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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.

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 ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of
(a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patentrights in respect thereof. As of the date of publication of this document, ISO had not received notice
of (a) patent(s) which may be required to implement this document. However, implementers are
cautioned that this may not represent the latest information, which may be obtained from the patent
database available at wwsw.ise.ore/patentswww.iso.org/patents. ISO shall not be held responsible for
identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
wwwise.erg/ise/ferewerd-htmlwww.iso.org/iso/foreword.html,

This document was prepared by Technical Committee ISO/TC 38, Textiles, in collaboration with th
European Committee for Standardization (CEN) Technical Committee CEN/TC 248, Textiles and textil|
products, in accordance with the Agreement on technical cooperation between ISO and CEN (Vienn
Agreement).

WIS (D

Alist of all parts in the ISO 14184 series can be found on the ISO website. <

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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Textiles—— — Determination of formaldehyde———

Part 3
Free and hydrolysed formaldehyde (extraction method)- by liquid
chromatography

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 its use. It refers only to technical suitability. It is the responsibility of the user to determing
any legal obligations relating to health and safety, at any stage, prior to use. It has been assumed
in the drafting of this document that the execution of its provisions is entrusted to appropriately
qualified and experienced people.

1 Scope

19

This document specifies a method for determining the amount of free formaldehyde and formaldehyd
extracted partly through hydrolysis by means of an extraction method. The method can be applied for the
testing of textile fibres, fabrics or yarns.

NOTE: This method, based on liquid chromatography (LC), is selective and not sensitive to coloured extracts
and is intended to be used for precise quantification of formaldehyde.

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. Fo
undated references, the latest edition of the referenced document (including any amendments) applies.

=

IS0 3696, Water for analytical laboratory use — Specification and test methods <

1SO 14184-1 Textile —Determinati
e

3 Terms and definitions “

No terms and definitions are listed in this document.

=

ISO and IEC maintain terminelegicalterminology databases for use in standardization at the following
addresses:

— ——1ISO Online browsing platform: available at kttps://wwwise.erg/ebphttps://www.iso.org/obp | <

— ——IEC Electropedia: available at https://www-electropediaorg/https://www.electropedia.org

T

4 Conformity “

Compared with ISO 14184-1, the two analytical methods should give similar trends but not necessarily
the same absolute result. Therefore, in cases of dispute, the method in this document shall be used in
preference to ISO 14184-1 (see Note in Elause1).Clause 1).

© 150-2023- - All rights reserved 1
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5 Principle

The sample is extracted with extraction solution at 40°C. The eluate is mixed with 2,4-
dinitrophenylhydrazine (DNPH), whereby formaldehyde reacts to give the respective hydrazone. It is
separated by Liquid—Chremategraphyliquid chromatography with BltravieletDeteetor—{ultraviolet
detector (LC-UV) or Liguid-Chremategraphyliquid chromatography with Biede-ArrayDeteetordiode
array detector (LC-DAD) or Liquid—Chremetagraphyliquid chromotagraphy with Single Quadrupele
Masssingle quadrupole mass detector (-LC-MS-) or Liquid-Chremategraphyliquid chromatography with
Triple Quadrupele Masstriple quadrupole mass detector ( LC-MSMS ) and the amount is quantified.

The process is selective. Formaldehyde is separated and quantified as a derivative from other aldehydes
and ketones by LC. Free formaldehyde and formaldehyde which is hydrolysed during extraction to yield
free formaldehyde is quantified.

6 Reagents

All reagents shall be of analytical reagent grade, unless otherwise stated.

6.1 Grade 3 water, in accordance with ISO,3696. «

6.2 Acetonitrile (CAS Registry Number! 75-05-8), LC -MS grade.

6.3 Formaldehyde solution CH20 (CAS Registry Number? 50-00-0), approximately 37-% (mass
fraction).

6.4 Formaldehyde-2,4-DNPH certified reference material (CRM47177), 100- ug/ml.

Certified solutions of formaldehyde-2,4-DNPH, which are commercially available should be used. When-+
these solutions are used, the procedure in 9:19.1 is not required.

6.5 Dinitrophenylhydrazine (DNPH) (CAS Registry Number! 119-26-6) solution consisting of 0,3 g«
DNPH (2,4 dinitrophenylhydrazine) dissolved in 100-ml acetonitrile {6-2}.(6.2). DNPH commercially
available reagent should be = 97- %.

6.6 lodine solution (CAS Registry Number! 7553-56-2), 0,05- mol/l.

6.7 Sodium hydroxide solution (CAS Registry Number! 1310-73-2), 2,0- mol/l.

6.8 Sulfuric acid solution (CAS Registry Number?! 7664-93-9), 2,0- mol/l.

6.9 Sodium thiosulfate solution (C CAS Registry Number? 10102-17-7), 0,1- mol/l.

6.10 Starch solution (CAS Registry Number 9005-84-9), 1- %., for example, 1- g in 100- ml water
613:(6.1).

6.11 Sodium acetate (CAS Registry Number! 127-09-3) = 97- % purity.
6.12 Acetic acid (CAS Registry Number! 64-19-7) > 97- % purity.

