INTERNATIONAL
STANDARD 1

ISO
7780

First edition
2015-08-15

Animal and vegetable fats:and

oils — Determination of aliphatj

hydrocarbons in vegetable oils

Corp gras d’origines animale et végétale — Déterminatio
hydrocarbures aliphatiques énycorps gras d’origines végél

h des
ale

-_— Reference number
=) — 1SO 17780:2015(E)

©1S0 2015


https://standardsiso.com/api/?name=06d8a8346f4482c40227b3e11604dc91

ISO 17780:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=06d8a8346f4482c40227b3e11604dc91

ISO 17780:2015(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIUETOQUICEION........cco s \%
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Principle
5 Reagents
6 APPATARUS ..ot Koo e 3
7 SAMPIITIG ..oy Ay e e 4
8 Preparation of the test SAMPIe...........cie e N e 5
9 PIrOCEAUTE. ..ottt e
9.1 Chromatography column preparation ... S
9.1.1  Preparation of AgNO3 impregnated silica gel.. i
9.1.2  Column pacKing ...l

9.2 Elution of the hydrocarbon fraction
9.3 Gas chromatography ...,
9.3.1  Gas chromatography setup
9.3.2  Working conditions for gas chromatography analysis

9.3.3  Peak identification. ... M e
9.3.4  Performance of the gas chromatography system
9.4 Procedural blank ... 38
9.5 Quantitative determination
10 Determination of hydrocarbonsdttributed to mineral origin..............cfi, 11
11 PIECISION ...t e 11
0 000 T 0 0] = 000 =) ] SOOI (S 11
11.2  REPEALADIIILY oo e e e 11
11.3  RePTOAUCTDIIIET St 11
12 T@STTEPOTL ... ettt e 11
Annex A (informative). EXxamples of chromatograms...............eeeseee i 12
Annex B (informative) Validation of silver nitrate impregnated silica gel purification....{............. 17

Annex C (informative) Procedure for rapid method

Annex D (informative) Fat extraction from food sample ... o 23
AnnexE (informative) Results of interlaboratory trials ... 26
BIDLEOZTAPIY . ... 29

© 1S0 2015 - All rights reserved iii


https://standardsiso.com/api/?name=06d8a8346f4482c40227b3e11604dc91

ISO 17780

:2015(E)

Foreword

ISO (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.
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Introduction

The major saturated hydrocarbons present in vegetable oils are long chain n-alkanes, containing more
than 21 carbon atoms, and having an odd carbon number preference.[1l

Mineral oils can contain n-alkanes with up to 60 carbon atoms with no odd carbon predominance.
Chromatograms of mineral oils obtained by this method are characterized by a wide peak due to
the presence of a complex mixture of saturated branched and cyclic hydrocarbons. Medium and low
viscosity mineral oils are typically characterized by a complex mixture with between C10 and C25 chain
length; while high viscosity mineral oils are indicated by a complex mixture with the midpoint around
C30 ghatrtenstht-TheJotntFAG S e ormmittec-onFood-Additive Ahas set several
ADIs|for mineral oil (2002) dividing low-medium viscosity mineral oils into three differémt subclasses
depending on the point of toxicity. This method does not help to distinguish between different classes.

Chromatograms of diesel oil are characterized by the presence of n-alkanes between C10 and C25 chain
length with no odd carbon predominance, i.e. both even and odd numbered hydrocarbons|are present
in relatively equal proportions.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD
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Animal and vegetable fats and oils — Determination of
aliphatic hydrocarbons in vegetable oils

1 Scope

This International Standard specifiesamethod for the determination of saturated aliphatichydrocarbons

fronfﬁwﬁ%ﬁ#mmpmmmmmmm mineral oil
and dliesel oil.
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3.2
unre
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com;lylex mixXture of saturated hydrocarbons not resolved by gas chromatography, representj

method is applicable to all types of crude and refined edible oils and fats, forleonce
ral oils from 50 mg/kg to 1 000 mg/kg.

id method for refined and virgin (or cold-pressed) oils is proposed in Annex C. This rap,
dapted for crude oils due to a lack of retention of triglycerides obseryed for some sam

pthod for fat recovery from food samples by soxhlet extraction with a blend of
osed in Annex D.

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced docitment (including any amendments) appl

61, Animal and vegetable fats and oils — Preparation of test sample

erms and definitions

he purposes of this document.the following terms and definitions apply.

ocarbon contents
of saturated aliphatic hydrocarbons, expressed as a mass fraction, determined acco
od specified

solved complex mixture

ntrations of
id method is
les.

solvents is

ent and are
For undated
es.

rding to the

ed by a wide

peak

which can be due to a contamination with mineral oil

Note 1toentry: The width of the peakis approximately 5 minto 15 min depending on gas chromatography conditions,

Note 2 to entry: See relevant chromatograms in Annex A.

