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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
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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.[3] The elastomeric fraction in TRWP contained in PMz 5
or PMyg is quantified in this document by direct pyrolysis-GC-MS analysis of a sample filter. Mass can
be expressed on the basis of the rubber polymer, tyre tread, or TRWP. This method has been used to
measure the airborne concentration of TRWP in the PM1¢ fraction for three geographically separated
regions.[4] The TRWP concentration in soil and sediment has also been characterized by a similar
method.[5¢

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,@nd isoprg¢ne
rubber. The polymer fragments generated by sample pyrolysis are subsequently separated by gas
chromatography and identified by mass spectroscopy. The TRWP mass concentrdtion 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.[6][Z] Repeatability is achieved by the use‘of a deuterated interhal
standard pf similar polymeric structure to the tyre tread polymers. The internal standard corrects ffor
variable analyte recovery caused by sample size, matrix effects, and temiporal variation in instrument
response.|The method is suitable for monitoring changes in ambient’dir TRWP concentrations over a
specified averaging time.
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Ambient air — Determination of the mass concentration
of tire and road wear particles (TRWP) — Pyrolysis-GC-
MS method

WARNING 1 — Persons using this document should be familiar with normal laboratory practice.
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Thlis document specifies a method for the determination of the “airborne concentration
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Thiis document establishes principles for air sample collection, the generation of pyrolysis
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RNING 2 — Certain procedures specified in this document may involve theuse or g
substances, or the generation of waste, that could constitute a local enyironmentad
ference should be made to appropriate documentation on safe handling,and disposal

Scope

ss concentration (pg/g) and mass fraction (%) of tyre and road wear particles (TRWP) i
Fticulate matter (PM) samples.

m the sample, and the quantification of the generatéd polymer fragments. The quantifie
ss is used to calculate the fraction of tyre tread in’PM and concentration of tyre tread in
hntities are expressed on a TRWP basis, which includes the mass of tyre tread and mass of
Crustations, and can also be expressed on a tyfie rubber polymer or tyre tread basis.

sample collection is on quartz fibre filters with size-selective input in a range of PM3 5 or
thod is suitable for the determination of TRWP in indoor or outdoor atmospheres.

Normative references

following documents ate)referred to in the text in such a way that some or all of the

Hated references, thelatest edition of the referenced document (including any amendment
4225, Air quality>— General aspects — Vocabulary

7708:1995, 4ir quality — Particle size fraction definitions for health-related sampling

Terms and definitions

d with its
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bneration
1 hazard.
after use.

(ng/m3),
n ambient

[ragments
1 polymer
air. These
road wear

PM19. The

ir content

titutes requirements‘of this document. For dated references, only the edition cited applies. For

5) applies.
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ing apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp

3.1
ambient air
outdoor air to which people, plants, animals, or material may be exposed
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averaging time
interval of time over which the air quality has been expressed as an average

3.3

continuous sampling

sampling,

3.4

without interruptions, throughout an operation or for a predetermined time

deuterated compound

compound-containing at least one deuterium (E) molecule

3.5

deuterium

minor and stable isotope of hydrogen with one proton and one neutron

3.6

internal standard

compound added to a sample in a fixed amount that is nearly identical to the farget analyte used|
correct fof instrument drift and matrix interference

3.7

measurement period

interval of time between first and last measurement

3.8

monitoring

repeated measurement to follow changes over a period of tirie

3.9

natural l;lilckground concentration

concentraftion of a given species in a pristine air mass in which anthropogenic emissions are negligilj
3.10

particle derodynamic diameter

diameter pf a sphere of density 1 g/cm3 with the same terminal velocity due to gravitational forcq i
calm air af the particle, under the prevailing conditions of temperature, pressure, and relative humidi
3.11

particle

small disdrete mass of solid‘orliquid matter

3.12

particulate matter =2,5 pum

PM2 5

airborne partigles (3.11) passing a size selective inlet with 50 % efficiency cut-off at a part
aerodynamic’diameter (3.10) of 2,5 pm

Note 1 to entry: See Thoracic Convention in ISO 7708:1995, Clause 6.

3.13
particula
PMjo

te matter — 10 pm

to

cle

airborne particles (3.11) passing a size selective inlet with 50 % efficiency cut-off at an aerodynamic
diameter of 10 um

Note 1 to entry: See High-Risk Respirable Convention in ISO 7708:1995, Clause 7.
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3.14

pyrolysis analysis

decomposition of organic polymeric molecules into characteristic fragments separated by gas
chromatography and quantified by mass spectroscopy

Note 1 to entry: The principle of sample decomposition is the application of thermal energy to a sample
encapsulated in a pyrolyser in the absence of oxygen. Secondary reactions are minimized by rapid heating of the
pyrolyser to the target temperature.

3.15
sampling time
interval of time over which a single sample is taken

3.16

tyre and road wear particles
TRWP

diqcrete mass of elongated particles (3.11) generated at the frictional interface-between the tifead of the
tyre and the roadway surface during the service life of a tyre

Note 1 to entry: The particles consist of tyre tread enriched with mineral-encrustations from the roadway
sutface.

