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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
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Technical Specification

ISO/TS 16465:2024(en)

Animal and vegetable fats and oils — Determination of
phthalates in vegetable oils

1 Scope

This docprentspeeifies-two-methedsfor-the-guantitative-determinationof phthalatesin-egetable oils by

gas chromatography-mass spectrometry (GC-MS):

— Part|A for the determination of di-2-ethylhexyl phthalate (DEHP).

— Part|B for the determination of eight phthalates: dimethyl phthalate (DMP), diethy! phthalate (DEP),
di-ispbutyl phthalate (DIBP), dibutyl phthalate (DBP), benzylbutyl phthalate. (BBP), di-2-ethylhexyl

phth

Both me

alate (DEHP), di-isononyl phthalate (DINP), di-isodecyl phthalate (DIDP)

hods are applicable for all vegetable oils, including crude, refined andwirgin.

2 Normative references

The follo|

wing documents are referred to in the text in such a waythat some or all of their content co

requirenmients of this document. For dated references, only the édition cited applies. For undated re

the lates

ISO 661,

3 Ter
For the p
[SO and |
— ISO

— IECE

4 Par

4.1 Pr

Phthalat

I edition of the referenced document (including any amendments) applies.

Unimal and vegetable fats and oils — Preparation.of test sample

ms and definitions
urposes of this document, the following terms and definitions apply.
EC maintain terminology databases for use in standardization at the following addresses:

Dnline browsing platform;-available at https://www.iso.org/obp

lectropedia: available athttps://www.electropedia.org/

t A - Determination of DEHP

inciple

bs are first extracted from oil with acetonitrile followed by dispersive-solid-phase ej

clean-up

(dispersive SPE), which is done to remove organic acids, excess water and other compone

nstitutes
ferences,

ktraction
hts using

a combi

concentrated and analysed by gas chromatography-mass spectrometry (GC-MS).

4.2 Reagents

atiom of primmary secondary amtine {PSAjsorbent and €18 bomded phase: Fimally, theextract is

WARNING — Attention is drawn to national regulations that specify the handling of hazardous
substances, and users' obligations thereunder. Technical, organizational and personal safety
measures shall be followed.

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

4.2.1 Toluene, purity 99 % min.

© IS0 2024 - All rights reserved
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4.2.2 Acetonitrile, trace organic analysis grade, purity 99 % min.

4.2.3 n-Hexane, trace organic analysis grade, purity 99 % min.

4.2.4 Chromabond adsorbent Diamino (PSA), Chromabond adsorbent C18%).

NOTE

These powders can be sources of contamination. To remove the contaminants, the powders can b

using Soxhlet extraction by extracting twice with 200 ml of n-hexane during a six-hour period.

4.2.5 n-Dodecane, purity 99 % min.

4.2.6 S

Table 1 g

4.2.6.1

As an ex
and diluf
with toly

4.2.6.2

As an ex
dilute to

— 20
— 200
— 2ml

Then pr¢
with toly

e purified

tandards

rovides the CAS number of phtalates.

Table 1 — CAS number of phthalates

Phthalates Synonym CAS Registry Number®2)
di-2-ethylhexyl phthalate DEHP 11%7-81-7
deuterated di-2-ethylhexyl phthalate DEHP-d4 93951-87-2

Solution of DEHP-d4 internal standard, mass concentration'p = 50 pg/ml.

hmple, in a volumetric flask of 100 ml, weigh to the nearest mg, approximately 50 mg of

ene.

DEHP calibration solutions

hmple, in a volumetric flask of 100 ml, weigh to the nearest mg, approximately 50 mg of D
100 ml of toluene (SM= 500 pg/ml). Then prepare:

| of SM and dilute to 10 ml of acetanitrile: SF1 = 1 ug/ml
11l of SM and dilute to 10 ml of acetonitrile: SF2 = 10 pg/ml
of SM and dilute to 10 ml(ofiacetonitrile: SF3 = 100 pg/ml

bpare a calibration ramnge in acetonitrile following Table 2, using glass syringes washed
ene and five times with related solutions.

DEHP-d4

e to 100 ml of toluene and then proceed with a second.dilution of this mixture of 10 ml 4+ 100 ml

EHP and

10 times

1) Chromabond sorbent C18 ref 730611 and Chromabond sorbent Diamino (PSA) ref 730611 from Macherey Nagel
(www.mn-net.com) have proved to be free of phthalate contamination. This information is given for the convenience of

users of this document and does not constitute an endorsement by ISO of these products.