3.3

diesel
sum of saturated n-alkanes between C10 and C25 chain length, expressed as a mass fraction, determined
according to the method

Note

© ISO

1 to entry: See relevant chromatograms in Annex A.
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4 Principle

The saturated aliphatic hydrocarbons of the sample are isolated by liquid chromatography on silica gel
impregnated with silver nitrate and determined by capillary gas chromatography with flame ionization
detection using an internal standard. From the chromatogram, the area attributed to mineral oil
is calculated by the subtraction of sharp peaks due to n-alkanes (naturally occurred hydrocarbons)
from the total area including the UCM. To indicate diesel contamination, the peak areas of individual
hydrocarbons between C10 and C25 chain length are summed and quantified together.

5 Reagents

WARNING + Attention is drawn to national regulations that specify the handling of hazarfous
substances] and users’ obligations thereunder. Technical, organizational and personal safety
measures shall be followed.

Unless othefwise specified, use only reagents of recognized analytical grade.

5.1 Silicajgel 601, extra pure for column chromatography with particle size between 60 um and 2000 pm
(70-230 mesh).

5.2 Water, distilled and cooled down to room temperature.

5.3 Anhydrous sodium sulfate, analytical grade, purity 99 % minimum.

NOTE Sadium sulfate may be replaced by sea sand, washed witli-h-hexane.

5.4 n-Hexane, trace organic analysis grade, purity?99 % minimum, residue after evaporftion
maximum 2|mg/kg.

NOTE1 He¢xane purity may be checked by concéentrating 200 ml of n-hexane mixed with 2 ml of intlernal
standard solyition (5.6) using a rotary evaporator,'dissolving the residue in 0,2 ml of n-hexane and the analysis of
5 ul by gas chiromatography (9.3).

NOTE 2  Hexane may be replaced by isgectane, n-heptane or a mixture of alkanes of boiling point 65 °C to [0 °C,
as long as th¢ residue after evaporatiop-is-maximum 2 mg/kg. Solvents with higher boiling point than n-h¢xane
take longer tp evaporate. However, they-dre preferred due to the toxicity of hexane.

5.5 InterIal standard: n-oetadecane (C18), purity 99 % minimum.

n-Octadecane may be réeplaced by n-eicosane (C20). Before choosing one of these two compoungs as
the internal|standard;it should be verified that there is no co-elution with other peaks from the sample
to be analyded.

n-Octadeca
to avoid the

le-shall be replaced by naphthalene if the sample is contaminated with a diesel oil, in

5.6 Solution of internal standard, mass concentration p = 0,04 mg/ml.

As an example, weigh to the nearest mg, approximately 50 mg of n-octadecane (5.5) and dilute to 25 ml
with n-hexane (5.4), and then proceed with a second dilution of this mixture of 1 ml — 50 ml with
n-hexane. Store this solution at room temperature in order to maintain its stability.

5.7 n-Decane (C10), purity 99 % minimum.

1) Silica gel is available from Merck, reference 7754 or 7734. This reference is an example of a suitable product
which is available commercially. This information is given for the convenience of users of this International Standard
and does not constitute an endorsement by ISO of this product.
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5.8 n-Decane solution, mass concentration p = 0,04 mg/ml.

As an example, weigh to the nearest mg, approximately 50 mg of n-decane and dilute to 25 ml with
n-hexane (5.4), and then proceed with a second dilution of this mixture of 1 ml — 50 ml with n-hexane.
Store this solution at room temperature in order to maintain its stability.

5.9 Octatetracontane (C48), purity 99 % minimum. This standard is used to limit the integration of
the hump to a certain retention time that will correspond to the retention time of this hydrocarbon.

5.10 Octatetracontane solution, mass concentration approximately p = 0,08 mg/ml.

As an example, weigh to the nearest mg approximately 2 mg of octatetracontane (5.9) and dilute to
25 mfl of n-hexane (5.4). Store this solution at room temperature in order to maintain its'stgbility.

NOTH Solubility of octatetracontane in hexane is limited at room temperature, due t¢'its high nelting point.

Howagver, the concentration of the solution of octatetracontane does not need to be accurate as it i§ used only to
determine the limit of integration for the mineral oil peak.

5.11| Silver nitrate (AgNO3), analytical grade.

5.12] Silver nitrate aqueous solution, mass concentration p = 0,75 g/ml.

As an example, to prepare silver nitrate silica gel for 3 columns, weigh approximately 4,6 g of silver
nitrate in 6 ml of distilled water (5.2).

5.13| Carrier gas for gas chromatography, helium of hydrogen.

5.14| Auxiliary gases for flame ionization détector, hydrogen, air, and nitrogen suitpble for gas
chromatography.

5.15| Alkane standard mixture C10,t0:6402), solution in non-polar solvent.
5.16| Viscous paraffin and highlyJiquid paraffin3), solution in non-polar solvent.

5.17| Solution of paraffin, and n-octadecane, mass concentration of paraffin p = 0,5 mg/ml, mass
concentration of n-octadecane p = 0,08 mg/ml.

As an example, weighto the nearest mg, approximately 500 mg of viscous paraffin (5.16) and 80 mg
of n-pctadecane (5:5) and dilute to 10 ml with n-hexane (5.4), and then proceed with a secpnd dilution
of thfis mixture,6f 1 ml - 100 ml with n-hexane. Store this solution at room temperaturg in order to
mairtain its-stability.

