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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent 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. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.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 beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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Forward

The International Organization for Standardization (ISO) 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 document should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

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..//html.

This document was prepared by Technical Committee ISO/TC 45, Rubber and Rubber Products. This second
edition cancels and replaces the first edition (ISO/TS 21396:2017), which has been technically revised.

The main changes are as follows:

— addition ofillustrative instrument conditions for the microfurnace pyrolyser and statement of limitations
of the resistive pyrolysers;

— addition of recommendations for sample chemical pretreatment to mitigate interference from co-eluting
non-tread synthetic and/or naturally occurring compounds;

— revision and improvement of calculation method to account for differences in elastomer microstructure
between calibration standards and marketplace average tread including total 1,4-butadiene content for
SBR/BR and styrene content for SBR;

— addition of 4-phenylcycohexene marker, which may be used as a marker for SBR or alternative marker
for SBR/BR when an estimate of the SBR:BR ratio is available.

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

Tyre and road wear particles (TRWP) are formed as a result of tread abrasion from the road surface,
and subsequent particle release to the environment. TRWP consist of tyre tread particles which include
incorporated material from the road surface (Kreider et al. 2010[1). The elastomeric fraction in TRWP
contained in soil or sediment materials is quantified in this document by direct pyrolysis-GC/MS (gas
chromatography/mass spectrometry) analysis. Mass concentration can be expressed on the basis of the
rubber polymer, tyre tread, or TRWP. This method has been used to measure the TRWP concentration in
soil and sediment samples (Unice et al. 2012[2]; Unice et al. 2013I[3]; Barber et al., 2023[4]). The airborne
concentration of TRWP in the PM, c and PM,, fraction has also been characterized by a similar method
(Panko et al. 2013[3]; Panko et al. 20191e]).

Specific chemical markers are generated from intact TRWP by pyrolysis of sample specimens. The chemical
markers consist of characteristic and specific pyrolysis dimeric fragments of passenger and truck tyre
tread polymers including butadiene rubber, styrene-butadiene rubber, and isoprene rubber. The polymer
fragments generated by sample pyrolysis are subsequently separated by gas chromatography (GC) and
identified by mass spectrometry (MS). The TRWP mass concentration is calculated based on market
average polymer use rates in tread, and prior characterization of the mineral content of TRWP. Rubber
polymer specificity is achieved by quantification of dimeric polymer fragments consisting of two monomer
units (Kitamura et al. 2007[Z]; Harada et al. 2009[8l). Repeatability is achieved by the use of a deuterated
internal standard of similar polymeric structure to the tyre tread polymers. The internal standard corrects
for variable analyte recovery caused by sample size, matrix effects, and temporal variation in instrument
response. The method is suitable for monitoring changes in soil or sediment TRWP concentrations over time.
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DRAFT International Standard ISO/DIS 21396:2025(en)

Rubber — Determination of the mass concentration of tyre and
road wear particles (TRWP) in soil and sediment — Pyrolysis-
gas chromatography/mass spectrometry (GC/MS) method
WARNING 1 — 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.

WARNING 2 — Certain procedures specified in this document can involve the use or generation of
substances, or the generation of waste, that could constitute a local environmental hazard. Reference
should be made to appropriate documentation on safe handling and disposal after use.

1 Scope

This document specifies a method for the determination of the mass concentration (pg/g) of tyre and road
wear particles (TRWP) in soil or sediment environmental samples.

This document establishes principles for soil or sediment sample collection, the generation of pyrolysis
fragments from the sample, and the quantification of the generated polymer fragments. The quantified
polymer mass is used to calculate the concentration of TRWP in soil or sediment. These quantities are
expressed on a TRWP basis, which includes the mass of tyre tread and mass of road wear encrustations, and
can also be expressed on a tyre rubber polymer or tyre tread basis.

NOTE Tyre and road wear particles are a discrete mass of elongated particles generated at the frictional interface

between the tyre and roadway surface during the service life of a tyre. The particles consist of tyre tread enriched
with mineral encrustations from the roadway surface.

