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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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parts in the ISO 17226 series can be found on the ISO website.

the recommended HPLC conditions, previously in 7.2.4, have been moved to an informative Annex B.

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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Leather — Chemical determination of formaldehyde
content —

Part 1:
Method using high performance liquid chromatography

1

Thi
Thi
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The

through hydrolysis contained in a water extract from the leather undér’standard conditions

2

Thd
con
und

ISO
ISO
ISO
ISO

No
ISO

Scope

5 document specifies a method for the determination of free and released formaldehyde
5 method, based on high performance liquid chromatography (HPLC), is selective and n
ploured extracts and is intended to be used for precise quantification of formaldehyde.

formaldehyde content is taken to be the quantity of free-formaldehyde and formaldehyd

Normative references

following documents are referred to in the text in stich a way that some or all of th
Ktitutes requirements of this document. For dated*teferences, only the edition cited 3
ated references, the latest edition of the referenced’document (including any amendmen

2418, Leather — Chemical, physical and mechgnical and fastness tests — Sampling location
3696, Water for analytical laboratory use.— Specification and test methods
4044, Leather — Chemical tests — Preparation of chemical test samples

4684, Leather — Chemical tests ~ Determination of volatile matter

Terms and definitions
erms and definitiofisare listed in this document.
and [EC maintainterminological databases for use in standardization at the following aq

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

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

n leathers.
t sensitive

b extracted

Pir content
pplies. For
[s) applies.

dresses:

4

coniormance

When compared with ISO 17226-2, 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 17226-2. See Annex A for additional information.

5

Principle

The process is selective. Formaldehyde is separated and quantified as a derivative from other aldehydes
and ketones by liquid chromatography. Detected is the free-formaldehyde and formaldehyde which is

hyd

rolysed during extraction to yield free-formaldehyde.

© ISO 2018 - All rights reserved
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The sample is eluted with a detergent solution at 40 °C. The eluate is mixed with
2,4-dinitrophenylhydrazine, whereby aldehydes and ketones react to give the respective hydrazones.
These are separated by means of a reversed-phase HPLC method, detected at (355 * 5) nm and
quantified.

6 Reagents

Use only reagents of recognized analytical grade, unless otherwise stated. The water shall be grade 3 in
accordance with ISO 3696. All solutions are aqueous solutions.

6.1 Reagents for the formaldehyde stock solution

6.1.1 Formaldehyde solution, approximately 37 % (mass fraction).

Certified s¢lutions of formaldehyde or formaldehyde-2,4-DNPH are commercially available. When these
solutions ajre used, the procedure in 8.1.2 is not required.

6.1.2 lodine solution, 0,05 mol/], i.e. 12,68 g iodine per litre.
6.1.3 Soglium hydroxide solution, 2,0 mol/L

6.1.4 Sulfuric acid solution, 2,0 mol/1.

6.1.5 Sodlium thiosulfate solution, 0,1 mol/I.
6.1.6 Starch solution, 1 %, i.e. 1 gin 100 ml water.

6.2 Reagents for the HPLC method

=
=3

6.2.1 Soglium dodecylsulfonate or sodium dodecylsulfate (detergent solution), 0,1 %, 1
1 000 ml wjater.

p

6.2.2 DiIitrophenylhydrazine (DNPH) solution, consisting of 0,3 g DINPH
(2,4-dinitrgphenylhydrazine) dissolved in 100 ml concentrated o-phosphoric acid (85 % mass fractipn).
(DNPH rectystallized from 25.% mass fraction, acetonitrile in water.)

6.2.3 Ace¢tonitrile HPLC grade.

7 Apparatus

7.1 Volumetric flasks, of capacities 10 ml, 500 ml and 1 000 ml.
7.2 Erlenmeyer flasks, of capacities 100 ml and 250 ml.
7.3 Strainer with glass fibre filter, GF8 (or glass filter strainer G 3, diameter 70 mm to 100 mm).

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

7.5 Thermometer, with 0,1 °C graduations over the range 10 °C to 50 °C.

2 © ISO 2018 - All rights reserved
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7.6 HPLC system with UV detection, (355 + 5) nm or other validated apparatus.