6 Apparatus

Usual laboratory apparatus and, in particular, the following.

IMPORTANT — The glassware used for the determination shall be thoroughly cleaned and rinsed
with n-hexane (5.4) before use so that it is free from impurities.

2) Alkane standard mixture at 50 mg/1 is available from Sigma-Aldrich, reference 68281 (www.sigmaaldrich.com).
This reference is an example of suitable products which are available commercially. This information is given for
the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products.

3) A viscous paraffin is available from Merck, reference 107160. Highly liquid paraffin is available from Merck,
reference 107174. This information is given for the convenience of users of this International Standard and does not
constitute an endorsement by ISO of these products.

© IS0 2015 - All rights reserved 3
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6.1 Glass column for chromatography (30 cm to 40 cm length and 15 mm to 20 mm internal diameter),
fitted with sintered glass discs and polytetrafluoroethylene (PTFE) stop cock.

NOTE

discs in the glass column.

6.2 Glass

rods.

6.3 Round-bottomed flasks, 250 ml and 500 ml capacity.

6.4 Rotary-evs

to prevent c

6.5 Auton
temperaturg

6.6 Conic

6.7 Gas chromatograph, suitable for use with capillary column, equipped-with an on-column inj

or equivalern

NOTE A

inations.

Foss contamination. Clean the system thoroughly between determ

natic evaporator?, for 10 ml tube (optional), recommended operating; .Condit
of water bath = 35 °C, nitrogen pressure = 5 psi.

hl glass sample vials, 10 ml capacity.

t device, a temperature-programmable oven and a flame ionization detector (FID).

programmed temperature vaporization injector (PTV) may.also be used.

6.8 Data:

6.9 Capillary column, capable of being programmed up-to 400 °C (“high temperature” type) for

the followi

cquisition system, with the possibility of manual integration.

g characteristics are recommended: 100_% dimethylpolysiloxane or 95 % dimethyl

A pad of cotton wool exhaustively extracted with n-hexane may be used to replace the sintered glass

ions:

ector

Vhich
5%

diphenyl pdlysiloxane stationary phase, length 15(m, internal diameter 0,32 mm or 0,25 mm,| film
thickness 0,1 pm.

NOTE In| order to get a separation between' the solvent peak and mineral oil containing short chain
hydrocarbonk (C10 to C14), a 30 m long capillaty column can be used.

6.10 Microsyringe, 5 ul to 10 pl capacity, suitable for on-column injection in gas chromatography.

6.11 Analy|

6.12 Paste

Plastic Past{

tical balance, reading accuracy 0,001 g, weighing precision 0,001 g.

ir pipette, ifvglass.

bur pipettes shall be avoided. Polyethylene film shall also be avoided.

7 Sampling

A representative sample should have been sent to the laboratory. It should not have been damaged or
changed during transport or storage.

Sampling is not part of the method specified in this International Standard. A recommended sampling
method is given in ISO 5555.[3]

4) Zymark TurboVap LV evaporator is an example of a suitable product available commercially. This information is
given for the convenience of users of this International Standard 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.

4 © IS0 2015 - All rights reserved
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8 Preparation of the test sample

Prepare the test sample in accordance with ISO 661.

9 Procedure

9.1 Chromatography column preparation

9.1.1 Preparation of AgNO3 impregnated silica gel

Preppration of the silver nitrate silica gel column (for 3 columns): weigh 45 g of silica gel (5:1) in a 500 ml
rounfd-bottomed flask (6.3) protected by aluminium foil. With a Pasteur pipette (6.12),add.drop by drop the
silver nitrate solution (5.12) shaking continuously. Shake well for 30 min to homogeniZel Afterf completing,
covefl the flask with aluminium foil and allow to stand at room temperature for 1241béfore upe.

"2

In orlder to improve homogenization, it is recommended to use an automatic shaker. If no automatic
shaker is available, it is possible to put the flask in a rotatory evaporater equipment and rotate for
30 mlin without vacuum.

NOTE1 The impregnated silica gel can be stored one week at room temperature in a desiccator,|provided the
flasklis protected with aluminium foil.

NOTE 2  For screening purposes, AgNO3 impregnated silica gel can be replaced by non-impregndted silica gel.
The results will be similar or higher than those obtained using silvered silica gel.

NOTE 3  For refined vegetable oils other than refined elive pomace oil, AgNO3 impregnated silica gel can be
replafed by non-impregnated silica gel.

9.1.2 Column packing

In a heaker, suspend 18,5 g of silver nitraté-impregnated silica gel (9.1.1) in n-hexane (5.4). The slurry is
intrdduced onto the column (6.1) containing 40 ml of n-hexane and pack the column by tapping it gently
using a glass rod (6.2). Add at least 0;5 cm to 1 cm of sodium sulfate (5.3) on top of the AgNO3 - silica
gel, and compress the AgNO3 - silica gel bed with a stream of nitrogen. Rinse the AgNO3 - silica gel with
another 60 ml of n-hexane (5.4) to eliminate impurities in the AgNO3 - silica gel.

