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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

Part 8: Phthalates in polymers by gas chromatography-mass spectrometry

1)

2)

3)

4)

5)

6)

7)

8)

9)

(GC-MS), gas chromatography-mass spectrometry using
a pyrolyzer/thermal desorption accessory (Py/TD-GC-MS)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62321-8 has been prepared by IEC technical committee 111:
Environmental standardization for electrical and electronic products and systems.

The text of this International Standard is based on the following documents:

CbhV Report on voting
111/416/CDV 111/430/RVC

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 62321 series, published under the general title: Determination of
certain substances in electrotechnical products, can be found on the I[EC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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INTRODUCTION

The widespread use of electrotechnical products has drawn increased attention to their impact
on the environment. In many countries all over the world this has resulted in the adaptation of
regulations affecting wastes, substances and energy use of electrotechnical products.

The use of certain substances (e.g. lead (Pb), cadmium (Cd), polybrominated diphenyl ethers
(PBDEs) and specific phthalates) in electrotechnical products is a source of concern in
current and proposed regional legislation.

The purpose of the IEC 62321 series is therefore to provide test methods that will allow the
electrotechnical industry to determine the levels of certain substances of concern in
electrotechnical products on a consistent global basis.

This first edition of IEC 62321-8 introduces a new part in the IEC 62321 series.

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with
its use. It is the responsibility of the user to establish appropriate safety and health practices
and to ensure compliance with any national regulatory conditions.

Urad pre normalizaciu, metroldgiu a skiiSobnictvo Slovenskej republiky
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DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

Part 8: Phthalates in polymers by gas chromatography-mass spectrometry
(GC-MS), gas chromatography-mass spectrometry using
a pyrolyzer/thermal desorption accessory (Py/TD-GC-MS)

1 Scope

This part of IEC 62321 specifies two normative and two informative techniques for the
determination of di-isobutyl phthalate (DIBP), di-n-butyl phthalate (DBP), benzylbutyl
phthalate (BBP), di-(2-ethylhexyl) phthalate (DEHP), di-n-octyl phthalate (DNOP), di-isononyl
phthalate (DINP) and di-iso-decyl phthalate (DIDP) in polymers of electrotechnical products.

Gas chromatography-mass spectrometry (GC-MS) and gas chromatography-mass
spectrometry (Py/TD-GC-MS) techniques are described in the normative part of this document.

The GC-MS method is considered the referee technique for the quantitative determination of
DIBP, DBP, BBP, DEHP, DNOP, DINP and DIDP in the range of 50 mg/kg to 2 000 mg/kg.

The GC-MS coupled with a pyrolyzer/thermal desorption (TD) accessory is suitable for
screening and semi-quantitative analysis of DIBP, DBP, BBP, DEHP, DNOP, DINP, and DIDP
in polymers that are used as parts of the electrotechnical products in the range of 100 mg/kg
to 2 000 mg/kg.

The IAMS technique is suitable for screening and semi-quantitative analysis of DIBP, DBP,
BBP, DEHP, DNOP, DINP, and DIDP. Determination of DBP and DIBP, DEHP and DNOP by
IAMS has not been established due to peak and mass spectral resolution limitations.

The LC-MS technique is limited to the determination of of BBP, DEHP, DNOP, DINP, and
DIDP. Determination of DBP and DIBP by LC-MS has not been established due to peak and
mass spectral resolution limitations.

A flow chart depicting how the normative Py/TD-GC-MS and GC-MS methods and informative
methods using ion attachment mass spectrometry (IAMS) coupled with direct injection probe
(DIP) and liquid chromatography-mass spectrometry (LC-MS) can be used are provided in
annexes of this document.

These four test methods have been evaluated by the test of PE (polyethylene) and PVC
(polyvinyl chloride) materials containing individual phthalates between ~450 mg/kg to
30 000 mg/kg as depicted in the normative and informative parts of this document. The use of
the four methods described in this document for other polymer types, phthalate compounds or
concentration ranges other than those specified above has not been specifically evaluated.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 62321-1:2013, Determination of certain substances in electrotechnical products — Part 1:
Introduction and overview

koniecnahladu-textdalej pokracuje vplatenejverzii STN


tlacnoriem1
Odtlačok


	iec62321-8{ed1.0}b.pdf
	English
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms

