification of samples

Sample number Identification
Sample 1 Commercial refined grapeseed oil
Sample 2 Commercial refined palm olein
Sample 3 Commercial virgin coconut oil
Sample 4 Commercial refined rapeseed oil
Sample 5 Commercial extra virgin olive oil
Samole 6 Commercial cold pressed rapeseed oil, spiked at 7 mg{kgwith a naphthenic oil containling both
p MOSH and MOAH (70:30)
g Sunflower oil, refined, spiked at 18 mg/kg with a naphthenic oil containing both MOSH and MOAH
ample 7 )
(70:30)
Sample 8 Commercial virgin coconut oil (Sample 3) spiked at 5 mg/kg with a naphthenic oil containing
p both MOSH and MOAH (70:30)
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