The ¢olumn should be covered with a black paper cylinder or with aluminium foil to avoid [oxidation of
the sflver nitrate.

Elutg the solvent until the level of the solvent in the column is about 0,5 cm higher than the AgNO3 - silica
gel bed. Put a 250‘ml round-bottomed flask (6.3) under the chromatography column.

9.2 | Elution of the hydrocarbon fraction

Weigh'tothe nearest 1 mg, 1 gofthe sampleinabeakerand add 1 ml ofthe solution of the interpal standard
(5.6), transfer the solution to the chromatographic column (9.1.2) with the aid of a Pasteur pipette (6.12)
and let the sample penetrate into the stationary phase. Wash the beaker with two portions of 1 ml of
n-hexane (5.4) and introduce the solution into the column. Elute the hydrocarbon fraction with 55 ml of
n-hexane (5.4) with a cadence of approximately 15 drops every 10 s, collecting the fraction in a 250 ml
flask (6.3). Evaporate most of the solvent up to 1 ml or 2 ml with a rotary evaporator equipped with a
water bath set to 35 °C (6.4). Transfer the concentrated solution to a 10 ml conical tube. Concentrate the
solvent up to 0,5 ml from the conical tube under a stream of nitrogen, using either a water bath at 35 °C
or an automatic evaporator (6.5). Take care that, in both evaporation steps, the residue is not evaporated
to dryness to avoid loss of the volatile alkanes.

Adjust the elution volume of n-hexane by the analysis of 1 ml solution of paraffin (5.17) and collecting
consecutive fractions of 50 ml, 10 ml, and 10 ml, and analysing each one by gas chromatography (GC).

© IS0 2015 - All rights reserved 5
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9.3 Gas chromatography

9.3.1 Gas

chromatography setup

Install the column (6.9) in the gas chromatograph (6.7) and check the working conditions by injecting
the solvent, n-hexane (5.4). The baseline should be straight with a small positive drift. If the drift is high,
proceed to condition the column, for a negative drift check the connections of the column.

If the column is used for the first time, it is necessary to condition the column by heating it in the column
oven using a temperature gradient up to 370 °C (depending on the oven temperature chosen for the
analysis) in 4 h. Maintain the temperature for 2 h.

9.3.2 Woi

'king conditions for gas chromatography analysis

The following working conditions have proved satisfactory for the analysis:
Column DB5 HT (15 mlong - 0,25 mm internal diameter - 0,10.pm film thickness)
0 Initial temperature 60 °C for 3 min, programmed at/12 °C/min to 350 °C,
ven tempgrature .
hold for 10 min
Carrier gas Hydrogen head pressure of 100 kPa
Detector temperature 370 °C
Injection vdlume 2 ul

NOTE W
have proved
to 300 °C, hol

These cond
apparatus a
to elute th
compromise

Typical chrd

9.3.3 Pea

Identify the
resolution @
solution (5.4
standard so

Inject 2 pl
consideratig

hen a programmed temperature vaporization injectot’is used, the following working cond
o be satisfactory for the analysis: initial temperature 50 °C for 0,5 min; programmed at 300 °(
d for 10 min.

tions may be adjusted in accordance with the characteristics of the gas chromatog
nd the column. However, the oven temperature shall be brought up to 350 °Cin ¢
p high molecular weight hydrocarbons. A temperature ramp of 12 °C/min is a
between a good sensitivity due(tora “thinner hump” and a limited baseline drift.

matograms are presented in'Annex A.

k identification

internal standard\n<octadecane by injecting 2 pl of the standard solution (5.6). Chec
f the n-decane~(€10) separated from the solvent peak, by injecting 2 pl of the stan
B). The resolution of the octatetracontane (C48) can be checked by injecting 2 pl g
ution (5.10)"See the chromatograms in Figures A.1 and A.2.

f theralkane standard mixture C10-C40 (5.15) in order to identify the areas to taks
nfor the calculation of C10-C25 alkane concentration (Figure A.1).

tions
/min

raph
rder
good

k the
dard
f the

into

In sunflower oils, the major peaks correspond to saturated aliphatic hydrocarbons C27, C29 and C31

(Figure A3).

The resolution of highly liquid paraffin and viscous paraffin (5.16) can be checked by injecting 2 ul of the
0,5 mg/ml standard solution (Figures A.4 and A.5).

A broad peak of about 5 min to 15 min width, depending on the GC conditions, represents a complex
mixture of hydrocarbons (UCM) that the chromatography cannot resolve and is attributed to mineral

oils (Figure

A.6 to Figure A.10).

In case of contamination of vegetable oil with diesel oil, the chromatogram is characterized by the
presence of n-alkanes between C10 and C25 chainlength with no odd carbon predominance (Figure A.11).
Naphthalene shall then be used as internal standard.

© ISO 2015 - All rights reserved
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9.3.4 Performance of the gas chromatography system

Inject 2 ul of the solution of paraffin and n-octadecane (5.17) in order to check the performance of the

gasc

hromatography analysis.