2) CAS Registry Number® is a trademark of the American Chemical Society (ACS). This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named. 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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Table 2 — Example of preparation for DEHP calibration

[Concentration] Volume (pl) [COII;?;I‘;FSZOU] SDOIEul:iI?I(Ii zf Volume of |
DEHP i : i} acetoni- ota
C C internal . volume
cal-ph SF1 SF2 SF3 SM cal-dph tandard trile to be 1
/ml standard | o404 (ury | (4D
pg/ml hg/m (ul) "
GO 0 - - - - 4 80 920 1000
G1 0,02 20 - 4 80 900 1000
G2 0,05 50 - 4 80 870 1000
G3 0,1 - 10 4 80 910 1000
G4 0,5 - 50 4 380 870 1000
G5 1 - - 10 4 80 910 1000
G6 2 - - 20 4 80 900 1000
G7 5 - - - 10 4 80 910 1000
G8 10 - - - 20 4 80 900 1000

Depending on the apparatus used, it is not possible to be linear from GO to G8. Id this case, it is necgssary to
increase|the volume of acetonitrile of recovery in order to be linear over the-greatest possible rarjge while
being able to see the level G1.

4.3 Apparatus

Glassware used for the determination shall be thoroughly cleahed at 550 °C during 6 h, such ag Pasteur
pipette, Yial, conical glass sample vial, 10 ml and 15 ml capacity;

4.3.1 (onical glass sample vials, 10 ml capacity.
4.3.2 (onical glass sample vials, 15 ml capacity:
4.3.3 (lass syringe, 10 pl, 20 pl, 50 pl, 100, 250 pl and 500 pl capacity.

4.3.4 Automatic evaporator, for 10 ml tube (optional), recommended operating conditions: temjperature
of the wdter bath = 40 °C, nitrogen pressure = 5 psi.

4.3.5 (onical glass sample-vials, 2 ml capacity.

4.3.6 (as chromatograph, suitable for use with capillary column, equipped with an injector splittsplitless
or equivalent device,@temperature-programmable oven and mass detector with electron ionizatign source
(ionizatipn energy 6f70 eV) and SIM (single ion monitoring) mode.

4.3.7 Dpata aequisition system, with the possibility of manual integration.

4.3.8 C(Capillary column, capable of being programmed up to 400 °C ("high temperature  type) for which
the following characteristics are advised: 95 % dimethyl/5 % diphenyl polysiloxane stationary phase,
length of 15 m, internal diameter of 0,25 mm, film thickness of 0,1 um or length of 30 m, internal diameter of
0,25 mm, 0,25 pum film thickness.

4.3.9 Microsyringe, 5 pul to 10 ul capacity, suitable for split less injection in gas chromatography.
4.3.10 Analytical balance, reading accuracy 0,001 g.

4.3.11 Pasteur pipette, in glass.

© IS0 2024 - All rights reserved
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4.3.12 Centrifuge, capable of attaining at least 3 000 min-1, suitable for 10 ml tubes.

4.3.13 Pipettes, capable of pipetting volumes up to 10 ml.

4.4 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 document. A recommended sampling method is given in
1SO 5555.[11

Analyse

the lid s

seal) to

Due to tHe presence of phthalates in the environment, the analysis of these compounds réquires pre

through

— avoifl contact with plastic material,

— test

— abldnk sample should be analysed every four samples,
— glasg$ware that cannot be baked needs to be rinsed with a suitable solvent (acetone),

— avoifl contamination from the septum of the injection vials.

4.5 Preparation of the test sample

Prepare

4.6 Prpcedure

4.6.1

Weigh td the nearest mg, in a conical\glass sample vial of 10 ml, 1 g of oil and add 40 ul of DEHP-d4

at50 ug

Add 6 m] of acetonitrile andshake with a vortex for 1 min (or 5 min with an automatic vortex).
Centrifuge the conical glass for 2 min at 3 000 rpm.

Transfer|the upper \Jayer in a conical glass of 15 ml containing 400 mg of C18 (4.2.4) and 400 m

(4.2.4).

Shake with-awortex for 1 min.

lL)nly sample aliquots packaged in glass bottles with suitable lids (the sample contact mate
ould be, for example, polytetrafluoroethylene (PTFE), aluminium, rubber but not plastic
dvoid further contamination. Plastic packaging is not suitable.

¢ut the analysis:

the solvents/materials used for phthalates,

the test sample in accordance with ISO 661.

Phthalates extraction from oil

ml (4.2.6.1). Shake with a,vortex for 15 s.

rial from
nor soft

cautions

solution

g of PSA

Transfer the upper layer in a conical glass of 10 mlL.

Add 50 pl of n-dodecane.

Evaporate acetonitrile at 40 °C to reach 500 pl + 50 pl.

There remains a droplet of fat at the bottom of the tube from the dodecane.

Shake with a vortex for 15 s (or 2 min with an automatic vortex).

Centrifuge the conical glass for 2 min at 3 000 rpm.

Transfer the solvent layer avoiding the fat droplet in an injection vial and inject into GC-MS.

© IS0 2024 - All rights reserved
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In order to measure the level of contamination of the laboratory, prepare a blank sample. For blank sample,
add only 40 pl of DEHP-d4 internal standard solution (4.2.6.1) in a conical glass sample vial of 10 ml and
follow the same procedure as for classic sample. (Values of 0,05 mg/kg for DEHP should not be exceeded).

In order to avoid contamination from the septum of the vial (DMP), use a septum with polytetrafluoroethylene
(PTFE), otherwise a small piece of aluminium sheet between the cork and the vial can be used.

