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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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INTERNATIONAL STANDARD ISO 16189:2021(E)

Footwear — Critical substances potentially present in
footwear and footwear components — Test method to
quantitatively determine dimethylformamide in footwear
materials

1 $cope

This|document specifies a method to determine the amounts of dimethylformamideBDMF)|in footwear
and footwear components containing polyurethane (PU) coated material.

NOTE1 In the footwear industry, when PU is injected (reaction moulded), this process does nqt require the
use of DMF. For PU coated material, the use of DMF is possible.

NOTHE 2  Several abbreviations can be used for dimethylformamide DME, ‘BMFa, DMFo. This dgcument uses
DMF.

ISO/TR 16178:2021, Table 1 defines which materials are concernéed by this determination.

2 Normative references

The following documents are referred to in the text.in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referéhced document (including any amendmepts) applies.

ISO 4787, Laboratory glassware — Volumetricinstruments — Methods for testing of capacity|and for use

3 Terms and definitions
No t¢rms and definitions are listed in this document.
ISO gnd IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropédid: available at https://www.electropedia.org/

4 Prineiple

The $ample is cut in small pieces and extracted with methanol in a sealed vial at 70 °C in an ultrasonic
bath for 1 h. An aliquot is then analysed using a gas chromatograph with mass selective detector.

5 Reagents

Unless otherwise specified, analytical grade chemicals shall be used.

5.1 Dimethylformamide (DMF), CAS Registry Number®1) 68-12-2, highest available defined purity
standard.

1) CAS Registry Number® (CAS RN®) 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.

©1S0 2021 - All rights reserved 1
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5.2 Dimethylformamide - d7 (DMF-d7), CAS RN® 4472-41-7, highest available defined purity

standard.

5.3 Methanol, CAS RN® 67-56-1.

5.4 Internal standard solutions

5.4.1 Inte

rnal standard - stock solution (1 000 mg/1)

10 mg of DMF- d7 (5 2) is welghed w1th an accuracy of 0 1 mg ina 10 ml volumetrlc flask and fllled up to

the mark wirt
The stock sd

5.4.2 Inte

The solutio
shall be stoq

5.5 Targgq

5.5.1 Tar}
10 mg of DN

lution shall be stored ina refrlgerator at about 4 °C

rnal standard - working solution (200 mg/1)

is prepared by 1:5 dilution of the stock solution (5.4.1) with methanol (5.3). This sol
ed in a refrigerator at about 4 °C.

t compounds solutions

et compound - stock solution (1 000 mg/1)

[F (5.1) is weighed with an accuracy of 0,1 mg in a 10:ml volumetric flask and filled

the mark with methanol. The content is further transferred in an\amber 10 ml vial with PTFE stop

This solutio

5.5.2 Tar}

The solutioy
shall be stoq

6 Appar

The usual 14
used, in add

6.1 Analy
6.2 Glass

6.3 Ultras

h shall be stored in a refrigerator at about 4 °C.

et compound - working solution (200 mg/I)

is prepared by 1:5 dilution of the stoek-solution (5.5.1) with methanol (5.3). This sol
ed in a refrigerator at about 4 °C.

atus

boratory apparatus and amber laboratory glassware in accordance with ISO 4787 sh:
ition to the following;

tical balance with a precision of at least 0,1 mg.
vial with-serew cap that can be tightly sealed (e.g. volume of 20 ml).

sonic bath with adjustable temperature suitable for operation at 70 £ 5 °C.

prock.

ition

hp to
cock.

1ition

11 be

6.4 PTFE-

membrane filter pore width 0,45 pm.

6.5 GCvials capped (e.g. volume of 2 ml).

6.6 Amber glass vials with a screw cap that can be tightly sealed (e.g. volume of 10 ml).

6.7 Gas chromatograph with mass selective detector (GC-MS).

© IS0 2021 - All rights reserved
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7 Preparation of sample

7.1

Sampling

Samples of PU coated materials are cut in pieces of about 3 mm to 5 mm edge length.

NOTE

teste

7.2

Weig

d together, taking into consideration the limits of detection and quantification.

