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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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revision of the terms and definitions in 3.2 (former 2.2) and 3.3 (former 2.3);

deletion of the frequency of thermostatic ultrasonic bath in 6.3 (former 5.3);

deletion of “in duplicate” in 7.3.1 (former 6.2.1);

revision of extract temperature from “(60 + 5) °C” to “about 60 °C” in 7.3.3 (former 6.2.3);

revision of Formula (1) and Formula (2) in Clause 8 (former Clause 7);

addition of the example of determining the mass of the plastic component (coating) in Annex A.

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 covers a test method for the determination of some phthalates in textile articles.

Phthalates are commonly used as plasticizers in polymers. Phthalates are an issue for textile
manufacturers and retailers due to their use within motifs, coated fabrics, plastisol prints, buttons, etc.

Phthalates are controversial because high doses of many phthalates have shown hormonal activity in
rodent studies. Studies on rodents involving large amounts of phthalates have shown damage to the

liver,

the kidneys, the lungs, and the developing testes.

Due
repr
(for ¢

to their potential effect as endocrine disruptors, some of the listed phthalates
pduction. The listed phthalates are based on those which have been restricted in soné
xample, in the European Union).

are toxic in
regulations
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INTERNATIONAL STANDARD
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Textiles — Determination of the phthalate content —
Tetrahydrofuran method

WARNING — This document calls for the use of substances and/or procedures that can be
injurious to health if adequate precautions are not taken. It refers only to technical suitability
and does not absolve the user from legal obligations relating to health and safety at any stage.
It has been assumed in the drafting of this document that the execution of its provisions is

entrfisted to appropriately qualified and experienced operators.

1

This

Thisdocument is applicable to textile products where there is a risk of.the presence of some

2

Therk are no normative references in this document.

For the purposes of this document, the following'terms and definitions apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following z

31

plasticized material
plastiic material that is treated with chemicals to make it more flexible

Note [l to entry: For this-specific document, the chemicals are phthalates.

EXANPLE Examples of plastic material: coating, pigment print binder, etc.

3.2

overplltréated
with|a-continuous finish, coating or print

3.3

$cope

Normative references

Terms and definitions

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

[EC Electropedia: available athttps://www.electropedia.org/

locally treated
with a discontinuous finish, coating or print

3.4

representative specimen
specimen obtained by mixing pieces of all the different treated parts and colours

4

Principle

document specifies a method of determining phthalates in textiles withdgas chromatography-
masg spectrometry (GC-MS).

phthalates.

ddresses:

The phthalates are extracted from textile specimen by ultrasonic bath with tetrahydrofuran. As
the plastic polymer is partially or completed dissolved, the phthalate extraction is followed by the

© IS0 2022 - All rights reserved
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precipitation of the dissolved polymer using the appropriate solvent (acetonitrile, n-hexane, etc.).
Centrifugate the extract and then take a suitable volume of the organic solution for analysis. Gas
chromatography-mass spectrometry (GC-MS) is used to identify individual phthalates in the specimen
and quantify them by using an internal standard (IS).

5 Reagents

Unless otherwise specified, use only reagents of recognized analytical grade.

5.1 Tetrahydrofuran (THF), CAS Registry Number®1 (CAS RN®): 109-99-9.

5.2 Solvents used for the precipitation. Examples are:
a) Acetonitrile, CAS Registry Number® (CAS RN®): 75-05-8; or
b) n-Hexahe, CAS Registry Number® (CAS RN®): 110-54-3.
5.3 The list of phthalates determined by this method is given in Table 1. Other phthalates cqn be
analysed by|this method if the laboratory performs a validation.
Table 1 — List of phthalates
No. Substance 2 Abbreviation CASRN®
1 Di-cyclo-hexyl phthalate DCHP, 84-61-7
2 Di-iso-nonyl phthalate DINP 28553-12-0 or 68515-48-
3 Bis-(2-ethylhexyl) phthalate DEHP 117-81-7
4 Di-n-octyl phthalate DNOP 117-84-0
5 Di-iso-decyl phthalate DIDP 26761-40-0 or 68515-49-]
6 Butyl benzyl phthalate BBP 85-68-7
7 Di-butyl phthalate DBP 84-74-2
8 Di-iso-butyl phthalate DIBP 84-69-5
9 Di-n-pentyl phthalate DPP 131-18-0
1,2-benzenedicarboxylic acid;
10 DIHP 71888-89-6
Ibi-Cg4_g -branched alkylesters, C,-rich
11 Bis-(2-methoxyethyl) phthalate DMEP 117-82-8
12 Di-isqo-pentyl phthalate DIPP 605-50-5
13 Di-n-hexyl phthalate DNHP 84-75-3
14 N-pentyl-iso-pentyl phthalate PIPP 776297-69-9
15 Di-iso-hexyl phthalate DIHxP 71850-09-4
a Not all commercrally available phthalate standards are of analytical grade.

