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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document includes a procedure for analysing certain bisphenols in leather tanning chemicals using
liquid chromatography (LC) equipment. With this analytical method, bisphenol A, bisphenol AF, bisphenol B,
bisphenol F and bisphenol S can be determined.

In the leather industry, bisphenol F can be an impurity in synthetic tanning agents. Bisphenol S is a monomer
that is used to manufacture synthetic tanning agents, which can lead to residues in the final product.

Bisphenol A is a synthetic organic chemical primarily used as a monomer in the manufacture of high-
performance plastics, other polymers, such as resins, and in the colour developer for thermoprint paper.
Bisphenol AF is a fluorinated organic compound that is an analogue of bisphenol A in which the two methyl
groups ar i i —Bi TSt i issed in the
manufacture of plastics and resins.

At present/the official European Chemicals Agency (ECHA) classification recognized in the European Union
(EU) is thelfollowing:

— bisphenol A as toxic to reproduction, skin sensitizer and endocrine disruptor;&l
— bisphenol B as endocrine disruptor;[2]

— bisphepnol S as toxic to reproduction and endocrine disruptor.[3]

© IS0 2024 - All rights reserved
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Chemicals for the leather tanning industry — Determination
of the total content of certain bisphenols

1 Scope

This document specifies a method for determining the total content (solvent extractable) of the following
bisphenolsfimrtirenmicats forthe feather tanming imdustry:

— bisphenol A;
— bisphenol AF;
— bisphenol B;
— bisphenol F;
— bisphenol S.

This methlod requires the use of liquid chromatography (LC) with" either a single quadriypole mass
spectrometer (MS), a triple quadrupole mass spectrometer (MS/MS), an ultraviolet (UV) detector, a diode
array deteg¢tor (DAD) or a fluorescence detector (FLD) to identifysand quantify the bisphenols.

NOTE1  This method can also be used for other bisphenols if they’are validated by the laboratory.

NOTE 2  Bisphenol S cannot be detected with FLD.

2 Normative references

There are po normative references in this do¢cument.

3 Termis and definitions
No terms ajnd definitions are listed'in this document.

ISO and [E€ maintain terminology databases for use in standardization at the following addresse|

2]

— IS0 Online browsing platform: available at https://www.iso.org/obp

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

4 Prindiple

The sample of the chemical is extracted in methanol using an ultrasonic bath. Subsequently, an aliquot of the
solution can be directly analysed, using LC-MS, LC-MS/MS or LC with a UV detector (LC-UV), DAD (LC-DAD)
or FLD (LC-FLD).

5 Apparatus

The usual laboratory apparatus and, in particular, the following shall be used:

5.1 Ultrasonic bath, with controllable heating capable of maintaining a temperature of (60 + 5) °C.

© IS0 2024 - All rights reserved
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5.2 Glass container with a screw cap, for example volume of 20 ml.

5.3 Suitable syringe membrane filters, for example PTFE with pore size 0,2 pm or PTFE-with pore size

0,45 um.

5.4 Volumetric flasks, for example volume of 10 ml and 100 ml.

5.5 LCyvials, with cap, for example volume of 2 ml.

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

5.7 Pipeftes, various sizes, for example volume of I ml to Z0 ml.
5.8 Instrumental equipment, LC-MS/MS.
5.9 Alternative instrumental equipment, LC-MS, LC-UV, LC-DAD or LC-FLD.

NOTE If two detectors are used, they can be arranged in series on the same LC system.

6 Reagents

If not othefwise specified, analytical reagent grade chemicals shalldyevused.

6.1 Met
quality. H

6.2 Watgr, deionised or distilled, ultra-pure quality.for LC-MS and LC-MS/MS, HPLC grade for I

and FLD.

6.3 Bisphenol A, CAS RN 80-05-7, minimuni 98,0 %.
6.4 Bisphenol AF, CAS RN 1478-61-1 minimum 98,0 %.
6.5 Bisphenol B, CAS RN 77-40-7/minimum 98,0 %.
6.6 Bisphenol F, CAS RN620-92-8, minimum 98,0 %.