3.17
theracic convention
mdss fraction of inhaled particles (3.11) which penetrate beyond the larynx

3.18
respirable convention
tanget specification for sampling instruments when'the respirable fraction is of interest

4 | Symbols and abbreviated terms

4.1 Symbols of units (see also 1SO'4226)

ug microgram (10-6 gram)

cil centimeter (1072 meter)

m3 cubic meter

cm? squanecentimeter

ugym3 microgram per cubic meter

4.2 Abbreviated terms

BdD vinylcyclohexene (butadiene dimer)
d-BdD deuterated butadiene dimer

d-IpD deuterated isoprene dimer

d-PI deuterated polyisoprene

d-PB deuterated polybutadiene

BR butadiene rubber

GC-MS gas chromatograph/mass spectrometer

© IS0 2017 - All rights reserved 3
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IpD
IR
LOD
LOQ
PM

PM3 5

dipentene (isoprene dimer)
isoprene rubber

limit of detection

limit of quantification

particulate matter

)

PMjo
NR
SBR

TRWP

5 Prin

Tyre treag
fragment
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correct fo
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airhaorne narticles with an serodunamic diameterlessthan 2 5 um
r J 7 Ligd

airborne particles with an aerodynamic diameter less than 10 pm
natural rubber
styrene-butadiene rubber

tyre and road wear particles

ciple

| polymer is quantified using internal standard calibration ahd the peak area of characteris

tic
cts

ions corresponding to dimers of the raw polymer. The“thermal decomposition produ
nked natural rubber (NR), styrene-butadiene rubbér, (SBR), and butadiene rubber (

fyclohexene. NR is associated with isoprene monomer and dipentene (isoprene dimer).

bstances are sources of the monomer markers.[6] Therefore, the monomeric pyrolysis mar
Is are subject to interference from non-TRWP environmental sources and are not suitable
tion of TRWP mass or fraction in air Ore well-known example is styrene, which is generaf
lysis of both SBR and diesel exhaiist particles.[8] The tyre polymers and pyrolysis fragm
ed for quantification of TRWP are’shown in Figure 1.

dure relies on deuteratedchomopolymer internal standards to increase the precision g

ntical to the target analyte, but with sufficient differences in mass or functional groups
hinated from the target analyte by the analytical method. The internal standard is used
' matrix effects that affect polymer pyrolysis and fragment recovery. This correction is ma
Fing the instrument response for the internal standard of known amount to the instrum
for the target analytes. The internal standard also corrects for changes in the m
bter ion source condition and fluctuations in carrier gas flow rates. The internal standards

H polyisoprene (d-PI) and deuterated polybutadiene (d-PB), which are polymers labelled w

of d-PI anri

stable hydrogen isotope deuterium. The pyrolysis-GC-MS thermal decomposition produ
d3PB are discriminated based on retention time and mass to charge ratio (m/z) from

bf the measured TRWP concentration. An internal standard is a chemical compound that

R)

depend on the abundance of polymers in the sample. SBR pyrolysis generates butadiene,
hexene (butadiene dimer), and styrene, wherea§ BR generates only butadiene monomer

he

bments have good specificity for rubber polymers, whereas both anthropogenic and natujral

ker
for
ed

ent

nd

is
to
to
de
bnt
NSS
hre
ith
cts
he

dipentene

and vinylcyclohexene markers associated with NR and SBR/BK, respectively.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=304b581060ae0facaafe417ce9818833

Polymer Formula Dimer
® P
|
CH,-CH=CH,)(CH-CH,);
n
SBR Vinylcyclohexene

3

ISO/TS 20593:2017(E)

+CH2-CH:CH-CH2

J

BR Vinylcyclohexene
=
CH,
CH,-C=CH-CH,
n
NR dipenténe

6 | Reagents

Figure 1 — Dimeric pyrolysis products of tyre rubber polymers

Dulring the analysis, use only reagents of recognized analytical grade.

WARNING — Use the reagents in accordance with the appropriate health and safety reg

6.1 Chloroform, analytical grade.

6.2 Helium, purity 99,999 5 %.

7 | Apparatus

7.1 Air sampling— Equipment and consumable supplies

7.1.1 Quarfzfibre filter.

A #7-mm-quartz fibre filter consisting of woven filaments is required for compatibility
pyfolysis-GC-MS method. The filter should be suitable for PM3 5 or PMj9 measurement by f

apprepriate seal with the qnmpling device. The filters shall lie flat in the qamp]ing device

rulations.

with the
brming an

remaining

intact during handling. The filter selected shall be compatible with the ambient air particulate sampling
device. Quartz fibre filters are brittle and shall be handled with care for accurate mass measurement.
Preparation of the filter is not required, but the absence of contamination should be verified by at least

one blank filter analysis in accordance with 7.2.

7.1.2 Ambient air particulate sampling device.

The ambient air particulate sampling device shall be designed in a manner consistent with an identified

national or international guideline or reference method for the collection of PM samples.
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7.2 Specimen preparation laboratories

The specimen preparation laboratories and quartz fibre filters selected for analysis shall be sufficiently
free of contamination such that blank filter analyses demonstrate an absence of polymer as established
by the method detection limit. At least one laboratory blank analysis shall be performed for each type
of quartz fibre filter used for sample collection and following modifications to laboratory standard
operating procedures or equipment.

7.2.1 Gravimetric PM determination laboratory.

Samples D g polymer, qnd
particulatle contamination. Samples shall not be prepared for analysis until acceptable blank. fil
analyses Have been completed. The laboratory shall condition the quartz fibre filters in accordance wji
the natioral or international reference method identified in the collection of the PM3 5 or PMjg"samplle.