5.4 Benzyl 2-ethyl-hexyl phthalate, CAS Registry Number® (CAS RN®): 27215-22-1, internal
standard (IS). Other internal standards (for example, deuterated phthalates) can be used if the
laboratory performs a validation.

6 Apparatus

6.1 Gas chromatography, coupled with mass spectrometer (GC-MS).

1) CAS Registry Number® is a trademark of CAS corporation. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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6.2 Vial, airtight glassware to be sealed with a PTFE septum. 40 ml vials have been found suitable.

6.3 Thermostatic ultrasonic bath, with controllable heating capable of maintaining a temperature
of about 60 °C in water bath.

6.4

6.5

6.6

Glass flasks with glass stoppers. 100 ml glass flasks have been found suitable.
Calibrated volumetric flasks, of capacities 50 ml and 100 ml.

Volumetric device, of capacities 10 ml and 20 ml.

6.7

6.8

7 1
WAR

7.1

Glass
cont
nitri
contj

7.2

7.2.%

Prep
prec

7.2.2

Sepa
(5.3)

For ¢
to th

Analytical balance, with a resolution of 0,1 mg.

Centrifuge.

Procedure

NING — The vapour of the organic solvents is highly-flammable, especially at high
temperature. Allow glassware to cool down before use.

Cross-contamination provisions

ware and/or equipment used shall be free from phthalates in order to mini

mize cross-

hmination. For pre-used glassware, after washing, should be given an extra rinse with 0,1 mol/I
C acid, water and finally with acetone. Glassware should be completely dried before yse. To avoid

nmination, do not use any plastic container,(for example, for water).
Preparation of standard solutions

Internal standard solution

are a 1 000 mg/1 stock §tandard solution of the internal standard in the solvent yised for the

pitation (5.2) after the ultrasonic extraction (see 7.3).

Preparation ef.stock standard solutions

rately prepaté.a’series of 1 000 mg/l individual stock standard solutions of the individyal phthalate

in the solvent used for the precipitation.

xample, weigh 50,0 mg of a phthalate in a 50 ml volumetric flask and fill the volume

tric flask up

e mark with the solvent used for the precipitation and mix thoroughly to dissolve coppletely the

subs

[dhCe.

Most of the stock standards may be made in a mixed stock. This saves time and effort when preparing
calibration solutions. DINP, DIDP and DIHP have overlapping peaks. It is recommended to make up
these stock standard solutions separately, as their calibration solutions have to be made in higher (for
example, 5 times) concentrations than for the other phthalates because of their multi-peak nature.

7.2.3 Preparation of the calibration solutions

From the stock standard solutions, prepare at least five appropriate phthalate calibration solutions
(example of concentrations at 1 mg/1, 3 mg/1, 15 mg/1, 30 mg/l and 90 mg/1 as described in the Table 2),
each containing an equal amount of the target phthalates (5.3) and an amount of internal standard (5.4)
in a mixture of tetrahydrofuran and the solvent used for the precipitation, mixed by volume at a ratio of
1:2 (1/3 of tetrahydrofuran to 2/3 of the other solvent), as shown in Table 2. Each calibration solution

©ISO
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should have a final internal standard concentration of 5 mg/l. Prepare one calibration blank. Analyse
the calibration solutions and calibration blank by the GC-MS. Qualitatively analyse the result to ensure
proper retention times and the absence of contamination and built up the calibration curve.

Table 2 — Examples of calibration solutions

Operation items Blank L1 L2 L3 L4 L5
Concentration of phthalate (mg/1) 0 1 3 15 30 90
Volumetric flask (ml) 50 100 100 50 50 50
Volume of phthalate stock solution (ml) / 0,1 0,3 0,75 1,5 4,5
Volume of infernal solution (ml) 0,25 0,5 0,5 0,25 0,25 0,R5
Fill up to thd mark with a mixturseorftl l{:egffgert:ﬁg}glgggftaar;iE)(;l 2/3 of. the kol-

If target ionfs other than 149 are used for quantification of DEHP, DNOP, DINP, DIDP anid DIHP, all the
listed phthaltates may be calibrated and quantified together.