6.7 Bisphenol S, CASRRN 80-09-1, minimum 98,0 %.

6.8 Stoc

EXAMPLE

anol, CAS Registry Number® (CAS RN)D 67-56-1. For LC-MS/MS it is necessary to H
L.C quality methanol is suitable for LC-UV, LC-DAD.6t LC-FLD.

k solations of a mix of bisphenol A, AF, B, Fand S, p = 1 mg/l], 10 mg/l and 50 mg/1.

ave LC-MS

C-DAD, UV

100 mg of each of the respective bisphenols, A (6.3), AF (6.4) B (6.5), F (6.6) and S (6.7), is

dissolved in

separate 100 ml volumetric flasks (5.4) with methanol (6.1). Mixed stock solutions are prepared to obtain, respectively,
concentrations of 1 mg/l, 10 mg/l and 50 mg/1 in methanol.

6.9 Internal standard, p = 50 mg/L.

When using LC-MS or LC-MS/MS, the use of internal standards for each type of bisphenol is highly

recommen

ded to avoid matrix effects.

Examples of suitable mass-labelled internal standards:

1) Chemical Abstracts Service (CAS) Registry Number® is a trademark of the American Chemical Society (ACS). 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.

© IS0 2024 - All rights reserved
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bisphenol A-DS,

CAS RN 92739-58-7;

bisphenol A-D16, CAS RN 96210-87-6;

bisphenol B-D8, CAS RN to be assigned;

bisphenol AF-13C12, CAS RN to be assigned;

bisphenol F-D10, CAS RN 1794786-93-8;

bisphenol S-D8,

CAS RN 2483831-28-1.

Prepare a 50 mg/1 solution of the internal standard by diluting the commercial solution with methanol.

6.10 Calillration solutions of bisphenols.

For LC-MS

ml of bisphenols using the stock solutions (6.8), see Table 1. For LC-DAD or UV or FLD,techniques

MS or LC/MS techniques, prepare at least four calibration solutions of p = 0,05:ug/ml o p = 1 pg/

prepare at

least four dalibration solutions of p = 0,5 pg/ml to p = 20 pg/ml using the stock solutions (6.8), se¢ Table 2.

Table 1 — Example of calibration solutions for LC-MS/MS or LC/MS

Concenjtration Volume methanol Volume of mix of Volume of mix of Volume of internal
6.1) bisphenols 1 mg/l | bisphénols 10 mg/1 | standard pt 50 mg/I
(6.8) (6.8) (6.9) (only for MS
detegtion)
pg ml pl pl pl yl
0,05 930 50 0 20
oj1 880 100 0 20
0)2 960 20 20
0J5 930 50 20
] 880 100 20

Table 2 — Example of calibration solutions for LC-DAD or UV or FLD

Concentration Volume methanol Volume of mix of Volume of mix of
6.1) bisphenols 10 mg/1 | bisphenols 50 mg/1
(6.8) (6.8)
pg/ml ul ul pl
0,5 950 50
2 800 200
10 0 1000
20 600 0 400

7 Sampling and sample preparation

The sample should be thoroughly mixed to get a representative test portion for analysis.

In the case of a powdered sample, if the particles are heterogeneous, manually or mechanically mill to
homogenize the size of the particles.

©1S0 2024 -

All rights reserved
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8 Procedure

8.1 Extr

action

Accurately weigh (0,2 + 0,050) g of the sample measured to the nearest 0,001 g with an analytical balance
(5.6) in a screw-top glass container (5.2) and add 20 ml methanol (6.1). Close the container and place it for

(60 + 5) mi

n in a pre-heated ultrasonic bath (5.1) at (60 + 5) °C.