NOTE

Depending on the apparatus used, the concentration of the extract can be modified and adapted according
to the system.

4.6.2 Gas Chromatography

4.6.2.1 | Gas chromatography setup
Install the column (4.3.8) in the gas chromatograph (4.3.6) and check the working conditionshyinjelcting the
solvent, acetonitrile. The baseline should be straight with a small positive drift. If the drift)is high) proceed
to condiffion 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 pnalysis)
in 4 h, mpintain the temperature for 2 h.
4.6.2.2 | Working conditions for gas chromatography analysis
The working conditions as shown in Table 3 and Table 4 have provedio be adapted to the analysis.
These ccanditions can be adjusted in accordance with the characteristics of the gas chromatograph and the
mass deflector apparatus and the column.
Table 3 — GCconditions
Column DB5 HT (15 m - 0,25 mm™ 0,10 pm film thickness or 30 m - 0,25 mm - 0,23 pm film
thickness)
Injector Liner, tapered, deactivated liner with glass wool
Injection|port temperature |350 °C
Injection|temperature Splitless in pressure pulse (12 psi) for 1 min
program 1 minafter the injection, split at 150 ml/min
3 min after the injection, split at 20 ml/min
Injection|volume 1,0)ul
Oven tenjperature 50 °C for 1 min, ramp at 15 °C/min to 100 °C, ramp at 40 °C/min to 290 °C, rampat 60 °C/
min to 350 °C, hold for 2 min
Carrier gps Helium/hydrogen constant flow rate, 1,2 ml/min
Syringe dolvent cléan-up Acetonitrile
Table 4 — MS conditions
[on source temperature 300°C
Quadrupole temperature 150 °C
Transfer line temperature 325°C
Phthalates Quantifier ion Qualifier ion Qualifier ion Qualifier ion
Parameters for SIM mode DEHP 149 167 279 132
DEHP d4 153 171 283 136

Check that the volume of acetonitrile when injected at 350 °C is not greater than the volume of the liner.

© IS0 2024 - All rights reserved
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4.7 Quantitative determination

4.7.1 Calibration curve

The calibration curve of DEHP is of type y =a *x

App B

C
*

cal-ph

Agph

Ccal-dph

The calibration curve is determined as follows:

azf L et
Aph * Ceal-ph

where

a is the slope;

App is the peak area of DEHP in the calibration solution;

Agph is the peak area of the DEHP-d4 internal standard in the calibration solution;

Ceal-gpn  isthe concentration of the DEHP-d4 internal standard in theycalibration solution, in mig

per millilitres (see Table 2);

Ceal-h  isthe concentration of DEHP in the calibration solution, in micrograms per millilitres (seg
4.7.2 (Quantitative determination of DEHP

Coh :[Aph Vapn ~Capn J - Chlank

Agpnh *M*a

where

a is the slope;

Aph is the peak area of DEHP;

Adph is the peak ared of the DEHP-d4 internal standard;

Cdph is the concéntration of the DEHP-d4 internal standard solution, in micrograms per m

Vdph is the.wvolume of the DEHP-d4 internal standard solution, in millilitres;

Cph isithe concentration of DEHP, in milligrams per kilogram;

CiladkC~ “is the concentration of DEHP in the blank, in milligrams per kilogram (see 4.6.1);

M is the mass of the test portion, in grams.

rograms

Table 2).

llilitres;

If the volumes of the internal standard solution indicated in this method are respected, and if the same
solution of DEHP-d4 internal standard is used both for the calibration solutions and for the sample
preparation, the following simplified calculation formulae can be used for the determination of the
calibration curve and the quantification of phthalate:

© IS0 2024 - All rights reserved
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4.7.2.1 Calibration curve

The calibration curve for DEHP is of typey =a * x

Aph

Agpn

40

—a*m. . *—
cal-ph 80

The calibration curve is determined as follows:

Ay *2
g=— B0
Adph mcal-ph

where

a is the slope from the calibration, using the same DEHP-d4 internal standard selutio

samples and for the calibration;

Aph is the peak area of DEHP in the calibration solution;

Adph is the peak area of the DEHP-d4 internal standard in the calibration Solution;

Meapn s the mass of DEHP in the solution calibration, in microgranis:
NOTE The coefficient of 2 is added in the formula to consider the ratio of the amount of internal standarg
the calibrjation solutions and the samples (80 pl of the internal standard Setution for the calibration and 4
internal standard solution for the samples).
4.7.2.2 | Quantitative determination of DEHP

A
Cph T A zl;\/l * - Cblank
dph a

where

Con is the concentration of DEHP, in milligrams per kilogram;

a is the slope from thesealibration, using the same DEHP-d4 internal standard solutig

samples and for the-calibration;

App is the peak area’of the DEHP;

Agph is the peak-area of the DEHP-d4 internal standard;

M is thesmass of the test portion, in grams;

Chladk 1s the concentration of DEHP in the blank, in milligrams per kilogram (see 4.6.1).
4.8 Precisionofthe method

n for the

| between
ul of the

n for the

4.8.1 Interlaboratory test

Details of the test and the precision of the method are summarized in Annex A. The values derived from this
interlaboratory test will possibly not be applicable to concentration ranges and matrices other than those

given.

