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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.
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Introduction

Short-chain chlorinated paraffins (SCCPs) (C;,-C;3; chlorine content > 48 %) are listed by the Stockholm
Convention on Persistent Organic Pollutants.

In Europe, according to REGULATION (EU) 2019/1021[] of the European Parliament and of the Council
of 20 June 2019 on persistent organic pollutants alkanes C;)-Cy3, chloro [short-chain chlorinated
paraffins (SCCPs)] (CAS no. 85535-84-8) as constituents of articles are prohibited. Articles containing
SCCPs in concentrations lower than 0,15 % by weight are allowed.

Furt

hermore, it hecame industrial practice to restrict alkanes (‘H-(‘17 known as m

dium-chain

chlof

SCCH
agen
with

The

inated paraffins (MCCPs) as well.

s and MCCPs are used as flame retardants in textiles, as plasticizers in polyméns-and
Ls in leather. SCCPs and MCCPs are an issue for textile manufacturers and retailers dug
n fabrics, coated fabrics, plastisol prints, buttons, leather patches, etc.

analysis of chlorinated paraffins is a great challenge. The technical’ compounds

complex mixtures of substances with different chain lengths and different chlorination (¢

chro
shor
degr
and
degr
ion t
(GC-I

matography (GC) separation of these mixtures show an overlappingpart of chain leng
' and middle chained) and of chlorination degrees, too. The responses of the different

MCCPs with a defined calibration standard of the most typical used mixtures (59 %
be for SCCPs and 55 % chlorination degree for MCCPs):and using four ion traces for SC

NCI-MS).

as finishing
to their use

are always
legrees. Gas
th (between
thlorination

bes vary in a big range. This document describes a procedur€ to get comparable results for SCCPs

rhlorination
"Ps and four

races for MCCPs with gas chromatography negative)ion chemical ionization mass spectrometry
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INTERNATIONAL STANDARD IS0 22818:2021(E)

Textiles — Determination of short-chain chlorinated
paraffins (SCCP) and middle-chain chlorinated paraffins
(MCCP) in textile products out of different matrices by use
of gas chromatography negative ion chemical ionization
mass spectrometry (GC-NCI-MS)

WARNING — This document calls for the use of substances/procedures that maybe iniurious to
the health/environment if appropriate conditions are not observed. It refers.only to technical
suitgbility and does not absolve the user from legal obligations relating to,health and safety/
environment at any stage.

1 $cope

This|document specifies a chromatographic method to determine the!amount of short-chain/ chlorinated
paraffins (SCCPs: C;,-C;3) and middle-chain chlorinated paraffinps (MCCPs: C14-C;7) in textile articles,
espefially in polymer of the coated fabrics, prints made of polymer and buttons made of golymer (e.g.
polyYyinylchloride) by means of solvent extraction and gaS<{chromatography negative ipn chemical
ioniZation mass spectrometry (GC-NCI-MS).

2 ormative references

The following documents are referred to in thetext 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
unddted references, the latest edition of the referenced document (including any amendments) applies.

IS0 4787, Laboratory glassware — Volumetric instruments — Methods for testing of capacity|and for use

3 Terms and definitions
No tg¢rms and definitions are listed in this document.

ISO gnd [EC maintain-terminological databases for use in standardization at the following dddresses:

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

— IEC Eleetropedia: available at http://www.electropedia.org/

The test specimens are extracted with toluene, followed by a sulfuric acid clean-up. The analysis is
carried out using GC-NCI-MS with a defined calibration standard and eight typical ion traces.

It shall be emphasized that this method is a method of convention. All steps shall be performed as
described. Variations in procedure induce deviant results.

5 Reagents

Unless otherwise specified, analytical grade chemicals shall be used.

5.1 n-Hexane, CAS no. 110-54-3.

© IS0 2021 - All rights reserved 1
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5.2 Toluene, CAS no. 108-88-3.

5.3 Internal standard (IS) Solution A: Lindane, CAS no. 58-89-9 as internal standard in solution (IS),
about p = 100 pg of IS/ml in n-hexane.

5.4 IS Solution B: Dilute IS Solution A (5.3) 1 to 50. Lindane, CAS no. 58-89-9 as internal standard in
solution (IS), about p = 2 pg of IS/ml in n-hexane.