After cooling down to room temperature, if the extraction solution appears opalescent or contains particles,
centrifugate it for (5 + 1) min at (4 000 + 400) rpm, then filter an aliquot of extraction solution (5.3) into a LC

sample via

For LC-MS
(5.5). Add
MS or LC-M

NOTE Ii
will be opal
This does n

8.2 Inst

The detect
FLD (5.9).
(for LC-MS

If the concg
new aliquo

1 (5.5). The aliquot is now ready for the LC-UV, LC-DAD or LC-FLD analysis.

or LC-MS/MS, take an aliquot of 200 pl of filtered extraction solution (5.3) into a I.C sample vial

780 ul of methanol (6.1) and 20 pl of internal standard (6.9). The aliquot is now ready
[S/MS analysis.

ue to the composition of the matrix, it is possible that at the end of the extraction precedure
escent, due to the low solubility in methanol of the other components of the chemical produ
t affect the extraction efficiency of bisphenols as they are very soluble in the extraction soluti

rumental analysis

on of the bisphenols is made using LC-MS/MS (5.8) or, alternatively, LC-MS, LC-UV, LC-
Examples of suitable chromatographic conditions are givenin Annex A (for LC-MS/M§
and Annex C (for LC-UV, LC-DAD and LC-FLD).

ntration of bisphenols is out of the range of the calib¥ation, make a suitable dilution an
t.

9 Expréssion of results

9.1 Calc

The conter]
the chemid

ulation without internal standand

t of each bisphenol is calculated. ds the mass fraction, w, in milligrams per kilogram

al sample according to Formula-(1):
L —b)-V
a-m

s the peakiarea of each bisphenol in the extraction solution;

s the ifitercept of the calibration graph;

stthe slope of the calibration graph;

for the LC-

the solution
ct analysed.
on.

DAD or LC-
), Annex B

d inject the

(mg/kg) of

)

4
m

Any detail

is the final volume used (20 ml);

is the mass of the chemical sample in grams (g).

shall be noted in the test report.

© IS0 2024 - All rights reserved
4


https://standardsiso.com/api/?name=1ea09bf4c90fe1f49c53774a8dbcbd7b

ISO 21135:2024(en)
IULTCS/IUC 442:2024(en)

9.2 Calculation with internal standard

The content of each bisphenol is calculated as the mass fraction, w, in milligrams per kilogram (mg/kg) of
the chemical sample according to Formula (2):

A
[A—S —b ] Cisample

isample '(V -d ) @
a m
where
A, is the peak area of each bisphenol in the extraction solution;
Aisample is the peak area of the corresponding internal standard in the extraction solutioln;
Cisamplp is the concentration of the corresponding internal standard in the extraction [solution in
micrograms per millilitre (pg/ml);
b is the intercept of the calibration graph;
d is the dilution factor (here d = 5 for dilution 200 pul to 1 000\d);
a is the slope of the calibration graph;
%4 is the final volume used (20 ml);
m is the mass of the chemical sample in grams (g).

9.3 Calculation of the results as a sum

The result may be expressed as a sum of different bisphenols.
All the bisghenols included in the sum shall be elearly identified.
The results of the relevant identified bisphenols (9.1 or 9.2) are added to give the result of the sumn.

For LC-MSJMS or LC-MS, if the resultifor a single bisphenol is lower than the limit of quantifiration (see
Clause 10),this result is considered-as’zero and is not included in the sum.

For LC-UV,|LC-DAD or LC-FLD,if.the result for a single bisphenol is lower than the limit of quantification (see
Clause 10),this result is considered as zero and is not included in the sum.
10 Precision

With this methed\it is feasible to reach limits of quantification (LoQ) below 10 mg/kg for eachj bisphenol
with LC-M$/MS and LC-MS and 100 mg/kg with LC-UV, LC-DAD or LC-FLD.

The resultsof interlaboratory trials to determine the bisphenol S and bisphenol F content in chemicals are
presented in Annex D.

11 Test report
The test report shall include at least the following information:
a) areference to this document, i.e. ISO 21135:2024;

b) type, origin and description of the chemical sample, if possible;

c) date of the test;

© IS0 2024 - All rights reserved
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f)
g)
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the type of detection technique used;

mass fraction of each quantified bisphenol (9.1 or 9.2) and the sum (9.3), if requested, expressed in
milligrams per kilogram (mg/kg);

any deviations from the procedure;

any unusual features observed.