7.2.2 Pyrolysis analysis laboratory.

Samples ghall be prepared for pyrolysis analysis in an environment free of pelymer contaminatipn.
Samples shall not be prepared for analysis until acceptable blank filter analyseShave been completef.

7.3 Equipment for analysis

7.3.1 Ge¢neral

Prior to plyrolysis analysis, the total mass of PM collected onithe filter is determined gravimetricafly.
After detgrmination of PM mass, the destructive pyrolysis @nalysis is completed using an integrated
system consisting of a pyrolyser interfaced to a gas chrontatograph/mass spectrometer (GC-MS).

7.3.2 Pryecision analytical balance, for determination of total mass collected on the quartz filter gnd
operated In accordance with the national or interational reference method identified in the collect{on
of the PM25 or PM1p sample. Measurements-shall be conducted in an environment of controlled
temperatyre and humidity. The balance shall:be maintained, calibrated and certified in accordance wjith
the manufacturer’s recommendations.

7.3.3 Pyrolyser, operated at a terhperature of 670 °C for 5 s in a helium atmosphere with an induct{on
time of le$s than 0,2 s. A single-use’or reusable sample holder shall be selected in accordance with the
manufacturer’s recommendation! Examples of pyrolyser systems are provided in ISO 7270-1 and inclyde
micro-furpace with quartztube, Curie-point with holder, and platinum filament with holder. An example
of one typE of pyrolyser that’can be used is described in Annex B.

7.3.4 G3s chromatograph/mass spectrometer, operated and maintained in accordance with
the manufacturer®s ‘instructions, with a split ratio suitable for the sample density, and pyrolysis{GC
interface and«ransfer line temperature maintained at 300 °C. A DB-5MS equivalent ultra inert colujn
(30 m x 0,25mm i.d.,, 1 pm film thickness) shall be used to separate the pyrolysis products. The initial|GC
temperature shall be 50 °C for 5 min followed by heating to 300 °C at a rate of 25 °C min- 1. The MSshall
be operated in scan mode with m/z range of 35 to 500 and tuned using perfluorotributylamine at m/z
=69, 212, and 502 prior to each analysis sequence in accordance with the manufacturer’s instructions.

7.4 Consumables

7.4.1 Pyrolyser sample holders, selected in accordance with the pyrolyser manufacturer’s
instructions and operated at a target temperature of 670 °C with a tolerance of +0,1 °C. An example of
one type of sample holder that can be used is described in Annex B.

6 © IS0 2017 - All rights reserved
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The nominal surface area of the 47-mm quartz filter is 11,94 cm?2, of which a fraction of approximately
3,98 cm? is analysed to allow for multiple destructive pyrolysis measurements from the sample. The
range of SBR/BR polymer that can be determined for a filter specimen area of 3,98 cm? is approximately
0,1 pg to 25 pg, and the range of NR polymer that can be determined on the filter is approximately
0,03 ug to 12 pg. Assuming a total volume of air of 24 m3, this mass range corresponds to a TRWP
concentration range in ambient air of approximately 0,06 pg/m3 to 13 pg/m3. Assuming a total PMp 5
or PM1g concentration of 20 pug/m3, the measurement range of mass fraction of TRWP to PM ranges
from 0,3 % to 50 %.

9
Th

fra

un
of
T

Limit of detection

e TRWP limit of detection (LOD) depends on the volume of air drawn through thefilter, as ¥
ction of the total filter pyrolysed. In practice, sampling constraints and the capacity of the
t determine the lowest achievable LOD. For nominal conditions of 24 m3 Qir; "area of filte
8,98 cm3, and a total PMp 5 or PM1g concentration of 20 pg/m3, the LOD iS-approximately 0

P in air. For the same nominal conditions, the minimum detectable mass fraction of TRW|

or PM1¢ is 0,3 %.

Thee LOD can be lowered by analysing an increasing fraction of the'total sample filter, or by

gre

us
or
an
eli

Sp

1(

10

Th
thi

h
Zoﬁe

tay
ling

bater volume of air through the filter. The analysis of an incréased filter surface area may r
e of sequential pyrolysis with cryogenic cold trapping priorto GC-MS analysis. A LOD of 0
Jower, and minimum mass fraction of TRWP to PM3 5 ox PM1¢ of 0,1 % or lower may be ach|
hlysis of the total filter. The lower LOD, however, requibes destruction of the entire filter in
minating the possibility of repeat or future analysisof the sample.

target TRWP detection limit shall be determmined as part of the sampling plan prior
ction. The sample plan shall specify field@nd laboratory conditions sufficient to ensur
get detection limit satisfies the sample campaign goals and objectives. A sample-specific
it shall be calculated based on the conditions of the analysis. The detection limit calcul
pcified in 11.3.

Procedure

.1 General

e method is defiped for 47-mm or similar quartz fibre filters suitable for PM3 5 or PM1¢ dete]
ough which a&nown volume of air is drawn. The sample collection and laboratory pyroly

procedure consists of the following six steps described in 10.2 to 10.7:

a)
b)
‘)
d)
e)
)

sample’eollection with quartz filter;

déuterated compound internal standard preparation;

well as the
pyrolysis
r analysis
06 pg/m3
P to PM3 5

drawing a
bquire the
02 pg/m3
ievable by
pyrolysis,

to sample
e that the
detection
htions are

rmination
sis-GC-MS

calibration curve preparation;
sample preparation;
sample pyrolysis with polymer decomposition under defined thermal conditions;

dimer measurement using GC separation and MS.

