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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 19577:2019(E)

Footwear — Critical substances potentially present in
footwear and footwear components — Determination of
Nitrosamines

WARNING — The use of this document can involve hazardous materials, operations and
equipment. It does not purport to address all of the safety or environmental problems associated
with-i 0 i he resnonsibili 0 0 0 his-da 0 o _appropriate measures

nsure the safety and health of personnel and the environment prior to application of the
docyment.
1 $Scope

This|document specifies a method for the determination of the content of 42 Kinds of Nitrogamines (see
Anngx A) in footwear and footwear components by using solvent extraetion and Gas chromatography
with|mass selective detector (GC-MS).

This|document is applicable to rubber in footwear materials.

NOTH ISO/TR 16178 defines which materials are concerned.by this determination.

2 Normative references

The following documents are referred to in theztext 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 — Voluinetric instruments — Methods for testing of capacity|and for use

3 Terms and definitions
No tgrms and definitions are listed in this document.
ISO dnd IEC maintainterminological databases for use in standardization at the following gddresses:

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

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

4 Principle

Extract Nitrosamines in the sample with methanol using an ultrasonic bath. The extract is concentrated
in a rotary vacuum evaporator and purified by passing through C,4 solid-phase separation column. The
Nitrosamines in test solutions are analysed by GC-MS, using full scan detection mode for qualitative
analysis and selected ion monitoring (SIM) mode for quantitative analysis with an external standard
solution.

5 Reagents and materials

Unless otherwise specified, all the reagents used are chromatographic grade.

5.1 Methanol, CAS number: 67-56-1.

© IS0 2019 - All rights reserved 1
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5.2 C;gsolid-phase extraction column, 500 mg/3 ml freshly made in lab or obtained from commercial

sources.

5.3 Standard stock-solution, prepare stock solutions containing 200 mg/l of each Nitrosamine
(see Annex A) in methanol (5.1) respectively. These solutions should be stored in amber glassware in a

refrigerator

at (-18 = 3) °C. Under these conditions, the solutions can be used for 15 days.

NOTE Nitrosamines are susceptible to UV degradation, so extract and standard solutions cannot be exposed
to sunlight or fluorescent light sources. Test solutions or standard solutions can be wrapped in aluminium foil or
be stored in amber glassware in the dark at (-18 * 3) °C.

5.4 Standard working-solutions, freshly prepared by mixing standard stock-solutions

and diluting
(-18x3)°C

to 10 mg/1 with methanol (5.1). This solution should be stored in the absence of\ig

5.5 Internal standard for chromatographic analysis, see 8.3.2.

6 Appar

The usual 14

atus

boratory apparatus and amber laboratory glassware, according’to ISO 4787, shall be

in addition o the following.

6.1 Analyj]
6.2 Conic
6.3 Ultrag
6.4 Roun(

6.5 Rotarj
operation uj

6.6 Vorte)

tical balance, with a readability of at least 0,1 mg.

hl flask, amber, which can be tightly sealed, (e.g.*velume of 100 ml).
onic bath, with the working frequency of-40 kHz * 5 kHz.
1-bottomed flask, amber, (e.g. volumeof 25 ml, 100 ml).

y vacuum evaporator or Nitrogen evaporator, with adjustable temperature, suitab
p to 40 °C.

K mixer.

6.7 Volumetric flask, amber, (e.g. volume of 2 ml, 5 ml).

6.8 Solid

6.9 Centr

phase extraction device, with a vacuum pump.

ifuge tube, amber; (e.g. volume of 2 ml).

6.10 Centrifuge, 2 000 x g.

6.11 Syringe filter, 0,45 pum, for example PTFE.

6.12 GC vial, amber, (e.g. volume of 2 ml).

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

(5.3)
ht at

ised,

e for

Other chromatographic technics may be used, provided that they have been validated for this analysis.

© ISO 2019 - All rights reserved
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7 Preparation of test samples

Take a representative sample, cut into piece of less than 3 mm of length with appropriate tools.

8 Procedure

WARNING — Most Nitrosamines are potent carcinogens and every possible precaution shall be
taken to avoid human exposure.