5.5 Concentrated sulfuric acid (p = 1,84 g/ml at 20 °C), CAS no. 7664-93-9.

5.6 Standard solutions

5.6.1 SCCPs 55,5 % chlorination degree (Cl), CAS no. 85535-84-8, technical grade, p,= 200 pg/ml
cyclohexane

5.6.2 SCCPs 63 % Cl, CAS no. 85535-84-8, technical grade, p = 100 pg/ml cyclohexane.
5.6.3 MC(Ps 52 % Cl, CAS no. 85535-85-9, technical grade, p = 100 pg/ml €yclohexane.
5.6.4 MC(Ps 57 % Cl, CAS no. 85535-85-9, technical grade, p = 100,4fg/ml cyclohexane.

NOTE Commercial solutions are available on the market.

6 Apparptus

The usual laboratory equipment and laboratory glassware, according to ISO 4787, shall be usqd, in
addition to the following.

6.1 Pipettes, in required sizes and variable-pipettes.

6.2 Analytical balance, with a precision of at least 1 mg.

6.3 Glassvials, tightly sealable-with lids suitable for solvent extraction, e.g. 20 ml.

6.4 Glass|GC-vials, tightly'sealable with lids suitable for sulfuric acid clean-up, e.g. 2 ml.
6.5 Ultragonic bath, with controllable heating capable of maintaining a temperature of about 60°C.

6.6 Evapqration apparatus, such as heating block with a controlled flow of gas over the liqujiid or
vacuum rotgr{zevaporator with vacuum control.

6.7 Membrane filter, pore width 0,45 pm.
6.8 Vortex agitator.

6.9 Shaker, ensuring an efficient mixing of the phases.

NOTE Horizontal shaker with minimum frequency of 5 s, path length 2 cm to 5 cm has been found suitable.

6.10 Gas chromatograph coupled to a negative chemical ionization mass selective detector (GC-
NCI-MS) system.

NOTE A description of the chromatographic equipment is given in Annex B.

2 © IS0 2021 - All rights reserved
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7 Preparation of test specimens

The test specimen shall consist of a single material type (e.g. textile, polymer, etc.), which is tested
separately.

Cutt

NOTE

consi

8 1

8.1

Aboy
(6.3)

add more solvent (5.2) and report the final volume for calculation of SCCP§Jjand MCCPs ar

the
(6.5)

8.2

Evap
resid
filtra
its ¢
diffe
(6.4)
sepa
vial,

8.3

8.3.1

Tran
solut]
marH

8.3.2

Tran
(5.6.]
n-he

he homogenous material samples into pieces of about 0,3 cm to 0,5 cm edge length.

deration the limits of detection and quantification.

Procedure

Up to 3 test specimens (of equal mass) of the same material type can be tested together taking into

Extraction of test specimen

t (0,50 + 0,01) g test specimen is weighed with the analytical balance (6.2).into a se:
Add 5 ml toluene (5.2). If the test specimen is not sufficiently immersed-inthe extrac

essel tightly and extract the test specimen at about 60 °C for (60 £ 5) min in an ulti
Cool down to room temperature (less than 27 °C).

Sulfuric acid clean-up

orate 2 ml of the toluene extract (8.1) to dryness, add*2 ml IS solution B (5.4). Re
ue by agitating for 30 s in the vortex agitator (6.8)\0r for 5 min in the horizontal j
te the solution through a membrane filter (6.7). IS solution shall be added after extracf
ncentration can be affected by the extraction it different ways than SCCPs/MCCPs
Fent chemical properties). Take 1 ml of the filtrate and add 0,5 ml sulfuric acid (5.5) if
shake for 30 min with horizontal shaker. Attefficient mixing of the phases shall be en|
Fation of the phases (optional centrifugation) put 0,5 ml of the upper phase (n-hexane)
Keal the vial and analyse the extract,

Preparation of the calibration solutions

Preparation of SCCPs calibration solution (5 pg/ml) with 59 % Cl

sfer 53,3 ul of SCCPs 55,5 % CI standard solution (5.6.1) and 46,7 ul SCCPs 63 %
ion (5.6.2) into a 2hil volumetric flask. 40 ul IS solution A (5.3) is added and the flas
L with n-hexane(521).