Typical quantification ions for phthalates are shown in Annex B.

If DIDP and PINP overlap in the chromatogram; choose target ions indicatedin Annex B.

In case the concentration of some phthalate in the extraction solution)of a specimen lies outside the
limits of the|calibration curve, dilute the solution with a mixture of 1/A3 of tetrahydrofuran to 2/3 ¢f the
solvent used for the precipitation containing 5 mg/l1 of the internalstandard, so that the phthalates in
the sample ¢an be properly quantified.

NOTE The stock standard solutions are stored at 0 °C to 4 °C for up to six months, and the working soldtions
are stored at[0 °C to 4 °C for up to three months, or sooner if gngoing quality control indicates problems.

7.3 Ultraponic extraction and determination of phthalates

7.3.1 General

Ultrasonic etraction is performed usingtetrahydrofuran on test specimens prepared from each textile
sample, follpwed by precipitation of-the (partially or completed) dissolved plastic component usipg an
appropriate|solvent, centrifugation, ahd determination of phthalates. A blank is run in parallel to avoid
errors cause¢d by contaminatior from the laboratory environment.

NOTE Far example, polyxinylchloride (PVC) is completely dissolved in tetrahydrofuran.

7.3.2 Preparationofitest specimen

A representative test specimen shall be prepared by mixing and cutting pieces from every coated grea/
part of the tgxtile sample (see Annex A for further information on coating types). Cut the representgative
specimen inte—smal-pieces—{ess—than-S—mminthegreatest-dimension)homegenizeit—and—-weigh

(0,30 + 0,01) g of these pieces in the vial (6.2).

Using an appropriate volumetric device (6.6), add to vial 10 ml of tetrahydrofuran (5.1) containing
5 mg/l1 of internal standard (5.4) and seal it tightly.

7.3.3 Extraction procedure

Place the vial in the ultrasonic bath (6.3) at about 60 °C for 1 h + 5 min to allow the extraction of
phthalates (by complete or partial dissolution of the polymer). Then, remove the vial from the bath and
let it stand still until the extraction solution cools down to room temperature.

Ensure that the vial remain airtight in the ultrasonic bath (6.3) throughout the entire extraction
process.

4 © IS0 2022 - All rights reserved
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Using an appropriate volumetric device (6.6), add dropwise to the vial 20 ml of the solvent used for the
precipitation (5.2) containing 5 mg/I of internal standard.

Shake the vial vigorously (preferably on a vortex type shaker) for at least 30 s and allow them to stand
still for (30 £ 2) min in order to allow the precipitation of polymer.

Centrifugate the vial at least 700 g (for example, 2 500 min! for 10 cm radius) by the centrifuge (6.8) for
atleast 10 min to drive and settle any remaining suspended precipitates of polymer in organic phase to
the bottom to obtain a transparent organic solution. Then, withdraw and transfer a specimen aliquot of

theo

CAU

rganic solution into a suitable GC sampling vial for GC-MS analysis.

ION — Direct injprfinn into GC-MS of cllcppndpd matter solution or rlnndy sol

1tion might

cont

If nd
tetra

(1/3

then

7.3.4
Dete
An €]

The {

Aminate the equipment.

cessary, prepare further diluted solutions using an appropriate volume)of a

repeat the analysis.

Phthalates determination
Fminate the phthalates extracted in 7.3.3 by GC-MS (6.1).
kample of the parameters for GC-MS analysis of target phthalates is given in Annex B.

tatistical data of interlaboratory trials in the first edition is shown in Annex D.

In some cases when the phthalates level is very low, it‘may be necessary to increase the ma

spec

8 ¢

8.1

Fron
stan
COT'T¢

mens.

Calculation of the results

Calculation based on the carrected mass (by default)

| the calibration graph, détermine the response of each phthalate, corrected for
lard peak area, and interpolate the concentration of the phthalate, in milligrams per
cting for any dilutiens” Subtract the blank concentration from the specimen co

Calcuylate the result using.Formula (1):

whet|

mixture of

hydrofuran (5.1) and the solvent used for the precipitation (5.2) mixed by vélume at g ratio of 1:2
of tetrahydrofuran to 2/3 of the other solvent) containing 5 mg/1 of the intexnal standqrd (5.4) and

bs of the test

the internal
litre (mg/1),
ncentration.