10.2 Sample collection

The ambient air particulate sampling shall be performed in a manner consistent with an identified
national or international guideline or reference method for the collection of PM3 5 or PM1p samples.
The selected sample collection reference method or guideline shall be valid for determination of PM3 5

©lI
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or PM1g in accordance with the definition of thoracic convention and high-risk respirable convention,
respectively, as defined in ISO 7708. Examples of suitable methods for PM2 5 and PM1p measurement
include United States Environmental Protection Agency 40 CFR Part 50, Appendices ][9] and L,[10] as
well as the European Committee for Standardization (CEN) European Standard EN 12341.[11]

An airborne particulate sample is collected from ambient air on a 47-mm quartz fibre filter. The
selected guideline or reference procedure shall consist of the collection of a measured air volume by
continuous sampling over a specified time and measurement period. A quartz filter is specified because
it is thermally stable and does not interfere with the detection of rubber pyrolysis fragments generated
by pyrolysis. The quartz filter is selected and conditioned in accordance with the identified reference

hdf dol P, Wal| i | b b g1 el £, 1. 1.1 1 - dn et 1 D1
met (0] gratrcast o0 IT dC KITOWIT LCIHIPTIAlUIrc aiitd IIUIIIIUIt y ' TUI TTIIdDUIT UTLTTHITIIIAUUIN U tUL4dl 'L 110

and PM3 5

The quartz fibre filters shall be handled with care to prevent disruption of the sample media prior| to
pyrolysis pnalysis.

10.3 Deyterated internal standard preparation

Deuterated standards d-PI (1,4-d8) and d-PB (1,4-d6) of known purity shall\be obtained prior|to
analysis ($ee Table 1). The purity of the standards shall be sufficiently high to prevent interference for
TRWP sarpple concentrations at or above the detection limit or reporting limit of the analysis.

A recipe fpr stock internal standard solution preparation that should\be used is specified in Annex A.
Alternative recipes may be used to meet the objectives of the analysis. To prepare the stock solutions,
raw d-PI pr d-PB polymer is weighed and placed in a graduated‘flask. Chloroform shall be poufed
to two-thjrd of the total volume specified in the recipe and:allowed to settle overnight to achig¢ve
complete |dissolution. Immediately prior to analysis, chloroform shall be added to achieve the tqgtal
volume specified in the recipe. The raw polymers should be dissolved in chloroform prior to the day of
analysis tp ensure sufficient time for dissolution. The stability of the internal standard solution shalllbe
determingd.

Table 1 — Pyrolysis-GC-MS polymers, markers and internal standards

Attribute Tyre polymer

NR SBR, BR
Pyrolysis marker Dipentene Vinylcyclohexene
Pyrolysis marker retention timea 9,7 77
(min)
Target m/¢ of marker 68 54
Diagnosti¢ m/z of marker 136 108
Internal standard d-PI (1,4-d8) d-PB (1,4-d6)
Target m/% of internal standard 76 60
Calibratioh polymer IR SBR1500
Calibratiomrpoirts® 247812 12751025
(ug)
a  Retention times are approximate and may vary from the values presented.
b Alternative calibration points may be used to meet the objectives of the analysis.

10.4 Calibration curve preparation

10.4.1 Stock solutions

Stock chloroform solutions of raw polymers including synthetic isoprene rubber (IR) and SBR shall
be prepared for the calibration curves. A recipe for stock internal standard solution preparation that
should be used is specified in Annex A. Alternative recipes may be used to meet the objectives of the

8 © IS0 2017 - All rights reserved
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analysis. To prepare the stock solutions, raw IR or SBR polymer is weighed and placed in a graduated
flask. Chloroform is poured to two-thirds of the total volume specified in the recipe and allowed to
settle overnight to achieve complete dissolution. Immediately prior to analysis, chloroform is added
to achieve the total volume specified in the recipe. The chloroform solution is added to the sample
holder by micropipette and evaporated to dryness at room temperature for 30 min. The stability of the

internal standard solution shall be determined.

10.4.2 Calibration curves

An internal standard calibration shall be prepared by least squares regression with quadratic fit

aciordmg to the instrument conditions described 1n /.3. Synthetic IR 1s used as a surreg
calibration curve preparation. SBR1500 rubber is used as a surrogate for SBR/BR tread, ry
mdss of polymer analysed for the calibration samples should be 1 pg to 12 pg for IR and’1 p
forSBR1500 (Table 1). Alternative calibration points may be used to meet the objectives of th
Thee lower limit of calibration shall be equal to the limit of quantification (LOQ)-for the md
indtrument signal to noise ratio (S/N) shall be equal to three at the LOD and-greater than g
five at the LOQ.

Th
asja function of the amount ratio using a quadratic regression. Thelre¢sponse ratio is the r
inlegrated peak area of the molecular marker to the integrated {peak area of the internal
The amount ratio is the ratio of the mass of the calibration standard to the added mass of th
stgndard.