© IS0 2024 - All rights reserved
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(informative)

Annex A

Chromatographic analysis operating parameters for LC-MS/MS

A.1 Preliminary comment

As the LC equipment (5.8) of the laboratories can vary, no general valid instructions can be provided for the

chromatog

A.2 LC-MS/MS operating parameters

A2.1 LC

Eluent 1:
Eluent 2:

Stationary

phase:

Column temperature:

Injection v
Volume flo
Gradient:

Detection j

plume:

Wi

barameters:

ultrapure water for LC-MS/MS

tMS/MS chromatographic conditions

methanol for LC-MS/MS

reverse-phase C18 column, 150 mryx*3,0 mm, 3 um, 22 % carbor

C18 guard column

35°C

2ul

400 pl/min
see Table A.1

see Table A2

Table A.1 — Gradient programme

raphic analysis. The following parameters have been successfully tested and used.

1 load, with

Time Eluent 1 Eluent 2
min % %
0 55 45
12 10 90
12,5 55 45
19 55 45
Detection mode: multiple reaction monitoring (MRM)
Collision gas: nitrogen
Spray gas: nitrogen
lonization: electrospray ion source (ESI) in negative mode
Drying gas temperature: 300C
Drying gas flow: 6 1/min

© IS0 2024 - All rights reserved
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Sheath gas temperature:

Sheath gas flow:

Nebulizer pressure:

Capillary voltage:

320°C

ISO 21135:2024(en)
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111/min

35 psi

2000V

A.2.2 Typical ions for LC-MS/MS

Table A.2 — Typical ions for LC-MS/MS

MRM

R Pecluster ;us €otsion
B 1spl||enol m/z potential engrgy
compopunds
Precursor ion Product ion \ eV
212a 100 20
bisphe¢nol A 227
133b 100 20
) 2652 140 20
bisphenol AF 335
69b 140 25
212a 140 10
bisphénol B 241
211b 140 20
) 932 100 20
bisphgnol F 199
105P 100 20
1082 160 25
bisphpnol S 249
92b 160 35

a

b

Quantification ion.

Qualifichtion ion.

© IS0 2024 - All rights reserved
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Annex B
(informative)

Chromatographic analysis operating parameters for LC-MS

Eluent 1:

Eluent 2:

ultrapure water for LC-MS

methanol for LC-MS

Stationary|phase:
Column teinperature:
Injection vplume:
Volume flojw:
Gradient:

Detection parameters:

reverse-phase C18 column, 100 mm x 2,1 mm, 2,7 um

40 °C

2ul

0,8 ml/min
see Table B.1

see Table B.2

Table B.1 — Gradient programme

Time Eluent 1 Eluent 2
min % %
0,01 70 30

20,00 20 80

21,00 20 80

25,00 70 30

28,00 stop stop

Table B.2 — Typical ions for LC-MS

Bigphenol compounds m/z target ion m/z reference jon
bisphenol S 4,4’ 249 (5 499 ()
bisphenol S 2,4 249 (1) 499 (1)

bisphenobE 199 (4) 231 ()
bisphenhel A 227 (5) 259 (5)
bisphenol B 241 (9) 273 ()
bisphenol AF 335(9) 367 (-)

© IS0 2024 - All rights reserved
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Annex C
(informative)

Chromatographic analysis operating parameters for LC-UV, LC-DAD

or LC-FLD
Eluent 1: ultrapure water for HPLC
Eluent 2: acetonitrile for HPLC
Stationary|phase: reverse-phase C18 column, 100 mm x 2,1 mm, 2,7 um
Column temperature: 40 °C
Injection vplume: 2 ul
Volume flojw: 400 pl/min
Gradient: see Table C.1
Detection parameters: see Table C.2

Table C.1 — Gradient pregramme

Time Eluent1 Eluent 2
min % %

0 95 5

4 80 20

6 80 20

8 50 50

9 5 95

11 5 95
11,5 95
13,5 95

Table C.2 — Detection wavelengths for UV, DAD and FLD

Bisphenol compounds Detectors Wavelength
A

bisphenol A UV, DAD 225 nm, 278 nm

bisphenol S/bisphenol B UV, DAD 259 nm
bisphenol F UV, DAD 228 nm, 278 nm
bisphenol AF UV, DAD 228 nm, 273 nm

. . excitation: 265 nm

bisphenol F/bisphenol B FLD emission: 305 nm

bisphenol A FLD excitation: 275 nm

emission: 313 nm

© IS0 2024 - All rights reserved
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