Vx(b—a)xk
| _x(b-aek o
m. x10,000
e
fsthe mass fraction of the individual phthalate, based on the corrected mass of the tgst specimen

©ISO

(7);

is 30 ml, that is the total volume of the phthalate solution before any dilution (10 ml of tetrahy-

drofuran used for the extraction +20 ml of the solvent used in the precipitation step);
is the corrected mass of specimen (g);

is the concentration of the individual phthalate of the blank solution (mg/1);

is the concentration of the individual phthalate of the specimen solution (mg/1);

is the dilution factor.

2022 - All rights reserved
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The determination of the corrected mass of test specimen shall be in accordance with Annex A.
Examples of the calculation are also given. Overall treated materials are illustrated in Figure A.1 and
locally treated materials in Figure A.2.

If the corrected mass of the test specimen, m_, cannot be obtained, give a remark in the test report and
calculate the result according to 8.2.

8.2 C(alculation based on the total mass (when relevant)

If the corrected mass of the test specimen, m, in accordance with Annex A, cannot be obtained and
used for the calculation of the results, then calculate the result using Formula (2).

Vx(b—a)xF
wy =V b= XE 2)
mi x10 000
where
W is the mass fraction of the individual phthalate, based on the total mass pfithe test specimen
(%)
%4 is 30 ml, that is the total volume of the phthalate solution before arfyydilution (10 ml of tetyahy-
drofuran used for the extraction + 20 ml of the solvent used inthe precipitation step);
my is the total mass of specimen (g);
a is the concentration of the individual phthalate of the blank solution (mg/1);
b is the concentration of the individual phthalate ofithe specimen solution (mg/1);
F is the dilution factor.

9 Testreport

The test replort shall include at least the fellowing information:

a) areference to this document, i.e-1SO 14389:2022;

b) all detalls necessary for complete identification of the sample tested;
c) details pn the preparation’of the specimens;

d) the valye of the cofrected mass, m., in grams (see 8.1); where relevant, the value of the total nass,
mq, in gfams (see.8.2);

e) the testresulfs of each listed phthalate in the plasticized material or textile product, w, (or, where
relevanf,'wy), expressed in percentage (%) or milligram per kilogram (mg/kg);

f) any deviation by agreement or otherwise from the procedure specified;
g) any unusual features observed;

h) the date of the test.

6 © IS0 2022 - All rights reserved
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Annex A
(normative)
Calculations
A.1 Overall treated materials
In the case of overall treated specimen, see Figure A.1: (]/q/
1 !
Q-
(bcb
A
<< O

K \Q

Yo | N
1 plastic component (coating) <
2 fabric \\'Q

The |

whel
my
m,
m

NOTH

N

)
Figure A.1 — Overall treated specimen

part of the coating is obtained bycx}iﬁ\)g;'ormula (A.1):
1=my —my @ .
e QO

is the total mass@verall treated specimen (g);

is the massQ@xtile component (g);

is the Y:)f coating (g).

1 «?ﬁe mass of coating is the corrected mass of the specimen as described in Formula (1).

From

'%acf shnecimen where the tatal macs afaverall treated snecimen m  icmoacured (ol
et PR e R e et Ot Y B OV e e et e e S p e R e T e

I e,

(A1)

the plastic

component (coating) is removed by a mechanical, thermal or chemical procedure (or a combination of
these). The plastic component, m, shall be determined by comparison with the textile component m,.

NOTE 2  Anexample of chemical procedure is given in Annex C.

©ISO
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A.2 Locally treated materials

A.21

Key
1
2

plastic c
fabric

The mass of]

m=(my
where

my i

m, i

m i9

S

S i

Firstly, detq

material is i

NOTE The masS of'the plastic component is the corrected mass of the specimen as de-

In the case of locally treated specimen, see Figure A.2.

o

Figure A.2 — Locally treated specimen

mponent (coating)

— My )XS

the surface density (mass divided by area) of treated area of specimen (g/m?2);
the surface density (mass-divided by area) of textile material (g/m?);

the mass of the plastic component (coating) (g);

ribed in Formiula (1).
the surface area of the treated area of the specimen (m2).

rpiine the surface density (mass divided by area) from an untreated part (only tq

the plastic component, m, expressed in gramsy(g), is calculated by using Formula (A.2):

(A.2)

xtile

From a test

valved) m.,
7 2

specimen:

— measure the treated surface density (mass divided by area), my;

measure the treated area, S.