	4 Principle 
	5 Reagents and materials
	5.1 GC-MS method
	5.2 Py/TD-GC-MS method

	6 Apparatus
	6.1 GC-MS method
	6.2 Py/TD-GC-MS method

	7 Sampling
	7.1 General
	7.2 GC-MS method
	7.3 Py/TD-GC-MS method

	8 Procedure
	8.1 General instructions for the analysis
	8.1.1 Overview
	8.1.2 GC-MS method
	8.1.3 Py/TD-GC-MS method

	8.2 Sample preparation
	8.2.1 GC-MS method
	8.2.2 Py/TD-GC-MS method

	8.3 Instrumental parameters
	8.3.1 GC-MS method
	8.3.2 Py/TD-GC-MS method

	8.4 Calibrants
	8.5 Calibration
	8.5.1 GC-MS method
	8.5.2 Py/TD-GC-MS method


	9 Calculation of phthalate concentration
	9.1 GC-MS method
	9.2 Py/TD-GC-MS method

	10 Precision
	10.1 GC-MS method
	10.1.1 Threshold judgement
	10.1.2 Repeatability and reproducibility

	10.2 Py/TD-GC-MS method
	10.2.1 Screening judgement
	10.2.2 Repeatability and reproducibility


	11 Quality assurance and control
	11.1 General
	11.2 GC-MS method
	11.2.1 Performance
	11.2.2 Limit of detection (LOD) or method detection limit (MDL) and limit of quantification (LOQ)

	11.3 Py/TD-GC-MS method
	11.3.1 Sensitivity
	11.3.2 Blank test
	11.3.3 Limit of detection (LOD) or method detection limit (MDL) and limit of quantification (LOQ)


	12 Test report
	Annex A (informative)Determination of phthalates in polymers byion attachment mass spectrometry (IAMS)
	A.1 Principle
	A.2 Reagents and materials
	A.3 Apparatus
	A.4 Sampling 
	A.5 Procedure 
	A.5.1 General instructions for the analysis
	A.5.2 Sample preparation
	A.5.3 Instrumental parameters
	A.5.4 Calibrants 
	A.5.5 Calibration

	A.6 Calculation of phthalates concentration
	A.7 Quality assurance and control
	A.7.1 General
	A.7.2 Sensitivity
	A.7.3 Recovery 
	A.7.4 Blank test 
	A.7.5 Limit of detection (LOD) or method detection limit (MDL) and limit of quantification (LOQ)

	A.8 Test report

	Annex B (informative)Determination of phthalates in polymers by liquid chromatography-mass spectrometry(LC-MS)
	B.1 Principle
	B.2 Reagents and materials
	B.3 Apparatus
	B.4 Sampling 
	B.5 Procedure 
	B.5.1 General instructions for the analysis
	B.5.2 Sample preparation
	B.5.3 Instrumental parameters
	B.5.4 Calibrants 
	B.5.5 Calibration

	B.6 Calculation of phthalates concentration
	B.7 Quality assurance and control
	B.7.1 General
	B.7.2 Performance
	B.7.3 Limit of detection (LOD) or method detection limit (MDL) and limit of quantification (LOQ)

	B.8 Test report

	Annex C (informative)Examples of chromatograms at suggested conditions
	C.1 GC-MS method
	C.2 Py/TD-GC-MS method
	C.3 LC-MS method
	C.4 IAMS method

	Annex D (informative)Verification of the EGA thermal desorption zone
	Annex E (informative)Example of IAMS and Py/TD-GC-MS instruments 
	Annex F (informative)Example of false positive detection of phthalates
	Annex G (informative)Examples of sample preparation for quantitative analysis of phthalates by GC-MS
	G.1 General
	G.2 Soxhlet extraction of phthalates using proper organic solvents

	Annex H (informative)Extraction of phthalates by dissolution in THF using sonicationand precipitation of polymer matrix 
	Annex I (informative)Commercially available reference materials consideredsuitable for GC-MS and Py/TD-GC-MS
	I.1 GC-MS
	I.2 Py/TD-GC-MS

	Annex J (informative)Commercially available capillary columns considered suitable for GC-MS and Py-GC-MS
	Annex K (informative)Labware cleaning procedure for phthalate testing
	K.1 With the use of a furnace (non-volumetric glassware only)
	K.2 Without the use of a furnace (glassware and plastic-ware)
	K.3 Estimation of cleanness of the inner areas of volumetric glassware

	Annex L (informative)Results of international inter-laboratory study 5
	Annex M (informative)Sample analysis sequence 
	M.1 GC-MS