Preparation of SCCPs calibration solution (50 pg/ml) with 59 % Cl

sfer,533 ul of SCCPs 55,5 % Cl standard solution (5.6.1) and 467 ul SCCPs 63 % Cl stand|
D)-into a 2 ml volumetric flask. 40 pl IS solution A (5.3) is added and the flask is filled t

1lable vessel
tion solvent,
nount. Close
rasonic bath

dissolve the
haker (6.9),
ion because
due to their
1 a glass vial
sured. After
nto another

Cl standard
k is filled to

ard solution
o0 mark with

8.3.3

ane (5.1)

Preparation of SCCPs calibration solution (75 pg/ml) with 59 % Cl

Transfer 800 pl of SCCPs 55,5 % Cl standard solution (5.6.1) and 700 pl SCCPs 63 % Cl standard solution
(5.6.2) into a 2 ml volumetric flask. 40 ul IS solution A (5.3) is added and the flask is filled to mark with
n-hexane (5.1).

8.3.4 Preparation of MCCPs calibration solution (5 pg/ml) with 55 % Cl

40 ul of MCCPs 52 % Cl standard solution (5.6.3) and 60 pl MCCPs 57 % Cl standard solution (5.6.4)
put into a 2 ml volumetric flask. 40 pl IS solution A (5.3) is added and the flask is filled to mark with
n-hexane (5.1).

© ISO

2021 - All rights reserved


https://standardsiso.com/api/?name=1134b1c3bcbc5f420f14e2f4941aab2c

IS0 22818:2021(E)

8.3.5 Preparation of MCCPs calibration solution (50 pg/ml) with 55 % Cl

400 ul of MCCPs 52 % Cl standard solution (5.6.3) and 600 pul MCCPs 57 % Cl standard solution (5.6.4)
put into a 2 ml volumetric flask. 40 pl IS solution A (5.3) is added and the flask is filled to mark with
n-hexane (5.1).

8.3.6 Preparation of MCCPs calibration solution (75 pg/ml) with 55 % Cl

600 pl of MCCPs 52 % Cl standard solution (5.6.3) and 900 pul MCCPs 57 % Cl standard solution (5.6.4)
put into a 2 ml volumetric flask. 40 pl IS solution A (5.3) is added and the flask is filled to mark with
n-hexane (5.1).

8.3.7 Daily calibration

It is necessary to use at least a three-point-calibration, see 8.3.1 to 8.3.6, each of theSe-calibration
solutions shpll be analysed separately. Calibrate SCCPs and MCCPs separately.

Perform qugntification with internal standard correction.

For long seduences it can be necessary to calibrate more than once. Check themmecessity of calibration
by using quality control samples.

8.4 GC-MS determination

The extract|(see 8.2) shall be analysed using GC-NCI-MS (6.10).Anh example of a suitable GC-N(I-MS
method is given in B.1.

Inlet systen] shall be in a clean state and optimized, see Figures in B.2.

In Table 1, the ions are listed which should be used for quantification of SCCPs and MCCPs. In Tab
the ions are|mentioned, which can be used for the IS:-L.indane (5.3).

—
D
no

For calculatjon of the results, the following steps’should be performed.

a) Sumuplthe quantifier peak areas of the different ions from the three calibration standards (m/z 347,
m/z 361, m/z 375 and m/z 389 for-SECP and m/z 403, m/z 417, m/z 431 and m/z 445 for MCCP)

b) Calculate a response factor fer each of the three calibration standards under consideration qf the
area of the internal standard:

c) Sum up|the quantifierxpeak areas of the different ions from the sample and form a response factor
in the same way.

d) Plot a ¢alibration’/ curve with the response factor on the y-axis and the concentration of the
calibratjion standards on the x-axis.

e) Calculatethe response factor for the sample in the same way as for the calibration standard$ and
calculate the concentration of the sample in pg/ml using the calibration curve.

f) Determine the amount of the SCCP and MCCP in mg/kg under consideration of the dilution factor
and the sample amount.

Even if one or more chain length peaks are missing, assume the test specimen as positive for SCCPs
or MCCPs.

To get a quantitative result, each peak area of the extract chromatogram shall be below the highest
calibration point, if not dilute the extract with IS solution B (5.4) in this range or specify the result is
bigger than the calculated result. C;,Cl, qualifier and quantifier ions could and should be switched due
to interferences of m/z 375. C;,Cl; can be critical due to interferences and low response.