Thie acceptance criteria for the calibration curves is axeoefficient of determination (R2)

eqpal to 0,99. Instrument software should be used to*quantify peak areas of the deuterate
stgndards and molecular marker compounds. Peak(@reas shall be individually inspected f
control. Stock solutions shall be replaced no more than six months after initial preparation.
cufve standards shall be monitored by comparison to the initial calibration. The acceptance g
calibration curves shall be a percent drift ofless than 20 % before and after each analysis se

Formula (1):
d=(mc-my) / mex 100

wlere

d isdrift (%);

mc is the theoretical mass of continuing calibration verification standard;
m¢  is the'measured mass of continuing calibration verification standard.

Fré
ex

bsh calibtation curve standards shall be prepared prior to each new analysis sequence
reeds.20%.

Sample calibration curves and pyrograms are provided in Annex C.

hte in the
bber. The
o to 25 g
b analysis.
thod. The
r equal to

internal standard calibration curves are generated by plotting~the peak area respgnse ratio

htio of the
standard.
e internal

breater or
d internal
or quality
alibration
riteria for
ries, using

(D

or if drift

10.5 Sample preparation

10.5.1 Filter conditioning

The quartz filter shall be conditioned in accordance with the identified reference method for total
PM3 5 and PMjg prior to post-measurement of weight by precision analytical balance. No additional pre-

treatment of the sample filters is required.
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10.5.2 Total PM2 5 and PM1y

Total PM3 5 or PM1p mass quantities shall be determined according to the identified reference method.
The following quantities shall be recorded:

a) identi

ty of PM32 5 or PM1¢ reference method;

b) reference method conditions;

c) sample air volume from field report (m3);

d) filter
e) filter
f) PMm|

Te-Welgt(2;
post-weight (g);

hss (mg).

10.5.3 Ffilter preparation

After dete
is prepare
shall be aj
holder forj

10.5.4 In

The interﬁ)al standards d-PB and d-PI shall be added to the sample in the same mass amounts as uged

in the cal
solution fi
sample by

10.6 San

The samp,
equipme

performe
maintena

10.7 San

The follo
fragment;s

rmination of total particulate matter at the selected cut point, the quartzair filter sub-sam

ple

d by cutting out specimens from the filter. The fraction of the filter prepared for analysis

ppropriate for the pyrolyser and GC column split ratio. The specimens are placed in a sam
analysis in the pyrolysis unit.

ternal standard addition

ration curve preparation. The mass addition is 76 pg of d-PB and 10 pg d-PI in chlorofo
br the typical calibration points shown in Annex*A. The chloroform solution is added to
micropipette and evaporated to dryness at room temperature for 30 min.

1ple pyrolysis

ple

rm
he

e holder shall be placed in the pyrolyser for thermal decomposition analysis. The pyrolysis

and instrument conditions, are described in 7.3.3. Equipment maintenance shall
I in accordance with the manufacturer’s instructions. A record of analysis and equipm
ce shall be maintained in"ajpermanent log.

1ple measurement

lving tyre polymer and internal standard deuterated polymer thermal decomposit
generated by .the pyrolyser shall be quantified by GC-MS:

a) dipentene (IpD) from NR;

b) vinyld

ycléhexene (BdD) from SBR and BR;

be
ent

on

c) deute

i I 1 £1 1 DN ¢ 1 Dy
diCU IS0PITIIc Ulch (U=1puj 110l u=ri,

d) deuterated butadiene dimer (d-BdD) from d-PB.

The GC-MS equipment and instrument conditions are described in 7.3.4. Equipment maintenance and
equipment tuning shall be performed in accordance with the manufacturer’s instructions. A record of
analysis and equipment maintenance shall be maintained in a permanent log. The GC-MS equipment
shall be well maintained to ensure reliable results and the calibration curve shall be verified before and
after each analysis series. The mass to charge ratio for the thermal decomposition products is specified

in Table 1.

10
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The mass and concentration of TRWP in PM is determined by using the GC-MS pyrograms of the dimer
fragments, IpD and BdD. The sample analysis consists of the following five calculations described
in 11.2 to 11.6, Annex D, and Annex E:

a)
b)
‘)
d)
e)
1

T
VO

1
Th

meg

us
de

the
concentration specified in 11.2. The formulae for the calculation of target and sample TRWP|
ling

1

The mass of polymer in the~sample referenced to the SBR1500 or IR polymer standards

ca

Th
on

1S (

SB

tal

total PM3z 5 or PM1¢ concentration;

—TRWPdetectiom it
quantity of tyre polymer in the sample;
air concentration of TRWP;

mass fraction of TRWP in the sample.

ILZ Total PM3 5 or PM1o concentration
h|

total PM3 5 or PM1g concentration in air in units of pg/m3 shall\be’calculated using the §
ume (m3) and PM mass (mg) according to the selected reference;method.