	Annex N (informative)Flow chart
	Bibliography
	Figures
	Figure C.1 – Total ion current chromatogram of each phthalate (10 µg/ml, 1 µl, splitless)
	Figure C.2 – Extracted ion chromatogram of DINP (10 µg/ml, 1 µl, splitless)
	Figure C.3 – Extracted ion chromatogram of DIDP (10 µg/ml, 1 µl, splitless)
	Figure C.4 – Total ion current chromatogram of 100 µg/mlof phthalate mixture by Py/TD-GC-MS
	Figure C.5 – Total ion current chromatogram of 5 µg/ml of phthalate mixture by LC-MS 
	Figure C.6 – Mass spectrum of each phthalate by IAMS
	Figure C.7 – Total ion current chromatogram of each absolute amount (0,08 µg) of phthalate mixture by IAMS
	Figure C.8 – Total ion current chromatogram of approximately 0,3 mg of PVC which contains 300 mg/kg of each phthalate mixture by IAMS (Absolute amount: 0,09 µg)
	Figure D.1 – Example of EGA thermogram of a PVC sample containing phthalates
	Figure E.1 – Example of IAMS instrument
	Figure E.2 – Example of Py/TD-GC-MS instrument
	Figure F.1 – Typical laboratory wares made of plastic materialsthat may cause phthalate contamination
	Figure F.2 – Example of a chromatogram of a blank solvent (THF)in a plastic bottle showing DEHP contamination. 
	Figure G.1 – Recovery ratios of Di-(2-ethylhexyl) phthalateusing Soxhlet extraction with different organic solvents
	Figure G.2 – Comparison of recovery ratios of phthalatesusing different extracting conditions
	Figure I.1 – Sample preparation of reference materials
	Figure N.1 – Flow chart for screening step and quantitative step

	Tables
	Table 1 – Measurement condition of GC-MS
	Table 2 – Reference masses for the quantification of each phthalate
	Table 3 – Measurement condition of Py/TD-GC-MS
	Table 4 – Calibration standard solution of phthalates
	Table 5 – IIS5 Threshold judgement
	Table 6 – IIS5 Repeatability and reproducibility
	Table 7 – IIS5 screening and threshold judgement
	Table 8 – IIS5 Repeatability and reproducibility
	Table A.1 – Measurement condition of IAMS
	Table A.2 – Certified value of constituent phthalates in KRISS CRM 113-03-006
	Table B.1 – Measurement condition of LC-MS
	Table B.2 – Standard stock solution concentrations
	Table G.1 – Recovery ratios of phthalates according to different Soxhlet extraction times (extracting solvent: n-hexane)
	Table H.1 – Comparison of the efficiency of the sample preparation method of dissolution in THF using sonication and precipitation of polymeric matrix with that of Soxhlet extraction for soluble sample
	Table H.2 – Comparison of the efficiency of the sample preparation method of dissolution in THF using sonication and precipitation of polymeric matrix with that of Soxhlet extraction for insoluble samples
	Table I.1 – Example list of commercially available reference solutionsconsidered suitable for GC-MS
	Table I.2 – Example list of commercially available reference materials considered suitable for Py/TD-GC-MS
	Table J.1 – Example list of commercially available capillary columnsconsidered suitable for GC-MS and Py-GC-MS analysis
	Table L.1 – Statistical data for Py/TD-GC-MS
	Table L.2 – Statistical data for GC-MS
	Table L.3 – Statistical data for IAMS
	Table L.4 – Statistical Data For LC-MS
	Table M.1 – Sample analysis sequence for GC-MS analysis
	Table M.2 – Sample analysis sequence for Py/TD-GC-MS analysis


	Français
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d'application 
	2 Références normatives
	3 Termes, définitions et abréviations
	3.1 Termes et définitions
	3.2 Abréviations

	4 Principe 
	5 Réactifs et matériaux
	5.1 Méthode GC-MS
	5.2 Méthode Py/TD-GC-MS

	6 Appareillage
	6.1 Méthode GC-MS
	6.2 Méthode Py/TD-GC-MS

	7 Échantillonnage
	7.1 Généralités
	7.2 Méthode GC-MS 
	7.3 Méthode Py/TD-GC-MS

	8 Procédure
	8.1 Instructions générales pour l'analyse
	8.1.1 Présentation générale
	8.1.2 Méthode GC-MS 
	8.1.3 Méthode Py/TD-GC-MS