A.2.2 An example of determining the mass of the plastic component (coating) is given below.

If the plastic component (coating) is uniform, the cutting sample machine (for example, pneumatic) can
be used to obtain specimens with the same area (very important) shown in Figure A.3 and the cutting
dice can be available in different size and shape.

© IS0 2022 - All rights res

erved


https://standardsiso.com/api/?name=60275dcaab9d7805a7a16f035ad6d9ad

ISO 14389:2022(E)

Key

BwWw N R

First
Forn

m,
Then
i

whet|

r

Cutting sample machine

Cutter/blade
A

extile component (deep red)

reated part
\
Figure A.3 — Example of cuttingQanle

O

ly, the ratio of plastic component (coating) mass Q\%tal mass can be calculatg
jula (A.3): S\O
Z
_momy &
" o
K\
e \O

is the ratio of coating mass to t@ mass;
is the total mass of treated part with the same area (g);
is the mass of textile@)@ponent with the same area (g).

, the mass of coati@ﬁ be obtained by using Formula (A.4):
N\

. =rXxXmy QOJ

.

g?e mass ratio of plastic component (coating) to treated part;

mry

me

bd by using

(A.3)

(A4)

IS the total mass of treated part(g)- Same as i I Formuta (Z2) 1M 8-2Z;

is the mass of plastic component (coating) (g). Same as m_ in Formula (1) in 8.1.
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Annex B
(informative)

Example of test parameters by GC-MS

As the instrumental equipment of the laboratories can vary, no generally applicable parameters can be
provided for chromatographic analyses. The following parameters have been found to be successful.

a)

b)

Capillarfy column: DB-5MS, length 30 m, inside diameter 0,25 mm, film thickness 0,1)uth; or

equivalent;

Temperpture programme:

— 100 °C (1 min), 100 °C to 180 °C (15 °C/min);
— 180 °C (1 min), 180 °C to 300 °C (5 °C/min);
— 300 °C (10 min);

Injector temperature: 300 °C;

Transfel line temperature: 280 °C;

Carrier gas: helium, purity no less than 99,999 %, 1,2 ml/min;

Ionizatipn mode: EI;

lonizatipn energy: 70 eV;

Detectipn mode: selected ion monitor detegtion;
Injector] system: split/splitless injector, split at 1,5 min;

Injector| volume: 1 pl.

Typical quantification ions for phthalates are shown in Table B.1.

Table'B.1 — Typical quantification ions for phthalates

Typical ions
No. Name amu
Quantitative Qualitative
1 Di-bubyl phthalate (DBP) 149 223 204
2 Butyl benzyl phthalate (BBP) 149 206 91
3 Bis-(2-ethylhexyl) phthalate (DEHP) 167 149 279
4 Di-n-octyl phthalate (DNOP) 279 167 261
5 Di-iso-nonyl phthalate (DINP) 293 149 127
6 Di-iso-decyl phthalate (DIDP) 307 149 141
7 Di-iso-butyl phthalate (DIBP) 149 167 223
8 Di-n-pentyl phthalate (DPP) 149 219 237
9 1,2-benzenedicarboxylic acid; 265 149 99
Di-Cg_g -branched alkyl esters, C,-rich (DIHP)
10 Bis-(2-methoxyethyl) phthalate (DMEP) 149 59 207
10 © IS0 2022 - All rights reserved
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Table B.1 (continued)

ISO 14389:2022(E)

Typical ions
No. Name amu
Quantitative Qualitative

11 Di-cyclo-hexyl phthalate (DCHP) 149 167 249
12 Di-iso-pentyl phthalate (DIPP) 149 237 219
13 Di-n-hexyl phthalate (DNHP) 149 251 104
14 N-pentyl-iso-pentyl phthalate (PIPP) 149 237 219
15 Bitso-trexytphthatate tBH=P) 49 251 85
16 Benzyl 2-ethyl-hexyl phthalate (internal standard) 149 150 262

© IS0 2022 - All rights reserved
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Annex C
(informative)