Calculate the recovery of the paraffin as follows:

Ryc =

D" Ayc-Ci5-100
Ajs-Cyc

where

The §
mor¢

9.4

Apr
poss

The
exce

Resuflts shall not be corrected by deduction of the blank content.

A prd
and j
toth
of co

9.5

To ¢
hydr

is the peak area of paraffin UCM peak (integration from the internal $t
to the end of the UCM peak - Figure A.4);

> Anc

Als is the peak area of the internal standard peak (n-octadecane);

Cis is the concentration, in milligrams per millilitres, of n-ottadecane in th

internal standard (5.17);

is the concentration, in milligrams per millilitres, of the paraffin in th
internal standard (5.17).

CHc

bas chromatography system is considered as optimized ifthe recovery of the paraffin i
than 90 %.

Procedural blank

ble sources of contamination, such as the glassware and the analytical instrument.

mineral oil content of the proceduraltblank shall not exceed the level of 10 mg/kg. If
bded, the source of contamination‘shall be identified and eliminated.

cedural blankis a blanksample made up of all reagents foreseen for the preparation of g
processed in all respeetsas a test portion. It consists of 1 ml of internal standard (5.6)
e AgNO3 impregnatéd-silica gel column and analysed as a sample according to the meth
htamination is expressed in mg per kg of vegetable oil, considering that the analysis is

Quantitative determination

hlculate the content of hydrocarbons in the UCM, first determine the mass fracf]
pcatbons (wyc1) by integrating manually the total signal composed of the UCM and the

indard peak

e solution of

b solution of

5 equal to or

cedural blank sample should be analysed in‘order to test the purity of the reagents buit also other

this level is

testportion
transferred
bd. The level
for 1 g of oil.

ion of total
sharp peaks

abov

e‘the UCM from the point that the baseline starts to increase until the baseline at the re

tention time

of octatetracontane (C48). However, depending on the type of mineral oil, the integration of the UCM
may begin before the retention time of the internal standard, and it may end after the retention time
of the octatetracontane (see Figure 1 for examples of the integration of total hydrocarbon signal; the
arrows indicate the beginning and the end of the integration).
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Minutes

Figure 1 — Examples of integration of the total hydrocarbon signal

Therl calculate the mass fraction of hydrocarbons of natural origin J(wwyc2) re-integrating the
chromatogram by tracing manually the valley-to-valley baseline over the-UCM profile for 4ll the sharp
peakis (see Figure 2 for examples of the integration of natural hydrocarbemn’signal).

cis

Minutes

AITIR
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Minutes

cis
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Minutes
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1
Minutes

cis

0 P 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Minutes

Figure 2 — Examples of the integration of natural hydrocarbon signal

If the n-octadecane peak lies on the UCM peak, the area of the standard determined in the second
chromatogram (integrated valley-to-valley) (Ajs)~is subtracted from the total area of the|first
chromatogrpm (including the UCM) and the restltant value is A;.

The mass fraction wyc of the hydrocarbons content, expressed in milligrams per kilogram, is
calculated 4s follows:

‘_1
Wi = 2 Ai-mys-1000
¢ Agg-m
where
E‘ 4. isahe peak area of all peaks other than the internal standard peak (either the geaks
~ 1 <above the UCM only for W2, or the UCM + the peaks above the UCM for Wyc1)
Als is the peak area of the internal standard peak;
mis is the mass, in milligrams, of the internal standard in 1 ml of solution (5.6);
m is the mass of the test portion, in grams.

The LOQ of the UCM peak is variable because it depends on the width and height of the peak, which
is analyte dependent. The value is subjected to a large error because small variations in the baseline
produce great variations in the area. An estimation of the LOQ is 25 mg/kg.

To calculate the concentration of UCM and n-alkanes that elute between C10 to C25, it is necessary to
superimpose the chromatogram of the sample and the chromatogram of the alkane standard mixture
C10 to C40 and to integrate the part of the UCM which is included in the range C10 to C25. In the standard
mixture, the C25 is not present, and hence the retention time should be calculated.

10 © IS0 2015 - All rights reserved
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To calculate the concentration of a diesel oil contamination, integration of the n-alkanes that elute
between C10 to C25 shall be carried out. It is necessary to superimpose the chromatogram of the sample
and the chromatogram of the alkane standard mixture C10 to C40, in order to identity the peaks that

need

to be integrated (Figure A.11).

Validation data for the silver nitrate impregnated silica gel purification are reported in Annex B.

10 Determination of hydrocarbons attributed to mineral origin

The content of hydrocarbons attributed to mineral origin (Wwmo-c10-56) expressed as a mass fraction in

milli

!

The
case

11 ]

grames pDI" lzi]ngr::m’ IIC {":l]f‘ll]ﬂfnf] aS F{'\]]f\‘l\l('
VMo =WHC1 ~WHC?2

result is expressed in milligrams per kilogram of mineral oil, referred to thé-internal
of wMmo-c10-25, @ special integration till C25 should be carried out.

Precision

11.1 Interlaboratory test

Detal
that
matrn

11.2
The

Is of an interlaboratory test on the precision of the methodare summarized in Annex E.
the values derived from this interlaboratory test ake.not applicable to concentration
ices other than those given.