	8.2 Préparation des échantillons
	8.2.1 Méthode GC-MS
	8.2.2 Méthode Py/TD-GC-MS

	8.3 Paramètres instrumentaux
	8.3.1 Méthode GC-MS
	8.3.2 Méthode Py/TD-GC-MS

	8.4 Étalons
	8.5 Étalonnage
	8.5.1 Méthode GC-MS
	8.5.2 Méthode Py/TD-GC-MS


	9 Calcul de la concentration de phtalates 
	9.1 Méthode GC-MS
	9.2 Méthode Py/TD-GC-MS

	10 Justesse
	10.1 Méthode GC-MS 
	10.1.1 Estimation du seuil
	10.1.2 Répétabilité et reproductibilité

	10.2 Méthode Py/TD-GC-MS
	10.2.1 Estimation de la détection
	10.2.2 Répétabilité et reproductibilité


	11 Assurance qualité et contrôle de la qualité
	11.1 Généralités
	11.2 Méthode GC-MS
	11.2.1 Performances
	11.2.2 Limite de détection (LOD) ou limite de détection de la méthode (MDL) et limite de quantification (LOQ)

	11.3 Méthode Py/TD-GC-MS
	11.3.1 Sensibilité
	11.3.2 Essai témoin
	11.3.3 Limite de détection (LOD) ou limite de détection de la méthode (MDL) et limite de quantification (LOQ)


	12 Rapport d'essai
	Annexe A (informative)Détermination des phtalates dans les polymèrespar spectrométrie de masse à ions attachés (IAMS)
	A.1 Principe
	A.2 Réactifs et matériaux
	A.3 Appareillage
	A.4 Échantillonnage 
	A.5 Procédure 
	A.5.1 Instructions générales pour l'analyse
	A.5.2 Préparation des échantillons
	A.5.3 Paramètres instrumentaux
	A.5.4 Étalons 
	A.5.5 Étalonnage

	A.6 Calcul de la concentration de phtalates
	A.7 Assurance qualité et contrôle de la qualité
	A.7.1 Généralités
	A.7.2 Sensibilité
	A.7.3 Taux de récupération 
	A.7.4 Essai témoin 
	A.7.5 Limite de détection (LOD) ou limite de détection de la méthode (MDL) et limite de quantification (LOQ)

	A.8 Rapport d'essai

	Annexe B (informative)Détermination des phtalates dans les polymères par chromatographieen phase liquide couplée à la spectrométrie de masse (LC-MS)
	B.1 Principe
	B.2 Réactifs et matériaux
	B.3 Appareillage
	B.4 Échantillonnage 
	B.5 Procédure 
	B.5.1 Instructions générales pour l'analyse
	B.5.2 Préparation des échantillons
	B.5.3 Paramètres instrumentaux
	B.5.4 Étalons 
	B.5.5 Étalonnage

	B.6 Calcul de la concentration de phtalates
	B.7 Assurance qualité et contrôle de la qualité
	B.7.1 Généralités
	B.7.2 Performances
	B.7.3 Limite de détection (LOD) ou limite de détection de la méthode (MDL) et limite de quantification (LOQ)

	B.8 Rapport d'essai

	Annexe C (informative)Exemples de chromatogrammes dans les conditions suggérées
	C.1 Méthode GC-MS
	C.2 Méthode Py/TD-GC-MS
	C.3 Méthode LC-MS
	C.4 Méthode IAMS

	Annexe D (informative)Vérification de la zone de thermodésorption par AGE
	Annexe E (informative)Exemple d'instruments IAMS et Py/TD-GC-MS 
	Annexe F (informative)Exemple de fausse détection positive de phtalates
	Annexe G (informative)Exemples de préparation d'échantillons pour l'analysequantitative des phtalates par GC-MS
	G.1 Généralités
	G.2 Extraction Soxhlet des phtalates à l'aide de solvants organiques appropriés

	Annexe H (informative)Extraction des phtalates par dissolution dans du THF par sonication et précipitation de la matrice polymère 
	Annexe I (informative)Matériaux de référence du commerce considérés comme appropriéspour l'analyse GC-MS et l'analyse Py/TD-GC-MS
	I.1 GC-MS
	I.2 Py/TD-GC-MS

	Annexe J (informative)Colonnes capillaires du commerce considérées comme appropriéespour l'analyse GC-MS et l'analyse Py-GC-MS
	Annexe K (informative)Procédure de nettoyage du matériel de laboratoirepour les essais concernant les phtalates
	K.1 À l'aide d'un four (accessoires en verre non volumétriques uniquement)
	K.2 Sans l'aide d'un four (accessoires en verre et accessoires en plastique)
	K.3 Estimation de la propreté des surfaces intérieures de l'accessoire en verre volumétrique

	Annexe L (informative)Résultats de l'étude internationale interlaboratoire 5
	Annexe M (informative)Séquence d'analyse d'échantillon 
	M.1 GC-MS