8.1

Extraction

Weig
extra
exce
and 1

Filte

Add
extrg

Conc
of 21

Rem
vortg
meth

Aftel

h 5,0 g (accurate to 0,01 g) samples into a conical flask (6.2). Add 30 ml of methan
ct in an ultrasonic bath (6.3) for (30 = 2) min at room temperature. The temperaty
pd 40 °C. If the test sample is not sufficiently immersed in the extraction solventyadd 1
eport the final volume for calculation of Nitrosamines amount.

" the extract into a round-bottomed flask (6.4).

20 ml of methanol (5.1) into the conical flask (6.2) and repeat extraction again and
cts.

entrate the methanol extract to less than 2 ml with rotaryyacuum evaporator at 40 °C
3 kPato 16,3 kPa or nitrogen evaporator (6.5).

bve the round-bottomed flask (6.4) from the evaporator (6.5) and shake vigoroug
x mixer (6.6) for 1 min (so that the adhesive substance stuck to the bottle wall can be
anol).

evaporation, transfer the remaining liqui and the residue quantitatively into a

voluinetric flash (6.7) by using methanol (5:1) as rinsing solvent. Fill up the flask to thg

metH

8.2

Pre-
(see

solut
coml

Conc
nitrg
a sloy
flask

Tran|

anol (5.1).

Purification

inse the C;g column (5.2xwith methanol (5.1). Accurately transfer 2,0 ml of the
B.1) into the C;g column((5:2) and collect eluate. When the solution drains off (the surfaj
ion drops to filler’s surface), add 2 ml of methanol (5.1) into C;g column (5.2) twice
ine all the eluate if-aTound-bottomed flask (6.4).

entrate this selution to approximately 1 ml (not to dryness) in a rotary vacuum ey
gen evaporator (6.5) at no more than 40 °C. Then remove the remainder of methanol t
v flow ofinert gas. Dissolve the residue with methanol (5.1) and transfer it to an ambe
(6.7) and 'make up the volume with methanol (5.1).

ol (5.1) and
re shall not
hore solvent

rombine the

in a vacuum

ly with the
dissolved in

5 ml amber
 mark with

est solution
ce of sample
Collect and

aporator or
dryness by
I volumetric

sfer; this solution into an amber sample vial (6.12) after filtration with 0,45 pum syringg

filter (6.11)

and

L analizcl If acegirr (731 Y calitian) antnifon g
Slapit—alrdary SIS 1t nCCCSSary (v otOUS SUTUTIUTT), CCTITT T a g C— oIS

Pl s o o4
oMt omato

centrifuge tube (6.9) before transferring.

8.3

Chromatographic analysis

8.3.1 The chromatography parameters for GC-MS

See an example in Annex B.

© ISO

2019 - All rights reserved
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8.3.2 Qualitative and quantitative analysis by GC-MS

Inject an aliquot of standard working solution (5.4) and the test solution (see 8.2) separately into the
column for determination of Nitrosamines. Analyse qualitatively by external standard method through
selected characteristic ions (see Table A.1).

Within the linear range use at least five measurements at different concentrations. Example for
calibration solutions, see Table 1.

Table 1 — Calibration solutions (examples)

Standard Et £2 £3 h5
Volume of thle standard working-solution (pul) (5.4) 50 100 250 500 7000
Volume of sglution (ul) (5.1) 950 900 750 500 D
Concentration of Nitrosamine (mg/1) 0,5 1,0 2,5 5,0 10,0

If the respdnse value of test solution is out of the linear range of the detectorndilute the solition
appropriate]y before measurement.

NOTE Unpder the above analysis conditions, GC-MS total ion chromatogram.of 12 kinds of Nitrosgmine
standards is given in Annex C.

For N-nitroso-N-methylaniline, N-nitroso-N-ethylaniline and N-iitroso-diphenylamine, those
decompose ft injector temperature. If peaks of their characteristicions in the chromatogram are fgund,
these Nitrogamines shall be confirmed according to Annex D and:Erand reported in test report.

This analysis should also be performed using an internal standard for the quantification. The following
two been prjoved as usable:

— N-nitro$o-N,N,-dimethylamine-d6, CAS number: 12829-05-9;
— N-nitrogo-N,N,-di-n-propylamine-d14, CAS nimber: 93951-96-3.