Determination of PVC mass fraction by chemical method

C.1 Principle

The PVC la)Ler is dissolved (out) from a known dry mass of the sample, with tetrahydrofunan
textile residue is collected, washed, dried and weighed; its mass, corrected if necessary, is express

a percentag

The metho
collaboratio

The repeatgbility coefficient of variation and reproducibility coefficient of yariation obtained
0,6 % and 1}4 %, respectively. For cotton, the d correction factor was determined to d = 1,00. In

fibres other

Formula (C{1)] should be determined by applying the method to 100/% pure fibre (at least f{
specimens df 1 g each) and calculating d as the ratio of the dry mass of the specimen after pretreat
(described in I1SO 1833-1[1) to the dry-mass of the residue after:the application of the method

drying step
C.2 App4
C.2.1 Wei
C.2.2 Filtg
C.2.3 Des
C.2.4 Ven

C.2.5 Analytical balancewith a resolution of 0,1 mg.

C.2.6 Glad

C.2.7 The

e of the dry mass of the sample. The mass fraction of dry PVC is found by diffenence.

I has been validated by the European Commission’s Joint Research Gentre (JR
in with 12 laboratories using a cotton sample spread with PVC. No outliers were dete]

than cotton, the d correction factor for a pure fibre [needed for calculation of resu

shall be carried out in a ventilated oven (105 °C) for<4h to 16 h.

ratus

phing bottle, or any other apparatus giving identical results.
er crucibles.

ccator, containing self-indieating silica gel.

filated oven, for drying.specimens at (105 * 3) °C.

s conicalflasks, fitted with screw PTFE cap, of at least 100 ml in capacity.

rmostatic ultrasonic bath.

The
ed as

() in
cted.
were
case
ts in
hree
ment
The

C.2.8 Graduated cylinder, of capacity 50 ml.

C.3 Reagents

Unless otherwise specified, use only reagents of recognized analytical grade.

C.3.1 Tetrahydrofuran (THF), CAS Registry Number® (CAS RN®): 109-99-9.

C.3.2 Grade 3 water, in accordance with ISO 3696.

12
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C4

Uset

C.5

ISO 14389:2022(E)

Sampling

he specimens as received.

Test procedure

Dry at least three specimens of 1 g each, each one in a different weighing bottle, in a ventilated oven

(105

°C) for 14 hto 16 h.

At the same time, dry three filter crucibles in three weighing bottles in a ventilated oven (105 °C) for

14 h

aolé6h

Cool
(plad

Weig

Tran|

all the mentioned weighing bottles, containing specimens and filter crucibles, in
ed beside the balance) for at least 2 h.

h the weighing bottles containing specimens.

fer quantitatively specimens in the glass conical flask fitted with a Serew PTFE ca

100 1l capacity, that will be used for the method, and then weigh empty weighing bottles (th

is thg

b mass of specimens, sample mass).

Weigh filter crucibles.

To e
spec
solut
resid
grav
are V
are d

Dry f
Cool
Weig
diffe

C.6

hch specimen contained in the glass conical flask, add/50 ml of tetrahydrofuran |
men. Dissolve the PVC in the ultrasonic bath (6.3) for<t*h at 60 °C and then filter imm
ion through the weighed filter crucible. Transfer the'residue to the filter crucible. Wa
ue in the filter crucible with 30 ml tetrahydrofuran preheated at 60 °C, and allow dr3
ty. Then, rinse thoroughly with water and allow draining under gravity. Make sure tha

ried in the oven. Finally, drain the crucible'with suction.
ilter crucibles with residues in the wéighing bottle in a ventilated oven (105 °C) for 14
them in a desiccator (placed beside the balance) for at least 2 h.

h, within 2 min of their-femoval from the desiccator, the filter crucibles with r
Fence with empty filter erueibles is the mass of residues, residue mass).

Calculation of\results

Calcylate the resuylts7as described in Formula (C.1):

h desiccator

p of at least
e difference

ber gram of
ediately the
sh twice the
ining under
t specimens

vashed with a liberal amount of water, suffigient to avoid a tetrahydrofuran smell when residues

hto 16 h.

esidues (the

w1=100x£§£ (C.1)
m
where
wy is the mass fraction of clean, dry insoluble textile component (%);
m is the dry mass of the specimen (g);
r is the dry mass of the textile residue (g);
d is the correction factor for loss of mass of the insoluble textile component in the reagent during
analysis.
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Then, calculate the mass fraction of the insoluble textile component on a clean, dry mass basis, with
adjustment by conventional factors (agreed allowancesl4]) using Formula (C.2):

aq

wy X[ 1+
100

J

aq
wiX| 14— +(100—w
1 ( 100) ( 1)

is the mass fraction of insoluble component, adjusted by agreed allowance (%);

(C.2)

where

Wia

wy isth
a, is th

The mass fr

In case the t
the conditio
and (C.2), re
parameters

d

combing

Acombing

where
i

m;

d

combined

d.