4 © IS0 2021 - All rights reserved
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Table 1 — Masses for quantification and qualification of SCCPs and MCCPs

Quantifier Qualifier
CP-group Substance
m/z m/z
C10Cly 347 349
C,,Cl 361 363
SCCPs 17
Cy,Cl, 375 377
Cy3Cl, 389 391
Cy,Cl, 403 405
MCCPS b15b17 P TLJ
C14Cly 431 433
C,,Cl, 445 447
ble 2 — Masses for quantification and qualification of the internal standard Lindane (5.3)
uantifier ualifier
Lindane IS Q Q

m/z n/z

possible ions 325 327

possible ions 255 253

possible ions 255 257

9 Expression of results
Evaluation
The peak shape evaluation (PSE) have beentsuccessfully tested and used. The integration shall be done

with

After assessing the peak shape of\the sample ion by taking the peak shape of the referrir

stan

by irfterfering ions can theréby be avoided. Peaks with not matching peak shape are rejec
not he integrated.

9.2

The recovery of'the internal standard in the extracts should be >60 % regarding to the are:
e internahstandard of the calibration. If the recovery is not sufficient, the step 8.2 of the procedure

of th
shou
thes

9.3

lard into account, the peak'is integrated in the retention time range of the standard pe

Determination of the recovery rate of the IS

Id be Tepeated and the extract shall be analysed using GC-NCI-MS. If the recovery is leg
econd time, this should be noted in the test report.

PSE, in accordance with Annex A~Results of an interlaboratory trial and the reliapility of the
metHod are shown in Annex C.

1g ion of the
ak. Overlays
ted and will

1 of the peak

s than 60 %

Interferences

9.3.1 Interferences of MCCPs masses

Quantifier masses 431 and 445 shall be quantified only if their area is above 10 % of the quantifier
masses 403 or 417 and the masses are not disturbed (peak shape control). See A.2.

C;7Cl; quantifier (m/z 445) shows very low response and show overlay with SCCPs ions, therefore areas
should be rejected, if interferences by SCCPs are noticed.

Masses used for MCCPs determination can be interfered by higher concentrations of SCCPs (> 1 %).
In this case, the MCCPs result should be set to "n.t." with the comment: "Cannot be determined due to
interferences with SCCP in concentrations above 1 %",

© IS0 2021 - All rights reserved
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9.3.2 Interferences of SCCPs masses

C41Cl; qualifier (m/z 363) can show a massive interference of high MCCPs contents. If peak shape and
retention time fits it is possible to ignore the divergent quantifier/qualifier ratio. It should be noted in
the test report.

C;,Cl; quantifier (m/z 375) can also show interferences on high MCCPs contents, in this case quantifier
and qualifier can be switched. It should be noted in the test report.

10 Test report

The test repjort shall include at least the following information:

a) areference to this document, ISO 22818:2021;

b) all detajls necessary for complete identification of the test specimen;
c) date of feceipt and date of analysis;

d) amounts of detected SCCPs and MCCPs reported in mg/kg;

e) deviatidns from agreement of evaluation or from the procedure shouldbe specified.

6 © IS0 2021 - All rights reserved
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A1l

The total ion chromatogram (TIC) should be roughly in the range of the 59 % SCCPs-stand

resp

A2

— Peaks are evaluated with reference to the corresponding peaks of(the calibration st
Figures A.1 to A.8), regarding: retention time, peak shape, quantifier/qualifier ratio.

— PPeak maxima distribution and whole shape shall be evaluated,visually.

— INon-matching peaks should be completely rejected, (see £igures A.4 and A.8).

— 1

— 1

q

A3

Quar
accej

Cy4C
(m/z

low 1
by S(

In Fif

integration as far as possible.

gdnd m/z 447 over the retention-time range of the standard peak (see Figure A.6).

IS0 22818:2021(E)

Annex A
(normative)

Integration with peak shape evaluation (PSE)

Dilution

55 % MCCPs-standard solution (c = 50 pg/ml), concerning abundance (height),

Peak shape evaluation (PSE)

Partially matching peaks: only the matching area should be integrated (see Figure A.3
/z 347, and Figure A.7 example for m/z 431).

igure A.6). If any obvious overlays or interférences are detected, these should be ex|

MICCPs show low response for m/z.445-and m/z 447 and the shape is not so significant
ther typical shapes for the otherions of MCCPs, integrate the chromatograms of the i

Quantifier/Qualifier ratio

tifier/Qualifier ratio’should be corresponding to the ratio of the standard (a deviatior
ptable).