7.7 Membrane filter, polyamide, 0,45 pm.

7.8 Analytical balance, weighing to an accuracy of 0,1 mg.

8 Procedures

8.1 _Procedure for the determination of formaldehyde in the stock solution
8.1]1 Preparation of the formaldehyde stock solution

Pip

approximately 100 ml water and then fill the flask with demineralized water‘up to the

soly

8.1
Pip
solu
18 9

Aftq
unt
the

wh

8.2

btte 5 ml of the formaldehyde solution (6.1.1) into a 1 000 ml volumetric flask (7.1)

tion is the formaldehyde stock solution.

2 Determination

ette 10 ml from this solution into a 250 ml Erlenmeyer flask (:2) and mix with the 5
tion (6.1.2). Add sodium hydroxide (6.1.3) until it turns yellow. Allow it to react for (15
Cto 26 °C and then add 15 ml of sulfuric acid (6.1.4) while'swirling.

br adding 2 ml of starch solution (6.1.6), titrate the eXcess iodine with sodium thiosul

| the colour changes. Make three individual determihations. Titrate at least two blank {

Same manner.

(VO —V1)><C1 XMFA
2

PFA =

prA  is the concentration of the formaldehyde stock solution, in milligrams per 10 ml (
Vo  is the titre of thethigsulfate solution for the blank solution, in millilitres (ml);
V1 isthe titre of-the thiosulfate solution for the sample solution, in millilitres (ml);
Mprp  is the relative molecular mass of formaldehyde, 30,02 g/mol;

c1 is the~concentration of the thiosulfate solution, in moles per litre (mol/1).

containing
mark. This

ml iodine
t+ 1) min at

fate (6.1.5)
olutions in

ng/10 ml);

Procedure for the determination of formaldehyde in leather by the HPLC method

8.2.

T Sampling and preparation of samples

Sample in accordance with ISO 2418. If sampling in accordance with ISO 2418 is not possible (e.g. leathers
from finished products like shoes, garments), provide details about sampling together with the test
report. Cut leather in accordance with ISO 4044.

If the result is to be presented on the basis of dry substance, then test a further sample of the same
leather in accordance with ISO 4684 so that the moisture content can be calculated.

8.2.2 Extraction

Weigh approximately (2 + 0,1) g of leather pieces to the nearest 0,01 g into a 100 ml glass Erlenmeyer flask.

©IS
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Add 50 ml of detergent solution (6.2.1) (previously preheated at 40 °C) and fit the Erlenmeyer flask with
a glass stopper. Shake the contents of the flask in the water bath (7.4) for (60 * 2) min at (40 + 1) °C.
Immediately filter the warm extract solution by vacuum (use not less than 50 mbar) through a glass fibre
filter (7.3) into a flask. Cool the filtrate, in a closed flask, down to room temperature (18 °C to 26 °C).

Do not modify the leather/solution ratio. The extraction and analysis should be performed within the
same working day.

8.2.3 Reaction with DNPH

Pipette 4,0ml of acetonitrile (62 ) a 50 ml aliquat of the filtered eluate (82 2) and 05 ml of DNPH

solution (6
up to the n
but not mo
sample usi

For a high

2.2) into a 10 ml volumetric flask (7.1). Fill the volumetric flask with demineralizedGw

re than a maximum of 180 min. After filtering through a membrane filter (7.7), analyse
hg HPLC.

content of formaldehyde (>100 mg/kg), make aliquots smaller than 5 ml iip to 5 ml

water. Exajmple of the procedure when formaldehyde content is approximatelyn500 mg/kg: pip

4,0 ml of ag
DNPH solu
previous p

See Annex
8.2.4 Ca

8.24.1 (

fion (6.2.2) into a 10 ml volumetric flask (6.1). Then follow the protedure as described in|
hragraph.

B for additional information.
ibration of HPLC

alibration with formaldehyde stock solution

Pipette 1

| of the formaldehyde stock solution obtainéd in 8.1.1, with a precisely known formaldeh

hter

ark and shake it briefly by hand to mix the components. Allow it to stand for at least.60 1nin,

the

vith
btte

etonitrile (6.2.3), a 0,5 ml aliquot of the filtered eluate (8.2.2), add 4,5 ml water and 0,5 npl of

the

yde

content, info a 500 ml volumetric flask (7.1), pre-filled with approximately 100 ml water. Mix together
and fill to the mark with water, then mix again. This solution is the standard solution for calibration
purposes, i.e. the standard solution is approximately 2 pg formaldehyde/ml.