Repeatability

hbsolute difference between two independent single test results, obtained with this s

on identical test material in the same laboratory by the same operator using the same equip,

a shd
Tabld

rt interval of time, will, in not mere’than 5 % of cases, exceed the repeatability limit
E.1, Table E.2 and Table E.3.

11.3
The

Reproducibility

hbsolute difference between two single test results, obtained with this same method

test material in differentlaboratories by different operators using different equipment, will

than

12 7
The {

5 % of cases, exceed the reproducibility limits, R, given in Table E.1, Table E.2 and Tabl

standard. In

[tis possible
ranges and

hme method

ment within

s, r, given in

on identical
in not more
e E.3.

[est report

estdeport shall specify:

e c - £ 41 1o el 4oz Lo b £41 1
— dIl HITUTIIIAUUIT TITTTS 541 y TUT LT CUTITPITLT TUTIILITNICAUIUIT O ULIT SAalIIpPIc,

— the sampling method used, if known;

— the test method used, with reference to this International Standard, i.e. ISO 17780;

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

— all operating details not specified in this International Standard or regarded as optional, together
with details of any incidents that may have influenced the test result(s);

— the testresult(s) obtained, or, if the repeatability has been checked, the final quoted result obtained.
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12

Millvolts.

Millvolts

Annex A
(informative)

Examples of chromatograms

Ty
=] |C10 %o
C18 C40
" ‘ L "
1 1 i Pt
Figure A.1 — GC chromatogram of an alkane standard mixture C1¢ to C49
ca8
Figure A;2'— GC chromatogram of the hydrocarbon standard: octatetracontane
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__ TRACE GC-Channel 1
E12-8513 huile de TO raffinée A
5000 5000
4000 C18 4000
é 3000 ng 3000 é
N c31 P
2000 2000
1000 Cc27 1000
W an A il [l Lﬂ_‘“LTL\ aaal sl al s
0 . . . . Il . . LT T T . . ‘ 0
0 2 4 6 10 12 14 16 18 20 22 24 26 28 30 R
Minutes
Figure A.3 — GC chromatogram of the aliphatic hydrocarbons fraction of a hon-
contaminated refined sunflower oil purified with silver nitrate impregnated siljca gel —
Internal standard: n-octadecane
= | le1o
o & W | N
=
Figure A.4 — GC.ehromatogram of high viscosity paraffin — Internal standard:
n-octadecane + n-decane

c1s

1 | LWL«MM

Minutes

Figure A.5 — GC chromatogram of low viscosity paraffin — Internal standard: n-octadecane
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5000

4000

3000

Millivolts

2000

1000

__ TRACE GC-Channel 1
réf HC A
5000

C18

4000

3000

Millivolts

2000

1000

Lol ad
. H‘\\

NOTE Theb
standard: n-o|

Figure A.

sunflower oil (150 mg/kg) purified with silver nitrate impregnated silica gel

8 10 14 24 30 32 34

T T T
2 4 6

Minutes

hseline was manually traced from 10 min to 25 min to calculate the total hydrocarbon content. In{
ctadecane.

b — GC chromatogram of the aliphatic hydrocarbon fraction of contaminated cry

Millivolts

TRACE GC-Channel 1
E12-8461 huile d'olive Capicua A

4000

C18

Millivolts

2000

NOTE Theb
standard: n-o

Figure A

14 24 30 34

Minutes

hseline was manually traced from 11 min to 28 min to calculate the total hydrocarbon content. Inf
ctadecane.

purified with silver nitrate impregnated silica gel

14

.7 —\GC chromatogram of the aliphatic hydrocarbon fraction of a pomace olive gi

ernal

de

ernal
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C18

NOTH
stand

The baseline was manually traced from 8 min to 23 min to calculate the totalhydrocarbon cor
ard: n-octadecane.

tent. Internal

Figure A.8 — GC chromatogram of the aliphatic hydrocarbon fraction of a spiked virgin olive oil

NOTH
stand

Fi

(50 mg/kg) purified with silver nitrate imptegnated silica gel

C18

The baselineywas manually traced from 9 min to 22 min to calculate the total hydrocarbon cor
ard: n-octadecane.

bure A9 — GC chromatogram of the aliphatic hydrocarbon fraction of a crude so

tent. Internal

ybean oil

(90 mg/kg) purified with silver nitrate impregnated silica gel
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c18

U \ \
e Wh.ﬁ_._,,.;mm_,) I« N j e LWl M h W e LW
0 T Y O S T T R
Minutes
NOTE The baseline was manually traced from 9 min to 22 min to calculate the total hydrocatben content. Inf

standard: n-o

Figure 4

ctadecane.

.10 — GC chromatogram of the aliphatic hydrocarbon fractien of a contaminate
walnut oil purified with silver nitrate impregnated silica gel.

Millvolts.