© IS0 2024 - All rights reserved
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4.8.2 Repeatability

The absolute difference between two independent single test results, obtained with the same method on
identical test material in the same laboratory by the same operator using the same equipment within a short
interval of time, shall in not more than 5 % of cases exceed the value of r given in Table A.1.

4.8.3 Reproducibility

The absolute difference between two single test results, obtained with the same method on identical test
material in different laboratories by different operators using different equipment, shall in not more than
5 % of cases exceed the value of R given in Table A.1.

4.9 Testreport

The test feport shall contain at least the following information:

a) allinformation necessary for the complete identification of the sample;

b) the Jampling method used, if known;

c) the test method used, with reference to this document, i.e. ISO/TS 16465:202%;

d) all operating details not specified in this document, or regarded as optional, together with detajils of any
incidents occurred when performing the method, which can have influenced the test result(s);

e) the test result obtained;

f) if the repeatability has been checked, the final quoted resultobtained.

5 PartB - Determination of eight phthalates

5.1 Prjinciple

Phthalatps are first extracted from oil with~acetonitrile followed by dispersive-solid-phase extraction
clean-up| (dispersive SPE) which is donete remove organic acids, excess water and other components
using a Jombination of primary secondary amine (PSA) sorbent and C18 bonded phase. Finally, the extract
is concentrated and analysed by gas\chromatography-mass spectrometry (GC-MS). For refined oil, the
acetonitfile extract is directly concentrated without using the dispersive-SPE purification step.

5.2 Redagents

WARNING — Attention-is drawn to national regulations that specify the handling of hazardous
substanfes, and users' obligations thereunder. Technical, organizational and personal safety
measures shall be followed.

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

5.2.1 Tu}ucuc, put l‘l:_y 99 r}6 lllill.

5.2.2 Acetonitrile, trace organic analysis grade, purity 99 % min.
5.2.3 n-Hexane, trace organic analysis grade, purity 99 % min.

5.2.4 Chromabond adsorbent Diamino (PSA), Chromabond adsorbent C183).

3) Chromabond sorbent C18 ref 730611 and Chromabond sorbent Diamino ref 730611 from Macherey Nagel
(www.mn-net.com) have proved to be free of phthalate contamination. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of these products.

© IS0 2024 - All rights reserved
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NOTE These powders can be sources of contamination. To get rid of them, you can purify the powders with a
Soxhlet extraction with two times 200 ml of n-hexane during 6 h.

5.2.5 Absolute ethanol.

5.2.6 Demineralized water.

5.2.7 Standards

The CAS numbers of the phthalate and deuterated phthalate standards are shown in Tables 5 and 6,

respectively.

Table 5 — CAS number of phthalates

Phthalates Synonym C?\Isul:l‘;;;:gy

dimethyl phthalate DMP 131-11-3
diethyl phthalate DEP 84-66-2
Diisobutyl phthalate DiBP 84-69-5
dibutyl phthalate DBP 84742
benzylbutyl phthalate BBP 85-68-7
di-2-ethylhexyl phthalate DEHP 117-81-7

di-isononyl phthalate DINP 28553-12-0

di-isodecyl phthalate DIDP 26761-40-0

Table 6 — CAS number of déuterated phthalates

CAS Registry
Phthalates Synonym N(;:::’;g?:‘:
phthalates
deuterated dimethyl phthalate DMP-d4 93951-89-4
deuterated diethyl phthalate DEP-d4 93952-12-6
deuterated diisobutyl.phthalate DiBP-d4 358730-88-8
deuterated dibutyl phthalate DBP-d4 93952-11-5
deuterated benzylbutyl phthalate BBP-d4 93951-88-3
deuterated di*2=ethylhexyl phthalate DEHP-d4 93951-87-2
deuteratéd di-isononyl phthalate DINP-d4 1332965-90-8
deuterated di-isodecyl phthalate DIDP-d4 1346604-79-2

5.2.7.1 |Solution of deuterated phthalates internal standards, mass concentration p = 50 pgf/ml

As an example, in a volumetric flask of 100 ml, weigh to the nearest mg, approximately 50 mg of each

deuterated phthalate and dilute to 100 ml of toluene and then proceed with a second dilution of this mixture
of 10 ml — 100 ml with toluene.