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 17257, Rubber — Identification of polymers — Pyrolytic gas-chromatographic method using mass-
spectrometric detection

ISO 3310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wire cloth

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO 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/

3.1

deuterated internal standard

monomer containing at least one deuterium molecule added to a sample in a fixed amount that is nearly
identical to the target analyte used to correct for instrument drift and matrix interference.
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3.2
dry mass
mass of solid dried in an oven for a specified time and at a specified temperature

3.3
wet mass
mass of solid before drying in an oven

3.4
monitoring
repeated measurement to follow changes over a period of time

3.5
percent dry mass
dry mass of sample solids expressed as a percentage of the sample wet mass

3.6

pyrolysis analysis

decomposition of organic polymeric molecules into characteristic fragments separated by GC and
quantified by MS

4 Principle

Tyre tread polymer is quantified using internal standard calibration and the peak area of characteristic
fragment ions corresponding to dimers of the raw polymer by pyrolysis-GC/MS. The thermal decomposition
products of cross-linked natural rubber (NR) (CAS 9006-04-6), styrene-butadiene rubber (SBR) (CAS 9003-
55-8) and butadiene rubber (BR) (CAS 9003-17-2) polymers depend on the abundance of polymers in the
sample. SBR pyrolysis generates butadiene (CAS 106-99-0), 4-vinylcyclohexene (butadiene dimer;VCH) (CAS
100-40-3), styrene (CAS 100-42-5), and 4-phenylcyclohexene (PCH) (CAS 4994-16-5), whereas BR generates
butadiene monomer and VCH (Miller et al. 2022[9]). NR is associated with isoprene (CAS 78-79-5) monomer
and dipentene (isoprene dimer;DP) (CAS 138-86-3). Quantification of the synthetic fraction (SBR and BR) by
the VCH marker is preferred based on the increased response ratio and contribution as compared to the PCH
marker, which estimates the synthetic fraction based on SBR only (Miller et al. 2022[11]),

The dimer fragments have good specificity for rubber polymers, whereas both anthropogenic and natural
organic substances are sources of the monomer markers (Kitamura 2007Z]). Therefore, the monomeric
pyrolysis marker compounds are subject to interference from non-TRWP environmental sources, and are
not suitable for quantification of TRWP mass concentration in soil or sediment. One well-known example is
styrene, which is generated from pyrolysis of both SBR and diesel exhaust particles (Pierson and Brachaczek
1974[19]), The tyre polymers and pyrolysis fragment dimers used for quantification of TRWP are shown in

Figure 1.
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Polymer Formula Dimer
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Figure 1 — Dimeric pyrolysis products of tyre rubber polymers

5 Reagents and materials

Use only reagents of recognized analytical grade.

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

Chloroform, analytical grade. (non-deuterated CAS 67-66-3 or deuterated CAS 865-49-6)
Helium, purity 99,999 5 % by volume. (CAS 7440-59-7)

Potassium hydroxide 10 % (100 g/1), purity >86 % by volume. (CAS 1310-58-3)
Purified water, Type I ultrapure.

Deuterated poly(1,4-isoprene) (d-IR), for internal standard.

Deuterated polystyrene polybutadiene (d-PSPB), for internal standard.

Poly(1,4-isoprene) rubber (IR) (CAS 9003-31-0), for calibration polymer.

Styrene-butadiene rubber (SBR), for calibration polymer.

6 Apparatus

6.1

Soil or sediment sampling — Equipment and consumable supplies.

6.1.1 Sampling device.

The sampling device shall be suitable for the collection of soil or sediment samples. Suitable devices include
pre-cleaned stainless steel hand trowels, coring tools, or clamshell dredge devices. The collection of a
sediment sample with a clamshell dredge device is illustrated in Figure 2.
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NOTE Photo courtesy of Stantec Consulting Services, Inc.

Figure 2 — Collection of sample with clamshell dredge device

6.1.2 Sample containers.

Samples shall be collected in clean sample containers supplied by the laboratory, or clean sample container
handled in a manner consistent with laboratory standard operating procedures. The placement of a soil
sample into a sample container with a trowel is illustrated in Figure 3.

NOTE Photo courtesy of Consulting Services, Inc..

Figure 3 — Placement of sample in container with trowel

6.2 Equipment for analysis.

6.2.1 Laboratory oven, for drying field collected sample(s) in a suitably clean laboratory-supplied
container.

6.2.2 Sieve, for removing large aggregates unsuitable for the pyrolyser unit. The nominal opening for dry
sieving shall be 1 mm as specified in ISO 3310-1.
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