RACE oc-channdl 1 TRACE GC-Channel 1
p aimeidicse! + nagjntalene apres évapo B C€10-C40 (50°C)

naphtalene

C10 B
Cl4 Cl6 C18_,C20 C22 C24 C26 c28 e

ol L

Millval

C chromatogram of the aliphatic hydrocarbon fraction of a crude palm oil contaminated with die
hrified with silver nitrate impregnated silica gel - Internal standard: naphthalene.

C chromatogram of an alkane standard mixture C10-C40.

ernal

tel oil

Key

in black G
p

in blue G

16

rigure A.11 — Superposition of two GC chromatograms
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Validation of silver nitrate impregnated silica gel purification

A refined sunflower oil (REF) was spiked with an increasing amount of a viscous paraffin in order to
verify the recovery using n-octadecane as the internal standard.

Reco
ther
is no

veries were calculated for addition of mineral oil content between 10 mg/kg and 11000 mg/kg and
pcoveries were between 97 % and 120 %. For lower concentrations, a slight overestimdtion of 20 %
Ficeable, which corresponds to 3 mg/kg.

Tdble B.1 — Recovery data for the addition of increasing mineral oil content in veggtable oil

Sample Mineral oil content (mg/kg) Recovery (%)
REF 11
REF + 10 mg/kg 23 120
REF + 20 mg/kg 33 109
REF + 50 mg/kg 65 106
REF + 500 mg/kg 497 97
REF + 1000 mg/kg 1004 99

eeeeeeeeeeeee

Groundnut oil purifiedfon
AgNOgSiIica gel (18,58)
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1200

10004

w Groundnut oil purified on
Silica gel (20g)

R ]

rLMN\M'\M A |

I
WW VTN AT e ] “Hk

Figure B.1

— Chromatograms of crude vegetable oil for which silver nitrate inpregnated silica
gel purification is necessary
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Annex C
(informative)

Procedure for rapid method

General

This
crud

C.2

C.2.1

modification generally can be used for the analysis of refined and virgin oils. For som
b 0il, this rapid method may not be satisfactory due to the lack of retention of triglycer

Reagents

Silica Gel 60%), extra pure for column chromatography with particle size betweg

200

m (70 mesh to 230 mesh).

Usuallly, silica gel can be used directly from the container withoutiany treatment. However, s
of silica show low activity resulting in poor chromatographie-separations. Under these cir

the s
desid
of waé

C.2.2

lica gel should be activated by heating for at least 4 h at;500 °C. After heating, place the
cator to cool down to room temperature and then transfer the silica gel to a stoppered fl
ter and shake until no lumps can be seen and the péwder flows freely and keep for 12 h

n-Hexane, trace organic analysis gradey purity 99 % minimum, residue after

maximum 2 mg/kg.

NOTH
the r¢

C.2.3

C.2.4

As a
25 m
with

C.2.5

C.2.4

Hexane purity may be checked bygoncentrating 100 ml of n-hexane in a rotary evaporat]
bsidue in 0,5 ml of n-heptane or n-hexane and gas chromatography analysis.

Internal standard n-octadecane (C18), purity 99 % minimum.

n-Octadecane solution, mass concentration p = 0,16 mg/ml.

1 with n-hexane (€.2.2), and then proceed with a second dilution of this mixture of 5
n-hexane. This'solution can be kept in the fridge for one month.

Carrier gas for gas chromatography, helium or hydrogen.

Auxiliary gases for flame ionization detector, hydrogen, air, nitrogen suitd

e samples of
des.

n 60 um to

bme batches
cumstances,
bilica gel in a
hsk. Add 2 %
before use.

evaporation

or, dissolving

h example, weighto/the nearest mg, approximately 40 mg of n-octadecane (C.2.3) and dilute to

ml - 50 ml

ble for gas

chromatography:.

C3

Apparatus

Usual laboratory apparatus and, in particular, the following.

The glassware used for the determination shall be thoroughly cleaned and rinsed with n-hexane (C.2.2)
before use so that it is free from impurities.

5) Silica gel is available from Merck, reference 7754 or 7734. This reference is an example of a suitable product
which is available commercially. This information is given for the convenience of users of this International Standard
and does not constitute an endorsement by ISO of this product.
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C3.1

C3.2

C3.3

C34

C.3.5

:2015(E)

Precision pipette, 0,5 ml and 1 ml.
Volumetric flask, 5 ml.
Glass sample vials, 10 ml capacity.

Muffle furnace, suitable for temperatures up to 400 °C.

Empty the glass column for solid phase extraction (SPE)®), with glass fibre frits, 6 ml volume.

C.3.6 Gas
or equivalen

chromatograph, suitable for use with capillary column, equipped with an on-column inj
t device, a temperature-programmable oven and a flame ionization detector (FID):

C.3.7 Datq acquisition system, with the possibility of manual integration.

C.3.8 Dea
5mlong, 0,5

C.3.9 Cap
which the f
phase, lengt

C.3.10 Micy

C.3.11 Ana

ctivated silica gel capillary pre-column, connected to the GC column, with no stationary p|
3 mm internal diameter, capable of being programmed up to 400 °C (¢high temperature” t)

llary column, capable of being programmed up to 400 °G/(“ligh temperature” typs
llowing characteristics are advised: 95 % dimethyl/5 %{diphenyl polysiloxane statid
h 15 m or 10 m, internal diameter 0,32 mm or 0,25 mm, film thickness 0,1 um.

rosyringe, 100 pl capacity, suitable for on-column ifijection in gas chromatography.

lytical balance, readability to 0,001 g.