Extraction

Up to three test specimens (of equal mass) of the same material classification (see ISO 21061) can be

to thie nearest 1 mg, add 1 ml of the internal standard working solution (5.4.2) and 9. ml

(5.3)

Extr

Aftel

and seal the vial.

hict the sample at (70 £ 5) °C for (60 = 5) min in an ultrasonic bath (6.3).

filter] (6.4).

Tran

sfer an aliquot of the extract to an GC-MS vial (6.5) and seal withia PTFE-cap.

8 DPetermination with GC-MS

8.1
At le

Calibration standard

hst 4 calibrations points shall be used to establish the calibration curve. Examples o

solutjions are given in Table 1.

Table 1 — Examples of calibration solution

h (1,00 + 0,10) g of the sample with the analytical balance (6.1) in a glass vial (6.2), recgrd the mass

of methanol

cooling to room temperature, the solution is filtered (if necessary) through a PTFE membrane

f calibration

Standard L1 L2 L3 L4 L5 L6
E/é)l; én)e of target compound working solution 25 ul 50 l 100 pl 250 pl 500 ul| | 1000 pl
Concentratiqn of target comp@und in the cali- 0,5 1 2 5 10 20
bratjon solutions (mg/1)

Volu
inter

me of the methanol Working solution of
nal standard (5.4.2)

1000l | 1000pul | 1000ul | 1000 pl | 1000l | 1000 pl

Cond

entration of thednhternal standard (mg/1) 20 20 20 20 20

20

Filled

to the 10 mlmark with methanol.

8.2

Examples of instrumental method

Examples are given in Annex A.

©ISO
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9 Expression of results - Calibration curve

Set up the linear regression function by using the following ratio (4./4;;) and (C./C;;) with the help of
the following:

is

The content of DMF is calculated according to the following as a mass fraction w in mg/kg:

(AeCh _h\

w=(V /m) x LAiST) x Cig
where
vV i the volume of the solvent use for the extraction (ml) (in most case this\walue will be ¢qual
tg 10 ml);
m ig the mass of the tested specimen (g);
A,  idthe area of the peak of Dimethylformamide in the calibration standard
A.., idthearea of the peak of Dimethylformamide in the sample;
A;;  idthe area of the peak of Dimethylformamide-d7 in.the sample;
C, ig concentration of Dimethylformamide in the €alibration standard in microgram per liter;
Ci;  idconcentration of Dimethylformamide-dZ in the sample in microgram per liter;
a id the slope of the linear function;
b id the ordinate intercept of the calibration curve. The units depend of the evaluation.
10 Performance of the method
This method is able to detect‘DMF with a limit of quantification of 5 mg/kg or lower in PU cgated
materials.
11 Test report
The test replortshall include at least the following:

a) referen etaothic r]r\nnmnhf’ 1e TSﬂ 1641909:2021

o+t oo e TOTO TS oo T3

b) date of the test;

c) all details necessary for complete identification of the sample tested;
d) condition of sample receipt and storage before the test;

e) the amount determined of the extracted dimethylformamide in mg/kg;

f) any deviation from the given procedure.

4 © IS0 2021 - All rights reserved
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Annex A
(informative)

Suggested parameters for GC-MS determination of DMF

A.1 Measuring method

A.1.1 Measuring parameter

The [DMF is analyzed by gas chromatography/mass spectrometry on a singlenquad/MS use in a
simufltaneous SIM/SCAN mode.

A.1.2 Chromatographic conditions
Column:

Polaf stationary phase based on Polyethylene Glycol

Lengith: 30 meters
Internal diameter: 250 um
Film|thickness: 0,5 um

Carrler gas: Helium

60 °( during 2 min
230 {Cat 15 °C/min
230 1C during 4 min

Injedtor: 230 °C in splitless mode with an injection volume of 1 ul

A.1.3 Detection-conditions

Trangfer line:'240 °C

The §ingle'quad MS work in simultaneous SIM/SCAN mode.

The mass SCAN range is between 40 to 200 m/zZ.

The SIM mode focus on the following ions:

Compounds Ions
73 tifi
DMF (quantifier)
44 (qualifier)
DMF-d7 80 (quantifier)

50 (qualifier)

© IS0 2021 - All rights reserved 5
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