	Annexe N (informative)Organigramme
	Bibliographie
	Figures
	Figure C.1 – Chromatogramme du courant ionique total de chaque phtalate(10 µg/ml, 1 µl, sans division)
	Figure C.2 – Chromatogramme d'ions extraits de DINP (10 µg/ml, 1 µl, sans division)
	Figure C.3 – Chromatogramme d'ions extraits de DIDP (10 µg/ml, 1 µl, sans division)
	Figure C.4 – Chromatogrammes du courant ionique total de 100 µg/ml de phtalateet mélange de phtalates par analyse Py/TD-GC-MS
	Figure C.5 – Chromatogrammes du courant ionique total de 5 µg/ml de phtalateet mélange de phtalates par analyse LC-MS 
	Figure C.6 – Spectres de masse de chaque phtalate ou mélange de phtalates par IAMS
	Figure C.7 – Chromatogrammes du courant ionique total de chaque quantitéabsolue (0,08 µg) de phtalate ou mélange de phtalates par IAMS
	Figure C.8 – Chromatogramme du courant ionique total d'environ 0,3 mgde PVC contenant 300 mg/kg de chaque phtalate ou mélange de phtalates par IAMS (quantité absolue: 0,09 µg)
	Figure D.1 – Exemple de thermogramme d’AGE d’un échantillonde PVC contenant des phtalates
	Figure E.1 – Exemple d'instrument IAMS
	Figure E.2 – Exemple d'instrument Py/TD-GC-MS
	Figure F.1 – Matériels de laboratoire classiques en plastique qui peuvent êtreà l'origine d'une contamination aux phtalates
	Figure F.2 – Exemple de chromatogramme de solvant témoin (THF) dans une bouteille en plastique présentant une contamination au DEHP 
	Figure G.1 – Taux de récupération de bis (2-éthylhexyle) phtalate à l'aidede l'extraction Soxhlet avec différents solvants organiques 
	Figure G.2 – Comparaison des taux de récupération des phtalatesen utilisant différentes conditions d'extraction 
	Figure I.1 – Préparation d'échantillon de matériaux de référence
	Figure N.1 – Organigramme de l’étape de détection et de l’étape quantitative

	Tableaux
	Tableau 1 – Conditions de mesure par GC-MS
	Tableau 2 – Masses de référence pour la quantification de chaque phtalate
	Tableau 3 – Conditions de mesure par Py/TD-GC-MS
	Tableau 4 – Solution étalon des phtalates
	Tableau 5 – Estimation du seuil IIS5
	Tableau 6 – Répétabilité et reproductibilité IIS5
	Tableau 7 – Estimation de la détection et du seuil IIS5
	Tableau 8 – Répétabilité et reproductibilité IIS5
	Tableau A.1 – Condition de mesure de l'IAMS
	Tableau A.2 – Valeurs certifiées de phtalates inclus dans le KRISS CRM 113-03-006 
	Tableau B.1 – Conditions de mesure de LC-MS
	Tableau B.2 – Concentrations des solutions étalons mères
	Tableau G.1 – Taux de récupération des phtalates en fonction des différents tempsd’extraction Soxhlet (solvant d'extraction: n-hexane)
	Tableau H.1 – Comparaison de l'efficacité de la méthode de préparationdes échantillons par dissolution dans le THF par sonication et précipitationde la matrice polymère avec l'efficacité de la méthode par extraction Soxhletpour les échantillons solubles
	Tableau H.2 – Comparaison de l'efficacité de la méthode de préparationdes échantillons par dissolution dans le THF par sonication et précipitationde la matrice polymère avec l'efficacité de la méthode par extraction Soxhletpour les échantillons non solubles
	Tableau I.1 – Exemples de solutions de référence du commerceconsidérées comme appropriées pour l'analyse GC-MS
	Tableau I.2 – Exemples de matériaux de référence du commerceconsidérés comme appropriés pour l'analyse Py/TD-GC-MS
	Tableau J.1 – Exemples de colonnes capillaires du commerce considéréescomme appropriées pour l'analyse GC-MS et l'analyse Py-GC-MS 
	Tableau L.1 – Données statistiques pour l'analyse Py/TD-GC-MS
	Tableau L.2 – Données statistiques pour l'analyse GC-MS
	Tableau L.3 – Données statistiques pour la méthode IAMS
	Tableau L.4 – Données statistiques pour l'analyse LC-MS
	Tableau M.1 – Séquence d'analyse d'échantillon pour l'analyse GC-MS
	Tableau M.2 – Séquence d'analyse d'échantillon pour l'analyse Py/TD-GC-MS






