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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/
Figure/Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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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 can 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 147, Water quality, Subcommittee SC 2, Physical, 
chemical and biochemical methods, in collaboration with the European Committee for Standardization 
(CEN) Technical Committee CEN/TC  230, Water analysis, in accordance with the Agreement on technical 
cooperation between ISO and CEN (Vienna Agreement).

This second edition cancels and replaces the first edition (ISO  22032:2006), which has been technically 
revised.

The main changes are as follows:

—	 expansion of the scope to biota;

—	 including GC-MS/MS as detection method;

—	 including a description of a clean up set with manual and automated methods for sediment, for suspended 
particulate matter and biota.

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

This document is related to 91/271/EEC - the Urban Waste Water Treatment Directive, the European Union 
directive concerning urban waste water collection, treatment and discharge of urban waste water and the 
treatment and discharge of waste water from certain industrial sectors.
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DRAFT International Standard ISO/DIS 22032:2025(en)

Water quality - Determination of polybrominated diphenyl 
ethers (PBDE) in sediment, suspended (particulate) matter 
and biota - Method using gas chromatography-tandem mass 
spectrometry or high resolution mass spectrometry (GC- MS/
MS; HRMS)
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.

IMPORTANT — It is absolutely essential that tests conducted in accordance with this document be 
carried out by suitably qualified staff.

1	 Scope

This document specifies a method for the determination of selected polybrominated diphenylethers (PBDE) 
(see Figure 1 and Table 1) in sediment, suspended particulate matter and biota using gas chromatography/
mass spectrometry (GC-MS/MS or GC-HRMS) in the electron impact (EI), negative ion chemical ionization 
(NCI) or atmospheric pressure ionization (APCI) mode.

Figure 1 — General structure of polybrominated diphenyl ethers

The method is applicable to sediment and suspended particulate matter samples with limits of quantification 
of 0,2 µg/kg dry weight (dw) for BDE-28 to BDE-183, of 2 µg/kg dry weight (dw) for BDE‑209.

The method is applicable as well with lower limits of quantification (LOQ), if specific clean-up methods, 
described in Clause 10, Table 3, method 1 and method 2 in combination with measurement methods GC-MS/
MS or GC-HRMS after electron impact ionization (El) or negative ion chemical ionization (NCI) for BDE-209 
are used. Depending on the analytical capability of the instrument limits of quantification down to 0,003 µg/
kg dw for BDE-28 to BDE-154 and 0,02 µg/kg dw for BDE-183 and 1 µg/kg dw for BDE-209 and lower are 
possible.

The method is applicable to biota samples with limits of quantification down to 0,000 2 µg/kg fresh weight 
(fw) (BDE-28 to BDE-154) and 0,03  μg/kg fresh weight (fw) (BDE-183), if specific clean-up methods, 
described in Table  4 in combination with measurement methods GC-MS/MS or GC-HRMS after electron 
impact ionization (El) are used.
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Table 1 — PBDE congeners determined by this method

No. Congener Formula Abbreviationa CAS-RNb Molar mass
g/mol

1 2,4,4'-Tribromodiphenyl ether C12H7Br3O BDE‑28 41318-75-6 406,9
2 2,2',4,4'-Tetrabromodiphenyl ether C12H6Br4O BDE‑47 5436-43-1 485,8
3 2,2',4,4',5-Pentabromodiphenyl ether C12H5Br5O BDE‑99 60348-60-9 564,7
4 2,2',4,4',6-Pentabromodiphenyl ether C12H5Br5O BDE‑100 189084-64-8 564,7
5 2,2',4,4',5,5'-Hexabromodiphenyl ether C12H4Br6O BDE‑153 68631-49-2 643,6
6 2,2',4,4',5,6'-Hexabromodiphenyl ether C12H4Br6O BDE‑154 207122-15-4 643,6
7 2,2',3,4,4',5',6-Heptabromodiphenyl ether C12H3Br7O BDE‑183 207122-16-5 722,5
8 Decabromodiphenyl ether C12Br10O BDE‑209 1163-19-5 959,2

a	 Numbering analogous to IUPAC nomenclature for PCB.
b	 CAS-RN Chemical Abstracts Services Registration Number.

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.

ISO  5667-12, Water quality — Sampling — Part 12: Guidance on sampling of bottom sediments from rivers, 
lakes and estuarine areas

ISO 5667-13, Water quality — Sampling — Part 13: Guidance on sampling of sludges

ISO 5667-17, Water quality — Sampling — Part 17: Guidance on sampling of bulk suspended solids

ISO 8466-1:2021, Water quality — Calibration and evaluation of analytical methods — Part 1: Linear calibration 
function

ISO  10870, Water quality — Guidelines for the selection of sampling methods and devices for benthic 
macroinvertebrates in fresh waters

ISO/TS 13530, Water quality — Guidance on analytical quality control for chemical and physicochemical water 
analysis

EN 13946, Water quality — Guidance for the routine sampling and preparation of benthic diatoms from rivers 
and lakes

EN 14011, Water quality — Sampling of fish with electricity

EN 14757, Water quality — Sampling of fish with multi-mesh gillnets

EN 16150, Water quality — Guidance on pro-rata Multi-Habitat sampling of benthic macro-invertebrates from 
wadeable rivers

EN  16190, Soil, treated biowaste and sludge  — Determination of dioxins and furans and dioxin-like 
polychlorinated biphenyls by gas chromatography with high resolution mass selective detection (HR GC‑MS)

EN 17218, Water quality — Guidance on sampling of mesozooplankton from marine and brackish water using mesh

3	 Terms and definitions

No terms and definitions are listed in this document.