9 Expression of results

9.1 Calculation of results

The content|of each Nitrosamin€in the sample is calculated by Formula (1):

Ai C; xV
X, = €y
Al xXm
1B
where
X; is the content of Nitrosamine i in the sample;
4 is the peak area of Nitrosamine i in the test solution, in area units;
Ajg is the peak area of Nitrosamine 7 in the standard working solution, in area units;
c; is the concentration of Nitrosamine i in the standard working solution, in pg/ml;
% is the volume of the test solution (see 8.1), in ml;
m is mass of the sample (see 8.1),in g.

Results are rounded to 0,1 mg/kg. When the result exceeds 100 mg/kg, express the result to the nearest
1 mg/kg.

4 © IS0 2019 - All rights reserved
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For determination using internal standard method. Set up the linear regression function by using the
following ratio (4;/4;¢) and (C;/C;;) with the help of Formula (2):

A C;
—=axX—+b (2)
Ais is
where
A; is the peak area of Nitrosamine i in the test solution, in area units;
Ajg is the peak area of internal standard in the working solution, in area units;
Li iD t}lC LUllLClltl dtiUll Uf r‘i‘ltl UDalllillC l. ill t}lc Dtdllddl C‘l VvV Ul }\ills DU}utiUll, ill HB/’lll};
is is the concentration of internal standard in the working solution, in pg/ml
a is the slope of the linear function;
b is the ordinate intercept of the calibration curve. The units depend of theevaluation.

9.2 | Limit of Quantification

This|method is able to detect the Nitrosamines listed in Table A.1 with a limit of quantification of
0,5 npg/kg or lower. Results below 0,5 mg/kg should be reported as below limit of quantificption (LOQ).

See nesults of the inter-laboratories tests in Annex F.

10 Test report

The test report shall include at least the following infermation:

a) areference to this document, i.e. ISO 19577:2019;

b) all information necessary for complete idéentification of the sample tested;
c) {estresults;

d) information on confirmation ‘and method used;

e) 4ny deviation from this document.

© IS0 2019 - All rights reserved 5
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Annex A

(informative)

Names of 12 kinds of Nitrosamines and the Standard selective

GC-MS ions

2 hla
pu-sces

Names Of 12 Lindc aof Nitracarinac and tho Standard colactivainonce caan
SOt e SR e SahHatneotdhadraSereeteve-1o ee

ISTTITeE

T

A= = v

Table A.1 — Names of 12 kinds of Nitrosamines and the Standard selective GC-MS\ions

N2 |Substafce CAS No. |Molecular formula| Quantitative ion | Characteristic jons

1 |N-nitrojo dimethylamine 62-75-9 C,HgN,0 74 74,42,43

2 |N-nitrogo methyl-ethylamine |10595-95-6 C3HgN,0 88 88,42,56

3 [N-nitrogo diethylamine 55-18-5 C4H{oN,0 102 102, 42 56

4 |N-nitrogo pyrrolidine 930-55-2 C4HgN,0 100 100, 41, 42

5 [N-nitrogo-N-methylaniline 614-00-6 C,HgN,0 106 106, 107, 77,

6 |N-nitrogo morpholine 59-89-2 C,HgN,0, 56 56,86, 116

7 |N-nitrogo dipropylamine 621-64-7 CeHi4N,0 70 70, 43,130

8 [N-nitrogo piperidine 100-75-4 CsHoN,0 114 114,42, 55

9 |N-nitrogo-N-ethylaniline 612-64-6 CgHyoN,0 106 106, 121, 77

10 |N-nitrogo dibutylamine 924-16-3 CgHigN»0 84 84, 57,41

11 |N-nitrogo-diphenylamine 86-30-6 C1oHi{pN,0 169 168, 169, 51

12 |N-nitrogo dibenzylamine 5336-53-8 CizH4N,0 91 91, 65, 226
Other Nitrosamines may be analysed with this document-provided that they have been validated with this test meth¢d. In
particular, th¢ir stability during the analysis shall bé considered.

© ISO 2019 - All rights reserved
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Annex B
(informative)

The chromatography parameters for GC-MS

The test results depend on the equipment used, so it is impossible to provide the general parameters for
chromatographic analysis. Operating parameters given below, as an example, have been proved to be
feasiple:

a) ¢apillary column: DB-5MS 30 m x 0,25 mm x 0,25 pum, or equivalent;

b) tYemperature program: 38°C(4 min)m&% °C(4 min)mSOO °C(6 mjn);

c) injector temperature: 200 °C;

d) MS transfer line temperature: 280 °C;

e) ¢arrier gas: helium (purity 299 %), flow rate: 1,0 ml/min;
f) ionization mode: EI;

g) ionization energy: 70 eV;

h) ass scan range: 35 m/z to 260 m/z;
i) injection mode: Splitless;
j) injection volume: 1 pl;

k) detection mode: Scan and SIM.