- Qualifiern(f1/z 363) can show a massive overload on high MCCPs contents. C;,Cl
375) can also show interferences on high MCCPs contents. C;,Cl; Quantifier (m/z 445]
esponSe-and shows an overlay with SCCPs ions, therefore areas should be rejected, if ij
[CPs are noticed.

ard solution

andard (see

example for

atching peaks are integrated over their camplete retention time range (see Figlire A.2 and

cluded from

if there are
bns m/z 445

of +30 % is

, Quantifier
shows very
iterferences

sure At theusediomtraces of SCEPsstamdard 5996 Clareseem:

In Figure A.2 examples for matching samples are compared with SCCPs standard 59 % CL.

Always the upper chromatogram shows the standard, the lower chromatogram shows the sample.

In Figure A.3 examples of partly matched samples are compared with SCCPs standard 59 % Cl. In
Figure A.4 examples of samples with no match are compared with SCCPs standard 59 % CI.
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% Ion 347 % Ion 361 Y lon 375 % Ion 389
6 000 18 000 12 000 8000
6000
4000 12000 8000 4000
2000 6000 4000 2000
07789 10 11 12X 07789 1011 12X 077879 10 11 12X 07789 10 11 12X
% Ion 349 Y Ion 363 Y lon 377 Y Ion 391
6 000 18 000 12 000 2 883
4000 12000 8000 4000
2000 6000 4000 2000
- O .
0789 10 11 12X 7 8 9 10 11 12X 7 8 9 10 11 12X 7 8 9 10 11,12 X
Key
X  time/min
Y abundance/counts
Figure A.1 — SCCP standard 59 % Cl, different ion traces
Y Ion 347 Y Ion 361 Ion 375 Y Ion 389
24000
18000 18 000 24000
12 000 16000 12 000 16 000
6 000 A‘ 8000 6000 8000
077879 10 11 12X 07 9 10 11 12X 07789710 11 12X 077875710 11 12X
Y Ion 347 Y Ion 361 Ion 375 Y Ion 389
18 000 24000
16000 18 000 24000
12 000 12000 16 000
6000 8000 6000 8000
077819 10 11 12X 07 9 10 11.42%X 07789 10 11 12X 07789 10 11 [2X
Key
X  time/min
Y abundance/counts
Figure A.2 — Examples for‘matching samples compared with SCCPs standard 59 % Cl, upper
chromatogram standard, lower chromatogram sample
8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1134b1c3bcbc5f420f14e2f4941aab2c

IS0 22818:2021(E)
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Y Y
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60 000 4000
3000
40 000 2 000
20000 1000
07 . . .AMA&‘ . , . . . 0

Ion 347
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6000 |
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4000
3000
2000
1000

O m— T

10 11

Figure A.3 — Examples of partly matched samples compared with SCCPs standard 59 % Cl,
upper chromatogram standard, lower chromatogram sample
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Figure A.4 — Examples of samples with no match compared with SCCPs standard 59 % Cl, upper
chromatogram standard, lower chromatogram sample

In Figure A.5 the used ion traces of MCCPs standard 55 % Cl are seen.

In Figure A.6 examples for matching samples are compared with MCCPs standard 55 % CI.

Always the upper chromatogram shows the standard, the lower chromatogram shows the sample.

In Figure A.7 examples of partly matched samples are compared with MCCPs standard 55 % Cl. In
Figure A.8 examples of samples with no match are compared with MCCPs standard 55 % CI.
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Figure A.5 — MCCPs standard 55 % Cl, different ion traces
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Figure A.6 — Examples formatching samples compared with MCCPs standard 55 % Cl, upper

chregmatogram standard, lower chromatogram sample
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Figure A.7 — Example of a partly matched'sample compared with MCCPs standard 55 % Cl,
upper chromatogram standard, lower chromatogram sample
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Figure A.8 — Examples of samples with no match compared with MCCPs standard 55 % Cl,
upper chromatogram standard, lower chromatogram sample
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