5.2.7.2 Phthalates calibration solutions

5.2.7.2.1 Light phthalates (DMP, DEP, DIBP, DBP, BBP, DEHP)

As an example, in a volumetric flask of 100 ml, weigh to the nearest mg, approximately 50 mg of each light
phthalate and dilute to 100 ml of toluene (SMLP= 500 pg/ml). Then prepare:

— 20 pl of SMLP and dilute to 10 ml of acetonitrile: SFLP1=1 pg/ml

© IS0 2024 - All rights reserved
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— 200 pl of SMLP and dilute to 10 ml of acetonitrile: SFLP2= 10 pg/ml

— 2ml

5.2.7.2.2

of SMLP and dilute to 10 ml of acetonitrile: SFLP3= 100 pug/ml

Heavy phthalates (DINP, DIDP)

As an example, in a volumetric flask of 100 ml, weigh to the nearest mg, approximately 50 mg of each heavy
phthalate and dilute to 100 ml of toluene (SMHP= 500 pg/ml). Then prepare:

— 200 pl of SMHP and dilute to 10 ml of acetonitrile: SFHP1= 10 pg/ml

— 2 ml of SMHP and dilute to 10 ml of acetonitrile: SFHP2= 100 pg/ml
Then pr¢pare a calibration range in acetonitrile following Table 7, using glass syringes washed:[10 times
with tolyene and five times with related solutions.
Table 7 — Example of preparation for light and heavy phthalates
Light phthalates Heavy phthalates [Concen- Solution
tration] of deu- Vol £
[Corfcentra- Volume (u1) [Concentration] Deuterated”) terated | ' ..m€p
tion)] Light Heavy Phthalates phtha- acetonip Total
phthalates phthalates lates trile tg | volume
Cealdbh | i beaddel | (ul)
C SFLP1| SFLP2 | SFLP3 | SMLP C SFHP1 | SFHP2 | SMHP cal~dp internal (ul)
al-ph cal-ph pg/ml standards H
pg/ml ng/ml (n1)
GO 0 . . . . 0 4 80 920 1000
G1 ,02 20 . . . 01 10 4 80 890 1000
G2 ,05 50 . . 0,2 20 4 80 850 1000
G3 0,1 . 10 . . 0,5 50 4 80 860 1000
G4 0,5 . 50 . . 1 : 10 4 80 860 1000
G5 1 . . 10 . 2 3 20 4 80 890 1000
G6 2 . . 20 . 5 . 50 4 80 850 1000
G7 5 . . . 10 15 . . 30 4 80 880 1000
G8 10 . . . 20 30 . . 60 4 80 840 1000
Depending on the apparatus used, it is not'possible to be linear from GO to G8. In this case, it is necgssary to
increase|the volume of acetonitrile of recevery in order to be linear over the greatest possible rarjge while
being able to see the level G1.
5.2.8 (hloroperbenzoic acid (€EPBA), purity < 77 %.
5.2.9 (PBA solution, p’=,0,2 g/ml in ethanol.
As an example, in a yolumetric flask of 25 ml, 5 g of CPBA and dilute to 25 ml of absolute ethanol.
Prepare fhe solution freshly every day as CPBA solution in ethanol is not stable.
5.2.10 Sodium carbonate solution, p = 0,1 g/ml in water.

As an example, in a volumetric flask of 100 ml, 10 g of sodium carbonate and dilute to 100 ml of water.

5.3 Apparatus

Glassware used for the determination shall be thoroughly cleaned at 550 °C during 6 h, such as Pasteur
pipette, vial, conical glass sample vial, 10 ml and 15 ml capacity.

5.3.1 Conical glass sample vials, 10 ml capacity.

5.3.2 Conical glass sample vials, 15 ml capacity.
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5.3.3 Glass syringe, 10 pl, 20 pl, 100 pl, 250 pl, 500 pl capacity.

5.3.4 Automatic evaporator, for 10 ml tube (optional), recommended operating conditions: temperature

of water bath = 40 °C, nitrogen pressure = 5 psi.
5.3.5 Conical glass sample vials, 2 ml capacity.

5.3.6 Insertvial, 100 pl capacity.

5.3.7 Gas chromatograph sultable for use with caplllary column equlpped W1th an 1n]ector spht

5.3.10 Microsyringe, 5 pul to 10 pl capacity, suitable for split less injection in gas chromatography.
5.3.11 Analytical balance, reading accuracy 0,001 g.

5.3.12 Rasteur pipette, in glass.

5.3.13 d(entrifuge, capable of attaining at least 3 000.min-1, suitable for 10 ml tubes.

5.3.14 Ripettes, capable of pipetting volumes upjto 10 ml.

5.4 Sampling

A repredentative sample should have been sent to the laboratory. It should not have been dan
changed|during transport or storage.

Sampling is not part of the method specified in this document. A recommended sampling method if
SO 5554.11

Analyse pnly sample aliguots packaged in glass bottles with suitable lids (the sample contact mate
the lid slould be, for'€xample, polytetrafluoroethylene (PTFE), aluminium, rubber but not plastic
seal) to dvoid further contamination. Plastic packaging is not suitable.

Due to the presence of phthalates in the environment, the analysis of these compounds requires pre

splitless
n source

y phase,

igmeter of

haged or

given in

rial from
nor soft

cautions

throughgutthe analysis:

— avoid contact with plastic material,

— test the solvents used for phthalates,

— ablank sample should be analysed before analysing samples,

— glassware that cannot be baked needs to be rinsed with a suitable solvent (acetone),

— avoid contamination from the septum of the injection vials.
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5.5 Preparation of the test sample

Prepare the test sample in accordance with ISO 661.