6.13 Extraction solution - Acetic acid / sodium acetate buffer solution 0,1- mol/1 (pH = 5,0).

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.,

2 © ISO- 2023 - All rights reserved B
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ISO/FDIS 14184-3:2023(E),

Prepare 800-ml of distilled water {6-1}(6.1) in a 1660-1 000 ml flask. Add 9,53-g of Sodium acetatp:
{6-113(6.11) and 2,7- g of Acetic acid, {6-12)-(6.12). If necessary, adjust the pH with HCl or NaOH, then
make up to volume with distilled water {6-13-(6.1).
7 Apparatus

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

7.1 Stoppered volumetric flasks, for example,10- ml, 25- ml, 500- ml and 1- 000- ml. «
7.2 Conical flasks with stopper or screw cap, 250- ml.

7.3 Micro pipettes, for example, 10- ul to 100- ul, 100-ul to 1- 000-ul and 1-ml to 5-ml.

7.4 Burettes, for example, 10- ml and 50- ml.

7.5 Water bath, thermostatically controlled to (40-+ + 2)-°C, fitted with a flask shaker, frequency
(50 +10) min-1.

7.6 Water bath or oven, thermostatically controlled to (50-% + 2)-°C.

7.7 Strainer with glass fibre filter, GF8 (or glass filter strainer G3, diameter 70-mm to 100- mm).
7.8-__Analytical balance, with the resolution of 0,1- mg. «
7.9 HPLC system with UV, DAD, MS or MSMS detection. <
7.10 Membrane filter, for example polyamide, 0,45- pm.

8 Preparation of test specimen «

Do not condition the sample because the pre-drying and humidity in connection with the conditioning
may cause changes in the formaldehyde content of the sample. Prior to testing, store the sample in a
container.

Storage can be in a polyethylene bag and wrapped in aluminium foil. The reason for the storagb
precaution is that formaldehyde might diffuse through the pores of the bag. In addition, catalysts, or other
compounds present in a finished, unwashed fabric, can react with the foil if in direct contact.

[From the sample, cut the textile component into pieces of about 0,3- cm to 0,5- cm edge length.

9 Procedure
9.1 Formaldehyde stock solution “
9.1.1 Preparation of formaldehyde stock solution <
The use of commercially available Certified Reference Material solutions {6-4}(6.4) is recommended. Inj-«

house prepared stock solutions may be used only upon verification of precision data with the
formaldehyde-2,4-DNPH certified reference material solution.

o

If in-house stock solution is used, pipette 5-ml of the formaldehyde solution {6:3}(6.3) into
16661 000 ml volumetric flask {#4}(7.1) containing approximately 100- ml water {6-1}(6.1) and fill the
flask with water {6-1}(6.1) up to the mark. This solution is the formaldehyde stock solution (S1).

© 1S0- 2023 - All rights reserved 3 <
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ISO/FDIS 14184-3:2023(E),

9.1.2 Determination of the formaldehyde concentration in the stock solution «

Pipette 5- ml from the solution prepared as in 9-1.19.1.1 into a 250-ml conical flask {%#2}(7.2) and mix-
with 50 ml iodine solution {6:6}:(6.6). Add sodium hydroxide {6-7}(6.7) until it turns yellow. Allow it to
react for (15 + 1) min at 18 °C to 26 °C and then add 15- ml of sulfuric acid {6-8}(6.8) while swirling.

After adding 2- ml of starch solution {6-16};(6.10), titrate the excess iodine with sodium thiosulfate
{6:93(6.9) until the colour changes. Make three individual determinations.

Titrate at least two blank solutions in the same manner.
The concentration of formaldehyde stock solution is calculated according Fermula{1}:Formula (1):

RFA‘: Q=) xexMpy (Vo-V1) ><2[«'1 X MFpg (1)4
where “
Pra is the concentration of the formaldehyde stock solution, in mg/10- ml; <
Vo is the titre of the thiosulfate solution for the blank solution, in-ml; «
A is the titre of the thiosulfate solution for the sample solution, in ml; «
Mg, is the relative molecular mass of formaldehyde, 30,02- g/mol; «
C1  isthe concentration of the thiosulfate solution, in mol/l. <
9.2 Determination of formaldehyde “
9.2.1 Calibration of HPLC <

9.2.1.1 General

Proposals for suitable HPLC conditions are given in AnrexB-Annex B. «
9.2.1.2 Calibration with formaldehyde stock solution <

At least, four calibration solutions shall be used to cover the formaldehyde concentration range to cover=<
the formaldehyde concentration range of 5- mg/kg to 100- mg/kg.

Prepare the standard solution (S2) for calibration purposes, i.es. the standard solution is approximately
4- pg/ml in formaldehyde content.