ILB TRWP detection limit

polymer detection limit (pg/filter) shall be estimated based on the instrument S/N
thod detection limit studies as specified in 10.4.2yand 12.3. The polymer detection lim
bd to calculate the minimum detectable TRWP*Concentration in units of pg/m3, and the
ectable mass fraction of TRWP in PM (%) or mass concentration of TRWP in PM (ng/g). Cal
mass fraction or mass concentration of TRWP in PM requires the calculated average PM>

its are specified in Annex D.

forn
ing

4 Quantity of tyre polymer'in the sample

culated by instrument (software using the calibration curve and the ratio of instrument
the target compound, to that of internal standards spiked into the sample. Peak area|
ividually inspectedfor quality control.

e mass of tyre‘polymer collected on the sample filter is initially expressed as SBR1500 an
the use of these polymers in the preparation of the calibration curve. The mass expressed aj
onverted to a tyre polymer basis as SBR/BR using the market share average styrene conte
R/BR, as*compared to the styrene content in SBR1500. The mass expressed as IR polym
fendofrepresent NR mass from tyre polymer. The formula and parameter values for calcy

ample air

ratio and
t shall be
minimum
tulation of
|5 or PMqo
detection

should be
response
s shall be

1 IR based

SBR1500
htin tread
b mass is
lating the

anj

ount of SBR/BR tyre polymer in the sample (ug) from the instrument determined poly

mer mass

expressed as [R'and SBRT1500 is provided in E.Z.

11.5 Air concentration of TRWP

To express the result on the basis of TRWP, the polymer mass quantified by GC-MS is adjusted to
account for the

a)
b)

c)

market share ratio of SBR to BR,
mineral encrustation composition of TRWP, and

fraction of the filter analysed.

© IS0 2017 - All rights reserved
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The TRWP concentration in the ambient air PMz 5 or PM1g fraction shall be calculated in units of pg/m3

using the

formula and parameter values shown in E.3.

11.6 Mass concentration of TRWP

The mass of TRWP in PM3 5 and PMg shall be expressed as mass fraction (%) and mass concentration

(ng/g) using Formula (E.3).

12 Performance characteristics

12.1 General

The instr

hments used in this procedure shall be operated in accordance with the mafiufacture

r’s

instructions. The analytical method shall be performed under a continuous quality contrplprogramine.

The qualify control programme should employ the use of standard samples and blanksamples.

12.2 Spdqcific performance characteristics

A midpoint calibration curve check shall be analysed before and after each’/analysis series to ver

recovery
range for
specified

implemenited if the percent drift exceeds 20 %.

12.3 Method detection limit

A method

for conditions described in this protocol. As described in Clause 9, the detection limit for TRY
concentraftion depends on the volume of air drawn through the filter, and the detection limit for

mass frac

An altern
method d

13 Test
The testr
a) arefe

b) ident

c) identification of the sample;

within 80 % to 120 % of the known polymer spike amount,The target spike recovq
matrix spike analyses is 80 % to 120 %. Corrective action{when recovery is outside of
range includes instrument maintenance and preparation-effresh calibration curves shall

detection limit for SBR1500 and IR of 0,1 pgiand 0,03 pg, respectively has been establish

fion of TRWP to PM3 5 also depends on the airborne concentration of PM.

ate method detection limit for(the rubber polymers may be established by performin

freport

bport shall include’at least the following information:

rence to this.document, i.e. ISO/TS 20593;

fication-of client;

ify
by
he
be

ed
W P
he

e

o]

btection limit study. The instrument S/N ratio shall be equal to three at the LOD and greater
than or edual to five at the LOQ.

d) date and time of sampling, and necessary sampling data;

e) identity of analyst;

f) any procedure not specified in this document, or regarded as optional;

g) equipment and experimental conditions including GC-MS and pyrolyser conditions;

h) descr
i) descr

j)  descr

12

iption of stock calibration solutions;
iption of stock internal standard solutions;

iption of the IR calibration points;
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k) description of the SBR calibration points;
1) description of TRWP concentration calculation protocol;

m) summary of gravimetric test results for PM3 5 or PM1o analysis including sample ID, pre- and
post-filter weight, total mass of PM3 5 or PM1g on the filter, sample air volume, and PM3 5 or PM1g
concentration;

n) testresults for concentration of TRWP in PM3 5 or PM1g in units of air concentration (ng/m3), mass
concentration (pg/g), and/or mass fraction (%);

o) [ mass of polymers detected in blanks and other quality control data;

p) | supporting data including calibration curves and sample analysis GC-MS chromatogbamg. The test
report may contain the following optional supplemental information:

1) test results for concentration of elastomer in PMy 5 or PMjg in units"of air congentration
(ug/m3), mass concentration (pug/g), and/or mass fraction (%);

2) test results for concentration of tyre tread in PMz 5 or PMjgih units of air con¢entration
(ng/m3), mass concentration (ug/g), and/or mass fraction (%)

© IS0 2017 - All rights reserved 13
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Annex A
(informative)

Recipe for calibration curves and stock solutions

A.1 Gemerat

The following recipes should be used for preparation of stock calibration solutions and calibratiefi gurves.

A.2 Stoick calibration solutions

The recipg given in Table A.1 should be used for the stock calibration solutions ptepared in 100 m] of
chloroforn.

Table A.1 — Stock calibration solutions

Stock|calibration solution Mass of polymer per 100 ml of chloroform
mg
IR SBR
A-1 10 —
A-2 100 —
B-1 — 10
B-2 — 100

A.3 Stiock internal standard solutions

The recipg given in Table A.2 should be used for the stock internal standard solutions prepared in{10
or 100 mljof chloroform.