5.6 Procedure

5.6.1 Phthalates extraction from oil

5.6.1.1

Refined oil

Weigh to the nearest mg, in a conical glass sample vial of 10 ml, 1 g of oil and add 40 ul of deuterated

phthalat

At the fiq
vortex).

Centrifu
Transfer

At the se

shake with a vortex for 1 min (or 5 min with an automatic vortex).

Centrifu

Transfer
two extr

Evaporat
Shake w
Centrifu
Transfer

In order
add only|
10 mlan
0,25 mg

Inordert
(PTFE),

NOTE
to the sys

5.6.1.2

5S solution at 5U [Ig/ml (5.2.7.1). Shake With a vortex for 15 s.

be the conical glass for 2 min at 3 000 rpm.
the upper layer in a conical glass sample vial of 15 ml.

cond extraction, add a second time, 6 ml of acetonitrile in the coni¢al'glass containing th

be the conical glass for 2 min at 3 000 rpm.

the upper layer in the conical glass sample vial of 15 mlkoontaining the first extraction (g
hcts).

e acetonitrile at 40 °C to reach 500 pl £ 50 pl.

th a vortex for 15 s (or 2 min with an automatig vortex).

the solvent layer avoiding the fat dreplet in an injection vial and inject into GC-MS.

to measure the level of contamihation of the laboratory, prepare a blank sample. For blan]
40 pl of deuterated phthalates internal standards solution (5.2.7.1) in a conical glass samy
 follow the same procedureas for classic sample. (Values of 0,05 mg/kg for the light phtha
kg for the heavy Phthalates should not be exceeded).

o avoid contaminationfrom the septum of the vial (DMP), use a septum with polytetrafluorg
ptherwise a small piece of aluminium sheet between the cork and the vial can be used.

Depending gn-the apparatus used, the concentration of the extract can be modified and adapted
tem.

Crudeor virgin oil

be the conical glass for 2 min at 3 000 rpm-if'there is a fat droplet on the bottom of the tubs.

st extraction, add 6 ml of acetonitrile and shake with a vortex for 1 min (or 5 min with'an automatic

e oil and

hther the

x sample,
le vial of
lates and

ethylene

hccording

uterated

Weigh td

the nearest mg, in a2 conical g]ncc cnmp]n vial of 10 m]’ 1 g of oil and add 40 Ll] of dd

phthalates solution at 50 ug/ml (5.2.7.1). Shake with a vortex for 15 s.

At the first extraction, add 6 ml of acetonitrile and shake with a vortex for 1 min (or 5 min with an automatic

vortex).

Centrifuge the conical glass for 2 min at 3 000 rpm.

Transfer the upper layer in a conical glass of 15 ml containing 400 mg of C18 (5.2.4) and 400 mg of PSA

(5.2.4).

At the second extraction, add a second time, 6 ml of acetonitrile in the conical glass containing the oil and
shake with a vortex for 1 min (or 5 min with an automatic vortex).
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Centrifuge the conical glass for 2 min at 3 000 rpm.

Transfer the upper layer in the conical glass of 15 ml containing C18 and PSA and the first extraction (gather
the two extracts).

Shake with a vortex for 1 min (or 5 min with an automatic vortex).

Centrifuge the conical glass for 2 min at 3 000 rpm.

Transfer

the upper layer in a conical glass of 15 ml.

Evaporate acetonitrile at 40 °C to reach 500 pl + 50 pl.

Shake w

Centrifuge the conical glass for 2 min at 3 000 rpm if there is a fat droplet on the bottom of thé tubsg.

Transfer

5.6.1.3

Sometimes, we can observe interferences (e.g. squalene in olive oil) that prevents the identifi

the heay
and 5.6.1
completg

Evaporat
Add 600
Add 500
Add imn{
Centrifu
Recover
Remove
Add 300
Transfer
Inject in

NOTE
to the sys

The imp3
where a)

thvortexIor 15 s (or 2 min with an automatic vortex).

the solvent layer avoiding the fat droplet in an injection vial and inject into GC-MS.

Clean-up for heavy phthalates with epoxidation (optional)

y phthalates with certainty. In this case, it is possible to clean up the extract obtained
.2 with an epoxidation step. During this step, the light phthalates-may be lost because o
evaporations. This preparation is therefore only valid for the quantification of DINP and I

e completely the extract obtained in 5.6.1.1 or 5.6.1.2.

ul of n-hexane and vortex 15 s.

ediately to stop the reaction 3 ml of sodium,carbonate solution (5.2.10), shake for 2 min.
be at 2 500 rpm for 2 min.

Lhe n-hexane phase in a conical evaporation tube.

h-hexane under a nitrogen flow at40 °C.

ul of acetonitrile and vortex:

200 pl of supernatantacetonitrile to an injection vial, avoiding any residues in the lower p
GC-MS.

