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European foreword 

This document (EN ISO 11916-3:2021) has been prepared by Technical Committee ISO/TC 190 "Soil 
quality" in collaboration with Technical Committee CEN/TC 444 “Environmental characterization of 
solid matrices” the secretariat of which is held by NEN. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by April 2022, and conflicting national standards shall be 
withdrawn at the latest by April 2022. 

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

Any feedback and questions on this document should be directed to the users’ national standards 
body/national committee. A complete listing of these bodies can be found on the CEN website. 

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, 
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, 
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of 
North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the 
United Kingdom. 

Endorsement notice 

The text of ISO 11916-3:2021 has been approved by CEN as EN ISO 11916-3:2021 without any 
modification. 

 

 

SIST EN ISO 11916-3:2022

iTeh STANDARD
PREVIEW

(standards.iteh.ai)
SIST EN ISO 11916-3:2022

https://standards.iteh.ai/catalog/standards/sist/665af326-
7400-45e3-a29d-07370cbbdabf/sist-en-iso-11916-3-

2022



 

SIST EN ISO 11916-3:2022

iTeh STANDARD
PREVIEW

(standards.iteh.ai)
SIST EN ISO 11916-3:2022

https://standards.iteh.ai/catalog/standards/sist/665af326-
7400-45e3-a29d-07370cbbdabf/sist-en-iso-11916-3-

2022



Soil quality — Determination of 
selected explosives and related 
compounds —
Part 3: 
Method using liquid chromatography-
tandem mass spectrometry (LC-MS/
MS)
Qualité du sol — Dosage d'une sélection d'explosifs et de composés 
apparentés —
Partie 3: Méthode utilisant la chromatographie en phase liquide 
couplée à la spectrométrie de masse en tandem (CL-SM/SM)

© ISO 2021

INTERNATIONAL 
STANDARD

ISO
11916-3

First edition
2021-09

Reference number
ISO 11916-3:2021(E)

SIST EN ISO 11916-3:2022

iTeh STANDARD
PREVIEW

(standards.iteh.ai)
SIST EN ISO 11916-3:2022

https://standards.iteh.ai/catalog/standards/sist/665af326-
7400-45e3-a29d-07370cbbdabf/sist-en-iso-11916-3-

2022



﻿

ISO 11916-3:2021(E)
﻿

ii� © ISO 2021 – All rights reserved

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2021
All rights reserved. Unless otherwise specified, or required in the context of its implementation, 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
CP 401 • Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

SIST EN ISO 11916-3:2022

iTeh STANDARD
PREVIEW

(standards.iteh.ai)
SIST EN ISO 11916-3:2022

https://standards.iteh.ai/catalog/standards/sist/665af326-
7400-45e3-a29d-07370cbbdabf/sist-en-iso-11916-3-

2022



﻿

ISO 11916-3:2021(E)
﻿

Foreword.........................................................................................................................................................................................................................................iv
Introduction...................................................................................................................................................................................................................................v
1	 Scope.................................................................................................................................................................................................................................. 1
2	 Normative references....................................................................................................................................................................................... 1
3	 Terms and definitions...................................................................................................................................................................................... 2
4	 Principle......................................................................................................................................................................................................................... 2
5	 Interferences............................................................................................................................................................................................................. 2
6	 Reagents......................................................................................................................................................................................................................... 2

6.1	 General............................................................................................................................................................................................................ 2
6.2	 Chemicals...................................................................................................................................................................................................... 2
6.3	 Standard substances and solutions........................................................................................................................................ 3

6.3.1	 Standard substances...................................................................................................................................................... 3
6.3.2	 Standard solutions.......................................................................................................................................................... 3

7	 Apparatus...................................................................................................................................................................................................................... 4
7.1	 General............................................................................................................................................................................................................ 4
7.2	 Equipment for extraction................................................................................................................................................................ 4
7.3	 Liquid chromatograph-tandem mass spectrometer (LC-MS/MS)............................................................... 4

8	 Procedure..................................................................................................................................................................................................................... 5
8.1	 Sample pre-treatment, sample storage and determination of water content................................... 5
8.2	 Extraction..................................................................................................................................................................................................... 5

8.2.1	 General...................................................................................................................................................................................... 5
8.2.2	 Extraction using ultrasonic waves..................................................................................................................... 5
8.2.3	 Extraction using mechanical shaking............................................................................................................. 6