Table A2 — Stock internal standard solutions

Stock internal Volume of chloroform Mass of polymer
standard solution
ml mg
d=PI 10 10
d-PB 100 76

A.4  Calibration points for IR and SBR

The recipe given in Table A.3 and Table A.4 should be used for the stock internal standard solutions
prepared in 10 or 100 ml of chloroform.
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Calibration IR stock solu- IR volume d-PI volume Mass of IR Mass of d-PI
point tions added to sam- | added to sam- ug ug
ple holder ple holder
pL pL
IR-1 A-1 10 10 1 10
IR-2 A-1 20 10 2 10
IR-3 A-2 4 10 4 10
IR-4 A-2 8 10 8 10
IR-5 A-2 12 10 12 10
Table A.4 — Calibration points for SBR
Calibration | SBRstock | SBRvolume d-PB volume | Mass'of | Mass of
point solutions added to sam- | added to sam- SER d-PB
ple holder ple holder ug ug
ng ng

SBR-1 B-1 10 10 7,6

SBR-2 B-2 10 7,6

SBR-3 B-2 10 7,6

SBR-4 B-2 10 10 10 7,6

SBR-5 B-2 25 10 25 7,6

© IS0 2017 - All rights reserved 15
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Annex B
(informative)

Curie-point pyrolyser

B.1 Gemerat

A Curie-p
pyrofoil ¢
propertie

The folloy
pyrolyser

B.2 Sar

Pyrofoils

addition v
to each py
same mas
by microp

bint ferromagnetic pyrofoil is a metal alloy foil used to encapsulate the sample filter. 1
bnsists of an alloy that rapidly reaches a repeatable target temperature by loss of magns
5 upon induction heating.

ving conditions are representative of conditions for a Curie-point pyrolyser.“Other types
5 meeting the pyrolysis conditions specified in 7.3.3 are also suitable foy &he analysis.

hple preparation

D-mm in width with an induction heating temperature of 670,°C’shall be prepared for sam
Uith a foil crimper. Three approximately 1,327 cm?2 quartzaair filter specimens shall be add
rofoil. The internal standards d-PB and d-PI in chloroferm shall be added to the sample in {
s amounts as used in the calibration curve. The chloreform solution is added to the pyro
ipette and evaporated to dryness at room temperature for 30 min. The foil shall be clos

using a hand press.

B.3 Ins

B.3.1 Cy
pyrofoil s
width sha

trument conditions

frie-point pyrolyser, operating at pyrolysis conditions as specified in 7.3.3. The consuma
hall be selected in accordance with the manufacturer’s recommendation. Pyrofoils 9-mm
1 be folded with an appropriately sized foil crimper.

B.3.2 Gas chromatograph/mass spectrometer, as specified in 7.3.4.

B.4 Prg

The speci
closed by
samples i
in 7.3.3.

cedure

mens are plaeed in a Curie-point ferromagnetic pyrofoil. After placement, the pyrofoil is fold
a crimperyand placed in the pyrolysis unit for analysis. Rubber polymer in the particul
thermally decomposed at 670 °C with an induction heating time of less than 0,2 s as specif

he
tic

of

ple
ed
he
oil
ed

ble

ed
hte
ed

B.5 Precision

A method detection limit study for the Curie-point pyrolyser with BR or IR polymer spiked into a
reference matrix of clean silica sand indicated acceptable recoveries of 106 % for the butadiene dimer
marker and 83 % for the isoprene dimer marker with relative standard deviations of 7 % and 13 % for
BR and IR, respectively.[3]

16
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Annex C
(informative)

Representative calibration curves and pyrograms

:2017(E)

C.1

General

Thiis annex presents representative pyrograms and calibration curves for the SBR15(00 and IR
calibration standards with d-PI and d-PB as the internal standard. The pyrograms,aré pre
th¢ midpoint of the calibration curve prepared as specified in Table A.3 (IR-3) and Table A¢ (SBR-3).
ThE mass of calibration standard was 4 pg for IR and 5 pg for SBR1500. The massof deuteratgd internal
stgndard added to the calibration standard was 10 pg p-PI and 7,6 pg p-PB.

Representative calibration curves and pyrograms for air analyses are given below for t
SBR1500 calibration standards.

C.

Isoprene rubber

sented for

he IR and

A typical calibration curve for IR (Table A.3) is given in Figure C.1. The pyrogram for thg midpoint
calibration standard marker (IR-3; IpD) is given in Figure C.2 a), and the pyrogram for the associated

int
4,
€]

C.
A

mi
thd
SB
arg

ernal standard marker (IR-3; d-IpD) is given in Figure C.2 b). The amount ratio f
D pg IR)/(10 pg p-PI) = 0,40. The responsefratio for IR-3 is (3 982 904 IpD pe
768 503 d-IpD peak area) = 0,41.