Depending én-the apparatus used, the concentration of the extract can be modified and adapted
tem.

ict of epoxidation on the retention time of DINP can be seen in the chromatograms shown in
is before epoxidation and b) after epoxidation.

ration of
n 5.6.1.1
F the two
IDP.

ul of CPBA solution (5.2.9) and shake for 15 min-atfoom temperature with an automatic vortex.

hase.

hccording

Figure 1
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a) DINP chromatogram before epoxidation

/\

=0,2\

Key

\Z
875> 88 8385 89 895 9 905 91 915 92 925 93 935 94 945 A

b) DINP chromatogram after epoxidation

X acquisition time (min)
Y counts forion 293,0

NOTE

The signal from 8,75 min to 9,25 min corresponds to DINP.

Figure 1 — Impact of epoxidation on the retention time of DINP in olive oil
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The impact of epoxidation on the retention time of DIDP can be seen in the chromatograms shown in Figure 2
where a) is before epoxidation and b) after epoxidation.

Y

x103 ]

8,5 1

S O = NN W W S U1 O
L

'
- S
53}

L L

875 88 885 89 895 9 9,05 91 915 92 925 93 935 94 945 95 955 9,6 9,65 X

a) DIDP chromatogram before epoxidation

X

=N

=
w

A\

[T v

e I \ RN SCRNR SU R S S, B ) W e S < S B )
5 5
A A

Ma

o o
ol
S

-0,5 -

875 88 885 89 895 9 905 91 915 92 925 93 935 94 945 95 955 9,6 9,65 X

b) DIDP chromatogram after epoxidation
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isition time (min)
ts for ion 307,0

The signal from 8,85 min to 9,40 min corresponds to DIDP.

Figure 2 — Impact of epoxidation on the retention time of DIDP in olive oil

5.6.2 Gas chromatography

5.6.2.1

Install th
solvent,
to condit

If the co

oven using a temperature gradient up to 370 °C (depending on the oven temperature chosen for the

in4h m

5.6.2.2

The working conditions as shown in Table 8 and Table 9 have provedto be adapted to the analysis.

These co|

and the ¢olumn.

Gas chromatography setup

e column (5.3.9) in the gas chromatograph (5.3.7) and check the working conditionsbyinje
hcetonitrile. The baseline should be straight with a small positive drift. If the drift,is high
ion the column, for a negative drift check the connections of the column.

umn is used for the first time, it is necessary to condition the column by heating it in th

hintain the temperature for 2 h.

Working conditions for gas chromatography analysis

hditions can be adjusted in accordance with the characteristics of the gas chromatograph a

Table 8 — GC:conditions

cting the
proceed

b column
analysis)

pparatus

Column DB5 HT (15 m - 0,25.1hm - 0,10 um film thickness or 30 m - 0,25 mm - 0,2} um film
thickness)

Injector Liner, tapered,'deactivated liner with glass wool

Injection|port temperature 350°C

Injection|temperature Splitless‘in pressure pulse (12 psi) for 1 min

program 1 mimafter the injection, splitat 150 ml/min
3'min after the injection, splitat 20 ml/min

Injection|volume 1,0 ul

Oven tenjperature 50 °C for 1 min, ramp at 15 °C/min to 100 °C, ramp at 40 °C/min to 290 °(, ramp at
60 °C/min to 350 °C, hold for 2 min

Carrier gps Helium constant flow rate, 1,2 ml/min

Syringe dolvent cl€éan-up Acetonitrile
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Table 9 — MS conditions

[on source temperature 300°C
Quadrupole temperature 150 °C
Transfer line temperature 325°C
Phthalates Quantifier ion Qualifier ion Qualifier ion Qualifier ion
DMP 163 194 133 135
DMP d4 167 137 198 139
DEP 149 177 222
DEP d4 153 181 226
DIBP 149 167 223 205
DIBP d4 153 171 227 209
DBP 149 205 223
Parametgrs for SIM mode DBP d4 153 209 227
BBP 149 132 206 238
BBP d4 153 136 210 242
DEHP 149 167 279 132
DEHP d4 153 171 283 136
DINP 293
DINP d4 297 153
DIDP 307
DIDP d4 311 153
Check thpt the volume of acetonitrile when injected at 350-2€ is not greater than the volume of the liner.
NOTE The MS conditions and the parameters for SIM mode can be adjusted according to the characteristics of the
MS.
5.7 Quantitative determination
5.7.1 (alibration curve
The caliljration curve of each phthalate is of typey =a * x
Aph —q* Ccal-ph
AdpH Ccal-dph
The calibration curvé is-determined as follows:
a_éph * Ccal-dph
Adph Y Ccal-ph
where
a is the slope;
Apy is the peak area of the phthalate in the calibration solution;
Agph is the peak area of the deuterated phthalate internal standard in the calibration solution;
Ceal-dph is the concentration of deuterated phthalate internal standard in the calibration solution, in

micrograms per millilitres (Table 7);
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h is the concentration of phthalate in the calibration solution, in micrograms per m
(Table 7).