C.3.12 Pasteur pipette, in glass.

Plastic Past{

C.4 Proc

C4.1 Into

bur pipettes should be avoided. Poelyethylene film should also be avoided.

pdure

a beaker, weigh approximately 2 g of silica gel (C.2.1) and transfer the silica gel into the e

glass columnp (C.3.1).

C.4.2 Rins

C.4.3 Elut
silica gel beg

e the silica gel'with another 2 ml to 3 ml of n-hexane (C.2.2).

e the solvent until the level of the solvent in the column is less than 0,5 cm higher tha
1.

ector

hase,
pe).

) for
nary

mpty

n the

C.4.4 Weigh to the nearest 1 mg, approximately 2,5 g of the sample into a 5 ml volumetric flask (C.3.3)
and add 1 ml of the 0,16 mg/ml internal standard solution (C.2.4) with a precision pipette (C.3.2) and
make up to the mark with n-hexane (C.2.2).

C4.5 Transfer 500 pl of the solution (C.4.4) with a precision pipette (C.3.2) on top of the silica gel, in the
SPE column (C.4.1).

6) Empty glass columns for solid phase extraction are available from Chromabond - Macherey-Nagel, ref 730172.
This reference is an example of suitable products which are available commercially. This information is given for
the convenience of users of this International Standard and does not constitute an endorsement by ISO of these
products.
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C.4.6 Elute the solvent and rinse the SPE column with 4 x 500 pl of n-hexane (C.2.2) with a precision
pipette (C.3.2) without allowing the silica gel to become dry.

C.4.7 Elute the mineral oil fraction with 3,5 ml of n-hexane (C.2.2) in the 10 ml tube (C.3.4).

C.4.8 Analyse the mineral fraction by gas chromatography without any evaporation of the solvent. The
chromatographic analysis conditions are to be chosen taking into account the characteristics of the column
being used and the type of carrier gas. However, the temperature program of the GC oven must be rapid in
order to observe the “hump” formed by the heavy mineral oil elution (see Figure C1 and Figure C2).

rerrrrpre-ororrrorr

An e amnla af analucic canditiancic dacerihad haolavs:
YSES-COREHTO RIS GeSEHBe e BereWs

Largp volume injection program:

Column temperature:

Dete:torten1perature:

Carrler gas pressure (hydrogen):

Volue injected:

7

s waiting after the introduction of the needl

injection, speed injection at 5 pl/s, 7 s waiting b
out the needle of the injector

65 °C for 7 min, 65 °C up to 350 °Cjprogrammed 3
350 °C up to 370 °C programmed at 5 °C/min, fit
ture hold for 10 min

380 °C

50 KPa

45 pl of the mineral fraction (C.4.7)

b before the
efore taking

t 25 °C/min,
1al tempera-

To calculate the contentofhydrocarbons of mineral origin, follow the standardized method alreadly described.

800

700

600

500

400

300

200

Wl

C18

Ll

D 2 4 6 8 10 12 14 16 18 20 22 24
Minutes
NOTH The hydrocarbons of natural origin were determined by manually tracing the valley-to-valley baseline
over the UCM profile.

Figure C.1 — GC chromatogram of the aliphatic hydrocarbons fraction of a spiked refined
sunflower oil (150 mg/kg)
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800
700
C18
600
500

400

300 J [
200 . i | | \

100

0 2 4 6 8 10 12 14 16 18 20 22 R4
Minutes

NOTE The baseline was traced from 10 min to 18 min to calculate the total hydrocarbon content.

Figure (.2 — GC chromatogram of the aliphatic hydrocarbons fraction of a spiked refineld
sunflower oil (150 mg/kg)

22 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=06d8a8346f4482c40227b3e11604dc91

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Principle
	5	Reagents
	6	Apparatus
	7	Sampling
	8	Preparation of the test sample
	9	Procedure
	9.1	Chromatography column preparation
	9.1.1	Preparation of AgNO3 impregnated silica gel
	9.1.2	Column packing
	9.2	Elution of the hydrocarbon fraction
	9.3	Gas chromatography
	9.3.1	Gas chromatography setup
	9.3.2	Working conditions for gas chromatography analysis
	9.3.3	Peak identification
	9.3.4	Performance of the gas chromatography system
	9.4	Procedural blank
	9.5	Quantitative determination
	10	Determination of hydrocarbons attributed to mineral origin
	11	Precision
	11.1	Interlaboratory test
	11.2	Repeatability
	11.3	Reproducibility
	12	Test report
	Annex A (informative)  Examples of chromatograms
	Annex B (informative)  Validation of silver nitrate impregnated silica gel purification
	Annex C (informative)  Procedure for rapid method
	Annex D (informative)  Fat extraction from food sample
	Annex E (informative)  Results of interlaboratory trials
	Bibliography