© IS0 2019 - All rights reserved 7
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Annex C
(informative)

GC-MS total ion current of Nitrosamine standard sample

GC-MS total ion current of Nitrosamine standard sample see Figure C.1.
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Figure C.1 — GC-MS total ion current of Nitrosamine standard sample
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Annex D
(normative)

Confirmation of detected Nitrosamines

General

Anal
and
the j
for

deco
prod
N-mg
perfq

D.2

Nitrd
extry
vial.
irrad
of pd
effec
also

Com

Ifthe
aften

If th
indig
posit

bxpensive spectrometers. Most abundant mass spectral peaks are the molecular i

N-nitroso-N-methylaniline, N-nitroso-N-ethylaniline and N-nitrose-diphenyla
mpose at the injector temperature, the molecular and protonated molecular fragme

ict N-methylaniline, N-ethylaniline and diphenylamine are detected.*Consequentl

thylaniline, N-ethylaniline and diphenylamine are found in a sample, further analys
rmed to confirm corresponding Nitrosamines in at least one of thefollowing ways.

Photodecomposition

samines are confirmed via their susceptibility to UV.rays. Purify another 2,0 ml of th
ction solution (see 8.1) according to 8.2. Transfer the test solution into a UV transpa
['he testvialis placed parallel to a high-pressuresthercury lamp (A, ,,
iation of UV rays. After sufficient illuminationsfat least 3 h), perform GC-MS analysis. T
aks in chromatogram is applied for confirmation of the identity of detected Nitrosar
tiveness control, the UV irradiation of a-similarly standard solution under the same (
nvestigated.

bare with the initial chromatogramwithout exposing to UV irradiation.

peaks corresponding to Nitrosamines disappear or the intensity of peaks is decreased
UV irradiation, the presencge of Nitrosamines is confirmed.

b intensity of peaksis-not decreased significantly after following the above proc
ates that the initialpeaks did not correspond to a Nitrosamine, and it shall be deem
ive.

ysis of Nitrosamines using GC-MS is relatively simple and does not require complex| procedures

[M]** and

protonated molecular fragment ion [M+H]* in the electron impact ionizationf mode. However,

ine, that
ions of the

7/, whenever
is should be

e remaining
rent sample

=365 nm) and subjected to the

he variation
nines. As an
onditions is

bignificantly

edures, this
bd as a false
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Annex E
(normative)

Alternative methods

E.1 High Performance Liquid Chromatography (HPLC)

High Perfor
Nitrosaming

HPLC condit
HPLC condi
detectors or

Chromatog

Mobile phas

equivalent:

ShH

Column temjperature:

Injection vo

Gradient

E.2 Gas (

Examine Ni
Energy Ana

EN 12868:2

E.3 Liqu

Liquid chrd
determine N

EN 71-12:20[16 provides suitable sets of conditions for the testing of Nitrosamines.

ume:

Lhromatography with Thermal . Energy Analyzer (GC-TEA)

D17 provides further infornyation on employing TEA detection.

aphic column:

d Chromatography with tandem Mass Spectrometry (LC-MS/MS)

mance Liquid Chromatography (HPLC) is recommended for the qualitative confirmatipn of
s. After confirmation, determine quantitatively corresponding Nitrosamines with)\GC-MS.

ions shall be suitable to generate sufficient retention time for Nitrosamines\ The following
fions have been found suitable for the determination of Nitrosamines)ywhen using|DAD

C1g 250 mm x 4,6 mm x 5,0 pm, or equivalent
Acetonitrile in Water (60/40)

40°C

20 pl

Isometric elution for 15 min

trosamines by gas chromatography employing a chemiluminescence detector (Thdrmal
yzer). The TEA detector is very sensitive to confirm the structure of Nitrosamines.

matography using tandem mass spectrometry (LC-MS/MS) has also been appligd to
itrosamines;

10
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