For example, pipette 1- ml of the formaldehyde stock solution (S1) obtained in 9-1.1,9.1.1, with a precisely
know formaldehyde content, into a 500- ml volumetric flask {#13},(7.1), pre-filled with approximately
100- ml of extraction solution {6-13}.(6.13). Mix and fill to the mark with extraction solution {6-133,(6.13),
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then mix again. Add the standard solution (S2) into each of four 25 ml volumetric flasks {7+};(7.1), for
sample under the given conditions and fill the flasks {71}(7.1) up to the mark with extraction solution

{£6-133(6.13) and mix.

Here is an example:
— ——0,25-ml of S2 to 25- m], containing 0,05- pg CH20/ml = 5- mg/kg CH20 on the fabric N

— ——0,5-ml of S2 to 25-ml, containing 0,10- pg CH20/ml = 10- mg/kg CH>0 on the fabric

— ——2,5-ml of S2 to 25-ml, containing 0,50- pg CH20/ml = 50- mg/kg CH20 on the fabric

— ——5,0-ml of S2 to 25-m], containing 1,00- pg CH,0/ml = 100- mg/kg CH>0 on the fabric

Pipette 5- ml of each formaldehyde calibration solution, into 10- ml volumetric flasks {71},(7.1), pre-filled«

with 4 ml acetonitrile {6-2}.(6.2). Immediately upon addiction of the calibration solution, mix each flask
and add 0,5 ml DNPH solution {6:5}.(6.5). Fill the flasks up to the mark with extraction solution
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ISO/FDIS 14184-3:2023(E),

{6:133(6.13) and mix. Place the flasks in a water bath or oven {7.6}(7.6) preheated at (50-+ + 2)- °C pe|
(180-% + 2)- min. Then analyse the calibration solutions using liquid chromatography (LC-UV or LC-DAD
or LC-MS or LC-MSMS).

=

Calculate the first-order regression curve of the type y = a + bx. This regression curve will be used for all
measurements. If the test specimens contain a higher amount of formaldehyde than 500- mg/kg, dilute
the sample solution.

9.2.1.3 Calibration with derivatized DNPH-formaldehyde <

At least, four calibration solutions shall be used. Add the formaldehyde-2,4-DNPH {6-4}(6.4) into each gf«
four 25- ml volumetric flasks {743}(7.1) pre-filled with 4- ml acetonitrile {6:2},(6.2), in order to cover the
formaldehyde concentration range of 5 mg/kg to 100 mg/kg on sample, under the given conditions, and
fill the flasks {733(7.1) up to the mark with demineralized water {6-1}(6.1) and mix.

Here is an example:

— ——0,01-ml of formaldehyde-2,4-DNPH {£:43}(6.4) to 25- ml, containing 0,05- ug CH,0/ml = 5-mg/K
CH:0 on the fabric

%%

— ——0,02-ml of formaldehyde-2,4-DNPH {6:4}(6.4) to 25- ml, containing 0,10- ug CH,0/ml = 10—,mg/k§
CH:0 on the fabric

— ——0,1-ml of formaldehyde-2,4-DNPH {6:4}(6.4) to 25- ml, containing 0,50- ug CH,0/ml = 50—,mg/k§
CH:0 on the fabric

— ——0,2-ml of formaldehyde-2,4-DNPH {6:4}(6.4) to 25- m], containing 1,00- ug CH,0/ml = 100-,mg/k§
CH:0 on the fabric

Plot the concentrations in micrograms per ml in a calibration graph against the measured formaldehydla<
derivative peak area. X-axis: concentration in micrograms per ml, y-axis: peak area.

9.2.2 Extraction of the test specimen <

Y

tightly and place in a water bath {753}(7.5) at (40-% + 2)- °C for (60-+ + 5)- min. Shake the flask at leag
every 5-min, ensuring that the test specimens are entirely wet. Then filter the solution into another flas

through a filter (%7)(7.7).
If itis difficult te-ebtain-completely-wetfor the test specimens to be completely wet, a mechanical-shaking

AN et 3¢

water bath should be used.

Immediately after the extraction of the test specimen, proceed with the reaction with DNPH as reporteh
below.

9.2.3 Derivatization with DNPH and analysis N
9.2.3.1,  Pipette 4,0- ml of acetonitrile {6-2},(6.2), 5,0- ml aliquot of the filtered eluate {9:2-1}(9.2.1) angl«

0,5-ml of DNPH solution {6:5}(6.5) into a 10- ml volumetric flask {Z1}(7.1). Place the flask in the wate|
bath or oven {763}(7.6) preheated at (50 =2)°C for (180 = 2) min. Cool the flask down to roo
temperature (18- °C to 26-°C). Fill the volumetric flask with extraction solution {6:13}(6.13) up to th
mark and shake it briefly by hand to mix the components. If necessary, filter through a membrane filter
{#103(7.10) and then analyse the solution with liquid chromatography (%9}(7.9) (LC-UV or LC-DAD otr
LC-MS or LC-MSMS).

[Examples of chromatographic and spectroscopic conditions are given in ArnexB-Annex B.

9.2.3.2 For a high content of formaldehyde (> 500- mg/kg), make aliquots smaller than 5-ml up t
5- ml with extraction solution {6:13}.(6.13). Example of the procedure when formaldehyde content i
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