8.3	 Storage of extract................................................................................................................................................................................... 6
9	 Liquid chromatography tandem mass spectrometry (LC-MS/MS).................................................................... 6

9.1	 General............................................................................................................................................................................................................ 6
9.2	 Identification and quantification.............................................................................................................................................. 6
9.3	 Calibration................................................................................................................................................................................................... 7

10	 Calculation of results........................................................................................................................................................................................ 7
11	 Quality assurance/quality control (QA/QC)............................................................................................................................. 8
12	 Expression of results......................................................................................................................................................................................... 9
13	 Test report.................................................................................................................................................................................................................... 9
Annex A (informative) Conditions of high performance liquid chromatography tandem 

mass spectrometry (LC-MS/MS).........................................................................................................................................................10
Annex B (informative) Comparison of LC-MS and LC-MS/MS application for PETN, 1,3,5-TNB 

and tetryl....................................................................................................................................................................................................................13
Annex C (informative) Comparison of LOD and LOQ in the measurement of HPLC and LC-MS/MS..16
Annex D (informative) Comparison of extractive capability of acetonitrile and methanol 

when using LC-MS/MS...................................................................................................................................................................................19
Annex E (informative) Report of interlaboratory validation study for ISO 11916-3.......................................21
Bibliography..............................................................................................................................................................................................................................23

© ISO 2021 – All rights reserved� iii

Contents� Page

SIST EN ISO 11916-3:2022

iTeh STANDARD
PREVIEW

(standards.iteh.ai)
SIST EN ISO 11916-3:2022

https://standards.iteh.ai/catalog/standards/sist/665af326-
7400-45e3-a29d-07370cbbdabf/sist-en-iso-11916-3-

2022



﻿

ISO 11916-3:2021(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.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents). 

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www​.iso​.org/​
iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC  190, Soil quality, Subcommittee 
SC  3, Chemical and physical characterization, in collaboration with the European Committee for 
Standardization (CEN) Technical Committee CEN/TC 444, Environmental characterization of solid 
matrices, in accordance with the Agreement on technical cooperation between ISO and CEN (Vienna 
Agreement).

A list of all parts in the ISO 11916 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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Introduction

Currently two ISO standards exist for the analysis of explosives and related compounds in soil: 
ISO 11916-1 (HPLC with UV detection method), ISO 11916-2 (GC-ECD or MS). According to the results 
of inter-laboratory trial with ISO  11916-1, it showed some problematic aspects to analyze PETN, 
1,3,5‑TNB and tetryl. In case of ISO 11916-2, it also gave poor inter-laboratory trial results for 1,3,5‑TNB. 
Therefore, it is necessary to develop new method effectively applicable to the determination of PETN, 
1,3,5-TNB and tetryl. In addition to this, lower risk-based PRGs (Preliminary Remediation Goal), new 
regulatory concerns, and change of land use have created the atmosphere to apply more sensitive and 
selective instruments to determine explosive and related compounds. From the view of these aspects, 
liquid chromatography–tandem mass spectrometry (LC-MS/MS) is one of alternative methods for these 
purposes. LC-MS/MS method provides 10-20 times or more lower detection limit than that of HPLC/UV 
method. In this document, LC-MS/MS method is intended for the trace analysis of explosives and related 
compounds and applicable to 12 compounds (1,3-DNB, 1,3,5-TNB, 2,4-DNT, 2,6-DNT, 2,4,6-TNT, 4-A- 2,6-
DNT, 2-A-4,6-DNT, Tetryl, Hexyl, RDX, HMX, PETN) listed in ISO 11916-1 (soil, HPLC with UV detection 
method) except for nitrobenzene, 2-nitrotoluene, 3-nitrotoluene and 4-nitrotoluene (see Annex  E). 
In case of nitrobenzene and nitrotoluenes, they have the low sensitivity in LC-MS/MS measurement 
than using HPLC with UV detection method. In particular LC-MS/MS measurement is effective for the 
analysis of PETN, 1,3,5-TNB and tetryl when comparing with the method using HPLC with UV detection 
method. Also LC-MS/MS method is getting more familiar in ISO standard development (e.g. ISO  22104 
Water quality-Microcystins, ISO/NP 21677 Water quality-HBCD, ISO  21675 Water quality-PFAS).
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