1

Ucombined

a;

e mass fraction of clean, dry insoluble component as calculated from Formula (C.1};
e agreed allowance for the insoluble component.
hction of the soluble component, in this case, PVC, w,, (%), is obtained by difference.

extile sample coated with PVC is composed of a mixture of fibres, which are insoluble y
ns of this method, the correction factor, d, and the agreed allowafcg, a,, in Formulae
spectively, will have to be applied to the mixture of fibres. In ordér to calculate the com}
Formulae (C.3) and (C.4) shall be used:

n
=D, m;xd;
i=1

n
d :Zmixai
i=1

is the ith component(s) of the fibre-mixture;
is the mass fraction of the ithtcomponent of the fibre mixture;
is the correction factor for-toss of mass of the fibre mixture in the reagent during analy

is the correction factor for loss of mass of the ith insoluble fibre component of the fibre
mixture in the reagent during analysis;

is the agreedatiowance of the fibre mixture;

is the agreed allowance for the ith insoluble fibre component of the fibre mixture.

nder

(C1)

ined

(C.3)

(C4)

/Sis;

14
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Annex D
(informative)

Statistical data

Summary

On b
Rese|

deter

four
whil

Meth
20 p
dissd
it wit
Meth
tetra

deter

The
expe
analy
EU, ¢

The
cons
testi

Into
(DEH
in tr

appr
and ]

by af

Out
prob|

ehalf of ISO/TC 38/WG 22, as well as CEN/TC 248/WG 26, the European Comnm
arch Centre (JRC) organized, in 2011, a collaborative trial for the validation of fourmet
mination of phthalates and one method for the quantification of PVC in textile produg
methods investigated had been developed and used in both European and non-Europed
e the fifth method was developed by the JRC.

ods 1, 2 and 3 were based on ultrasonic extraction of phthalates_(with 80 parts
arts acetone, n-hexane and tert-butyl methyl ether, respectively};’ method 4 was b
lution of PVC with tetrahydrofuran in an ultrasonic generatoryfollowed by the re-pre
h acetonitrile. In all cases, phthalates were then quantified by GC-MS.

od 5 for the determination of mass fraction of PVC was based on the dissolution
hydrofuran in an ultrasonic generator, followed by the'washing of the residue and its
mination.

collaborative exercise was organized, according to ISO 5725-2[2] as a balanced u
riment, i.e. with the same number of test’jtesults in each laboratory, which each
sing the same levels of test samples. Thirteen laboratories, 8 European and 5 from o
rovided results.

dered “sufficiently homogeneous” according to the IUPAC harmonized protocol for
hg.

Fal, four cotton samples@Spréad with PVC layer and one sample made of PVC containing
P, DBP, BBP, DINP, DIPR, DNOP and DIBP) at 3 concentration levels were analysed by 13

plicates. Levels [, II-and III refer to samples containing a specific phthalate in conce
bximately 200 nig;1 000 mg and 5 000 mg of phthalate per kilogram of PVC. In the

mine its PVCimass fraction. In total, 4091 test results were collected. The samples we
| [talian.Company.

pf the(104 data sets, only 27 can be considered as being part of a normal distribu]

ssion’s Joint
hods for the
ts. The first
n countries,

n-hexane to
hsed on the
cipitation of

bf PVC with
gravimetric

niform-level
laboratory
itside of the

homogeneity assessment, carriedsout by the JRC with method 2, proved that all sanjples can be

proficiency

7 phthalates
laboratories
ntrations of
ase of DIDP

DINP, level I corresponded to approximately 500 mg/kg. In addition, one sample was [neasured to
deter

re produced

ion at 95 %

pbility level using the Shapiro-Wilk test. The situation improved after the eliminatio

h of outliers

(47

ata sets were normaily distributed). T he distribution of the mean values was proved

in the majority of cases.