2
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ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

4	 Principle

Brominated diphenyl ethers are extracted from dried sample material (sediment, suspended particulate 
matter, biota) using organic solvents. Clean-up of the extract is carried out by various methods as specified 
in this document. Depending on the matrix and the concentration of PBDE  in the samples five different 
clean-up methods for sediment samples and three methods for biota samples can be selected, e.g. column 
chromatography or gel permeation chromatography. Options for avoiding dichloromethane and toluene in 
the sample clean-up are available.

After clean-up and concentration, separation of the brominated diphenyl ethers is accomplished by capillary 
gas chromatography. For detection, different types of GC-MS equipment can be used, applying either mass 
spectrometry in multiple reaction mode, or high resolution mass spectrometry with different ionisation 
techniques as electron impact (EI), negative ion chemical ionization (NCI) or atmospheric pressure chemical 
ionisation (APCI).

For determination of the analyte concentration in the sample, an internal standard calibration is used.

5	 Interferences

Non‑specific matrix interferences, as well as interferences from other environmental contaminants are 
dealt with using the given clean-up procedure.

Sources of contamination of the samples can be the following: brominated diphenyl ethers used as flame-
retardants or for other purposes in organic polymers, used in vial covers, Pasteur pipette fillers, recycled 
paper and are possibly transported also via air dust. Therefore, any contact of samples, reagents or any 
material used with these organic polymers shall be avoided.

PCB-180 can interfere with BDE-47 if a short column is used. The application of MS/MS detection as 
well as avoiding m/z 323,87 in the detection by GC-HRMS allows for separation the compounds via mass 
spectrometry.

Interferences with other chlorinated substances can occur, if chromatographic separation is not sufficient as 
described in[1] (Eljarrat, 2003):

—	 BDE-47 at m/z 323,878 5 with Heptachlorobiphenyl at m/z 323,864 7 such as PCB-180;

—	 BDE-100 and BDE-99 at m/z 403,787 0 with Octachloronaphthalene at m/z 403,745 0;

—	 BDE-100 and BDE-99 at m/z 405,784 9 with Heptachlorodibenzofurans at m/z 405,784 7.

MS/MS detection at optional m/z values (see Table  C.1 —) can solve the problem. Therefore, careful 
evaluation of instrumentation, masses and mass transitions used in MS is necessary.

Further interferences from BDE-congeners not listed in this document, as well as by other brominated 
compounds can be found in[2] (Korytar, 2005). Coelutions can occur especially when using short columns 
and short oven programs. Such potential interferences depending on the analytical column are:

—	 BDE-16, BDE-33 interfering with BDE-28;

—	 BDE-184, BDE-182 and BDE-175 interfering with BDE-183.

These and further interferences should be overcome by a sufficient chromatographic separation.
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6	 Reagents and standards

Use only reagents and materials with negligibly low concentrations of brominated diphenyl ethers, verify 
this in every analysis series by blank determinations over the total procedure. The blank over the total 
procedure must be less than the reported limit of detection (see ISO/TS 13530). If necessary, traces of PBDE 
in solid materials can be reduced by heating at 400 °C.

6.1	 Solvents for extraction, preparation of stock solutions and clean up

6.1.1	 n‑Heptane, C7H16.

6.1.2	 Toluene, C7H8.

6.1.3	 Acetone (2-propanone), C3H6O.

6.1.4	 Dichloromethane, CH2Cl2.

6.1.5	 Cyclohexane, C6H12.

6.1.6	 Dodecane, C12H26, for automatized clean up or as a keeper.

6.1.7	 n-Hexane, C6H14.

6.1.8	 Ethanol, C2H6O.

6.2	 Reference stock solutions

See Table 1. Solutions of reference substances are commercially available.

Store the prepared solutions in a refrigerator at (5 ± 3) °C, alternatively according to the manufacturer.

6.3	 Internal standard stock solutions

Solutions of 13C-labelled reference substances for use as internal standards are commercially available.

Store the prepared solutions in a refrigerator at (5 ± 3) °C, alternatively according to the manufacturer.

See Table 2.

Table 2 — List of 13C-labelled internal standards

No Name Formula Abbreviation Molar mass
g/mol

Internal standards
1 2,4,4'-Tribromo[13C12]diphenyl ether 13C12H7Br3O 13C-BDE‑28 418,8
2 2,2',4,4'-Tetrabromo[13C12]diphenyl ether 13C12H6Br4O 13C-BDE‑47 497,7
3 2,2',4,4',5-Pentabromo[13C12]diphenyl ether 13C12H5Br5O 13C-BDE‑99 576,6
4 2,2',4,4',6-Pentabromo[13C12]diphenyl ether 13C12H5Br5O 13C-BDE‑100 576,6
5 2,2',4,4',5,5'-Hexabromo[13C12]diphenyl ether 13C12H4Br6O 13C-BDE‑153 655,5
6 2,2',4,4',5,6'-Hexabromo[13C12]diphenyl ether 13C12H4Br6O 13C-BDE‑154 655,5
7 2,2',3,4,4',5',6-Heptabromo[13C12]diphenyl ether 13C12H3Br7O 13C-BDE‑183 734,4
8 Decabromo[13C12]diphenyl ether 13C12Br10O 13C-BDE‑209 971,1

6.4	 Internal standard working solutions for calibration and addition to the samples see Annex D.
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