B Styrene-butadiene rubber

fypical calibration curve for SBR1500 (Table A.4) is given in Figure C.3. The pyrogra
Hpoint calibration standard marker (SBR-3; BdD) is given in Figure C.4 a), and the pyr

R-3 is (5 pg SBR1500)/(7,6)'ug d-PB) = 0,66. The response ratio for SBR-3 is (662 500
ba) / (2 592 297 d-BdD peak area) = 0,26.

br IR-3 is
ak area)/

m for the
bgram for

associated internal standafid marker (SBR-3; d-BdD) given in Figure C.4 b). The amoun} ratio for

BdD peak

© IS0 2017 - All rights reserved
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IpD
Response Ratio

1.3 v

O e

0 0.2 0.4 0.6 ) 0.8 1 . 1.2
Amount Ratio

B =77, 36e~002 A*A + O.40e-001 A + 3.089e-002 +— )
oef of Det (r - 2) = 1.000 Curve Fit: Quadratic w(l/a)

):{athod Name: C:¥73_INERT¥0 CHMERISK¥1107114 IR _AIR.M -
Calibration Table Last Updated: Thu Jul 14 11:37:59 2011

Key
1 calibration curve midpoint (IR-3)
2 regression formula and coefficient of determination

Figure C.1 — Example calibration curve for IR
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Sample : STD-3

Misc

ISO/TS 20593:2017(E)

ALS Vial : 1 Sample Multiplier: 1

Quant Time: Jul 15 11:27:16 2011

Method : C:¥73_INERT¥O_CHMERISK¥110711A IR _AIR. M
Title : Isoprene

Update : Thu Jul 14 11:37:59 2011

Quant
Quant
QLast

Response via :

Initial Calibration

m/z——>

a) IpD peak fron?'IR calibration standard

[Abundance Ton 68.10 (67.80 to 68.80): 10711.03.D
Ion 136.20 (135.90 to 136.90): 10711.03.D

500000

400000 10133

300000

200000

l

100000 A<_ 2
Time——> 9.10 9.20 9.30 9.40 9.50 9.60 9.70 9.80 9.90 10.00 10.10 10.20 10.30 10.40 10.50 10.60 10.70 10.80 10.90 11.00°11.10711.20 11.30 11.40 11.40
Abundance o8

350000 ‘ 1

300000

93

250000

200000

150000

5000 79

100000 i - 107 121 136 4— 2

50000

o bl 148 164 G689 207 267 omy e
I ) e LR e —— jijj
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170,480 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 34
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Quant Time: Jul 15 11:27:16 2011

Quant Method @ C:¥73_INERT¥0_CHMERISK¥110711A IR _AIR. M
Quant Title : Isoprene

QLast Update @ Thu Jul 14 11:837:59 2011

Response via @ Initial Calibration

Abundance fon 76.10 (75.80 to 76.80): 10711.03.D
1200000
1000000

1024
800000 i‘

6(0000

440000 |

240000 |

2d|1
| o,\' ey e },],..,....“...,..v., ,,} S B e s o B
Timef-> 900 9.10 920 9.30 940 9.50 9.60 9.70 9.80 9.90 10.00 10.10 10.20 10.30 10.40 10.50 10.60 10.70 10.80 10,90 11.00 14:10 1120 11,30 11.40
AbunHance

76
840000 <—— 3

740000
640000 102
540000
440000

340000

152

86
58 134

20000 42 X 118

I
| |
140000 ; '
! 0], |68 u( IJ;:‘ 110,,11126, 1144 |\ 160168 181C¥al° 207 267 281 341
i il LR SARAE DARAS SRR BARM \ON:~ SARAS T v "

e f A A AR SARAE MARAY LIS IR SARA LARRE SARAY BASAL WAL AR S
m/z> 3040 50 60 70 80 90 100 110 120 130 140 150 160 170 480190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340

(=]

b) d-IpD peak from d-PI internal standard
Key
1 primafy IpD fragment (peak area response = 3 982 904; nominal m/z = 68,1)

2 secondary IpD fragment (nominal in/z = 136)

3 primafy d-IpD fragment (peak.area response =9 768 503; nominal m/z = 76,1)

F

.

gure C.2 — Pyrograms and mass spectra for IR calibration curve midpoint (IR-3)
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BdD
Response Ratio

1. 5—_ /

o e T

(AN 0.5 1 1.5 2 2.5 3
S Amount Ratio

“R o= 1.300=002 AkA + 4 01e=00] A + 4 130-003 e 2
Coef of Det (r"2) = 0,999 Curve Fit: Quadratic w(1/a)

Method Name: C:¥73_INERT¥0_CHMERISK¥110711A-1 BR_AIR. M
Calibration Table Last Updated: Thu Aug 04 17:01:20 2011

Key
1 calibration curve midpoint (SBR-3)
2 regression formula and coefficient of determination

Figure C.3 — Example calibration curve for SBR1500
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Quant Time: Aug 04 17:15:01 2011

Quant Method : C:¥73_INERT¥O_CHMERISK¥110711A-1 BR_AIR. M
Quant Title : Butadiene

QLast Update : Thu Aug 04 17:01:20 2011

Response via : Initial Calibration

Abundance
700000

(T

1
[ S R B o e o SNV o q .. = N — . S NS ¥ S —
me—-] 740 750 760 770 780 790 800 810 820 830 840 850 860 870 8.80 390 900 % 920 930
Abundahce «

600000

500000

400000

lon 54.10 (53.80 to 54.80): 10711_03.D
fon 108.10 (107.80 to 108.80):10711_03.D

300900
200400

100400

N a®

54.1 4+—

5000 79.1
4500
40900
3500
30900
25900
39.1
20900

15400

10400

5¢00

0 iy

XY S— $

A‘..!.}‘zg.g 147.3 1891 2069 Q\ 26492810 341.2 429.0

T

T T
360 380 400 420

T T T T T T
m/z— 40 60 80 100 120 140 180 180 ZOQ @0 240 260 290 300 320 _ 340

a) BdD peak fr@?%BRlSOO calibration standard
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