0 be normal

The results were statistically evaluated, according to ISO 5725-2[2] and ISO 5725-5[3], with a specific
software. The consensus values and the precisions of the various methods, in terms of repeatability,
r and reproducibility, R, limits as well as repeatability coefficient of variation, Cy,,, and reproducibility
coefficient of variation, Cy,,, were calculated. Applying ISO 5725-22] the statistical outliers identified
with Cochran’s and Grubbs’ tests were rejected, together with the results of LC0004 for method 4
and the ones of LCO005 for DIDP in methods 1 to 4, which were identified as outliers with Mandel’s
h statistics. According to ISO 5725-5[3], all test results were retained and robust statistics were used.
These two alternative approaches gave results that can be considered in good agreement. Generally, the
differences were lower than 35 %, except in a few cases.
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Considering phthalates, both the minimum and the maximum coefficient of variation of repeatability
were obtained in method 4 (3,0 % and 23,5 %, respectively). Concerning the coefficient of variation of
reproducibility, the minimum value 19,4 % was shown by method 3 and the highest 189,2 % by method
2. Results indicated that both the four methods for phthalates and the laboratories’ performance have
to be drastically improved. Poor repeatability was observed in the case of several laboratories and the
large spread in the mean values calculated in the 13 laboratories was responsible for the high observed

coefficients

of variation of reproducibility.

Two samples, one made of PVC (E) and one made of cotton spread with PVC (A), were prepared starting
from the same plastisol batch. Results were in good agreement when the concentrations of phthalates
were expressed in milligram (mg) of phthalate per kilogram (kg) of PVC.

The best mgthod in terms of phthalates’ recovery was number 4, based on tetrahydrofuran; whereas,
method 2 whs the worst one. The same extraction efficiency was practically shown by methods'1 and 3.
Method 5 fqr the quantification of PVC showed good precision and may be considered-validated for
cotton samplles spread with PVC. The repeatability and reproducibility coefficients ofyariation were 0,6
and 1,4, % respectively. These values are in line with the ones obtained in the case of.similar dissoljition
methods validated in the context of quantification of fibre binary mixtures.
Even thougl the collaborative trial was not a proficiency test, the perforrhances of the participating
laboratorie§ were evaluated. Laboratories LC0O003 and LC0008 showed the best performance: [their
z-scores wele in almost all cases good (|z| < 1) and in the others at least satisfactory (|z] < 2). Oh the
contrary, lalhoratories LC0O004 and LCO0O05 obtained the worst performance: they showed, respectjvely,
25 and 17 z-{scores considered questionable or unsatisfactory out 6f104.
Regarding the methods, after the elimination of outliers, method 4 showed 6,2 % of questionabl¢ and
unsatisfactdry z-scores. Methods 2, 1 and 3 followed with 5,9°%, 3,7 % and 3,7 %, respectively.
See Tables [].1 to D.8.
D.2 Resullts of the collaborative trial for methods 1 to 4
IMPORTAN[T — The trials have been carried out in order to elaborate the ISO test method.
Tablle D.1 — Results of the-cellaborative trial for methods 1 to 4 on DIBP and DBP
DIBP DBP
Sam- | Me
ple | thod | Out- mean r Cyyr R Cygr | out- | mean r Cy, R Cyr
lier mg/kg mg/kg % mg/kg % lier | mg/kg | mg/kg % mg/kg %
1 1 3 25645 353,5 10,9 2104,0 | 64,6 0 713,3 71,2 10,0 594,7 83,4
A 2 3 2 5654,1 199,3 7,8 912,4 35,7 1 566,5 62,5 11,0 615,3 108,6
3 0 3379,1 373,1 11,0 1553,4 | 46,0 0 736,7 86,1 11,7 565,8 76,8
4 1 3632,3 406,4 11,2 14419 | 39,7 2 738,3 54,6 7,4 551,2 74,7
1 = 1207 174 144 108+ 89,6
B 2 1 100,6 17,1 17,0 92,6 92,1
3 2 135,8 22,4 16,5 133,8 98,5
4 2 116,1 12,3 10,6 79,5 68,5
1 0 133,9 14,9 11,1 146,3 |[109,3
c 2 0 112,8 18,6 16,5 148,5 [131,6
3 0 143,5 18,7 13,0 158,6 |[110,6
4 1 136,3 25,7 18,9 170,2 1249
16 © IS0 2022 - All rights reserved
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