5.7.2 Quantitative determination of phthalate

Aph *Vaph * Caph
Adph *M*a

b Cblank

is the slope;

Aph
Agpn

Cdph

Vdph
Cph
Cblar
M

If the vo

solution [of deuterated phthalates internal standards is used both for the calibration solutions an|
reparation, the following simplified calculation formulae can be used for the determinatipn of the
calibratipn curve and the quantification of phthalates:

sample g

5.7.2.1
The calil

Aph)

Agph
The calih

is the peak area of phthalate;

is the peak area of the internal standard;

millilitres;
is the volume of the deuterated phthalate internal standard solution, in millilitres;
is the concentration of phthalate, in milligrams per kilograni;
x  isthe concentration of phthalate in the blank, in milligtams per kilogram (see 5.6.1.1

is the mass of the test portion, in grams.

umes of the internal standards solution indicated in"this method are respected, and if

Calibration curve

ration curve of each phthalate isoftypey =a *x

40

_:a*m R [
cal-ph 80

ration curve is determined as follows:
Aph *2

ph * mcal-ph

is the slope from the calibration, using the same deuterated phthalate internal standarg

Aph

Agph

Meal-
NOTE

internal s

for the samples and for the calibration;
is the peak area of the phthalate in the calibration solution;
is the peak area of the internal standard deuterated phthalate in the calibration solut

ph [ is the mass of phthalate in the solution calibration, in micrograms.

illilitres

is the concentration of the deuterated phthalate internal standard solutien, in microgfams per

he same

d for the

solution

ion;

The coefficient of 2 is added in the formula to consider the ratio of the amount of internal standard between
the calibration solutions and the samples (80 pl of the internal standard solution for the calibration and 40 pl of the

tandard solution for the samples).
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Quantitative determination of phthalate

Aph
Co=l—P  |.c
ph [Adph *M*a] blank

where

Con

a

is the concentration of phthalate, in milligrams per kilogram;

is the slope from the calibration, using the same deuterated phthalate internal standard solution

for the samples and for the calibration;

Agn

Agpn
M

Cblar

5.8 Pr

5.8.1 J:lterlaboratory test

Details
interlabd
given.

5.8.2 Repeatability

The absq
identical
interval

5.8.3 Reproducibility

The absd
material
5 % of cg

5.9 Te
The test

a) alliy

is the peak area of the phthalate;
is the peak area of the deuterated phthalate internal standard;

is the mass of the test portion, in grams;

x  isthe concentration of the phthalate in the blank, in milligrams per kilogram (see 5.6,

ecision of the method

the test and the precision of the method are summarized\in Annex B. The values derived
ratory test will possibly not be applicable to concentration ranges and matrices other th

lute difference between two independent single test results, obtained with the same m
test material in the same laboratory by the same operator using the same equipment withi
bf time, shall in not more than 5 % of cases exceed the value of r given in Tables B.1 to B.8.

in different laboratorieS by different operators using different equipment, shall in not m
ses exceed the valueof R given in Tables B.1 to B.8.

st report
report shallcontain at least the following information:

formation necessary for the complete identification of the sample;

1.1).

'rom this
an those

cthod on
n a short

lute difference between tweo*single test results, obtained with the same method on idenfical test

ore than

b) thes

ampling method used, if known;

c) the test method used, with reference to this document, i.e. ISO/TS 16465:2024;

d) all operating details not specified in this document, or regarded as optional, together with details of any
incidents occurred when performing the method, which can have influenced the test result(s);

e) the testresult obtained;

f) if the repeatability has been checked, the final quoted result obtained.
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Annex A
(informative)

Results of an interlaboratory test — Part A - Determination of DEHP

An international collaborative test involving eight laboratories in seven countries was carried out on five oil
samples in 2019. The test was organized by ITERG and LESIEUR and the results obtained were subjected to
statistical analysis according to 1ISQ 5725-121 and 1SQ 5725-2[3] to give the precision data shown in Table A.1.

The five

samples were:

— Sample 1: Sunflower oil, refined

— Sample 2: Sunflower oil, refined, spi

ked

— Sample 3: Sunflower oil, refined, spiked

— Sample 4: Nut oil

— Sample 5: Olive oil, virgin

Table A.1 — Summary of statistical results of DEHP.6btained according to Part A

DEHP colntent - Part A Sanllple Sanzlple San;ple Salzlple Sa1151ple
Number pf participating laboratories, np 7 8 8 8 8
Number pf laboratories retained after eliminating outliers,np 7 8 8 8 7
Number pf test results in all labs (n) 14 16 16 16 14
Mean (m] mg/kg - 1,41 4,43 2,63 2,24
Repeatability standard deviation, s,, mg/kg - 0,11 0,21 0,10 0,06
Repeatabhility coefficient of variation, CV, r, % - 7,4 4,8 3,7 2,5
Repeatalility limit, r, (= 2,8 x 5,), mg/kg - 0,29 0,59 0,27 0,16
Reprodugibility standard deviation, §p, ) mg/kg - 0,34 1,01 0,62 0,61
Reprodugibility coefficient of variation, CV, R, % - 24,2 22,7 23,7 27,1
Reprodugibility limit, R, (= 2,8553), mg/kg - 0,96 2,81 1,75 1,70
- indicatgs value lower than ;D mg/kg
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