—

[ion
ese
nds
ven

In each of six 10-ml volumetric flasks (Z1);insert 4 ml acetonitrile (6.2.3), then add a concentra
series of 0,25 ml; 1,0 ml; 2,0 ml; 3,0 ml; 4,0 ml; and 5,0 ml, respectively, of the standard solution. T}
solutions dover the formaldehyde concentration range of 0,1 ug/ml to 2,0 ug/ml. (This correspg
to a formalldehyde in leather conéentration range of 5 mg/kg to 100 mg/kg leather under the g
conditions))

Immediate
solution (6.

y upon additiod-of the formaldehyde solution (6.1.1), mix each flask and add 0,5 ml D]
2.2). Fill the flasks up to the mark with demineralized water and mix. After at least 60 min

not more than 180 minyanalyse the samples using HPLC after filtration through a membrane filter (7.

Plot the ¢
formaldehj

pncentrations in micrograms per 10 ml in a calibration graph against the measy
dederivative peak area. x-axis: concentration in micrograms per 10 ml, y-axis: peak are

NPH
and
7).

red

1=

8.2.4.2 Calibration with derivatised DNPH-formaldehyde

In each of six 10-ml volumetric flasks (7.1), insert 4 ml acetonitrile (6.2.3), then add an adequate
quantity of derivatized DNPH-formaldehyde to ensure you have 1,0 ug; 4,0 pug; 8,0 ug; 12,0 pg; 16,0 pg;
and 20,0 pg, respectively, of formaldehyde.

Fill the flasks up to the mark with demineralized water and mix. After at least 60 min and not more
than 180 min, analyse the samples using HPLC after filtration through a membrane filter (7.7). For
the calibration plot a graph of the formaldehyde derivative peak area versus the concentration in
micrograms per 10 ml.

© ISO 2018 - All rights reserved
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8.2.5 Calculation of the formaldehyde content in leather samples
F
W = Ps
m
where

wr is the concentration of formaldehyde in the sample in milligrams per kilogram (mg/
ed to 0,01 mg/kg;

kg) round-

8.2
Det

Put
filty

stapdard solution to give an almost equal concentration to thatfound in the sample.

Fur
san|

whg

9

o ictha conmcnntratingy AL fovnaldohodn olhbainad frnn tha caliheation oo 190 i ne o
15+ €oRcentratioh-ortormataenyac-ovtatRe aHromthe-Carviaton-gapii

10 ml (pg/10 ml);
F  isthe dilution factor in millilitres (ml);

m is the mass of leather weighed in grams (g).

6 Spiking — determination of recovery rate
ermination of the recovery rate is not mandatory. If necessary the following procedure c

4 ml acetonitrile (6.2.3) into a 10 ml volumetric flask (7.1) and add an aliquot of 2,1
ate, obtained as described in 8.2.2. Then add an accuratelydetermined volume of the for

ther treat this solution following the procedure deseribed in 8.2.3 and determine ps; fo
e procedure. Carry out the determination and rep@art the value in the test report.

(ps2 —0,5p5)x100

PFA1

RR:

ere

[AmsS per

hn be used.

ml of the
maldehyde

lowing the

ps2  is the concentration of formaldehyde obtained from the calibration graph in micr¢grams per

10 ml (ng/10 ml);

0s is the concentration of formaldehyde in the non-spiked sample in micrograms per
(1g/10 ml);

pra1 is the spiked quantity of formaldehyde in micrograms per 10 ml (pg/10 ml);

Rr  isthefecovery rate in percent, rounded off to 0,1 %.

Expression of results

pame tha forn 1 d b da oo antration o o oo £ 01 g /l-g hacad anth acc

10 ml

Ex

B a axa.
TS5 T TOT AT CIT y L COTICCTIT atIUT CO- tIIC AT C ST U, T TiTg ) Isg o aSCU O CIICIIra S S OUT

sample tested.

fthe leather

If the results are to be reported on the basis of dry substance, multiply the results above by the factor
100/(100 - w), where w is the moisture content in percent (%) according to ISO 4684. If the results are
presented on the basis of dry substance, clearly mention this in the test report.

10

Test report

The test report shall include the following:

a)

reference to this document (i.e. [SO 17226-1);

b) type, origin and designation of the analysed leather sample and the sampling method used;

© ISO 2018 - All rights reserved
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c) theanalytical procedure used;

d) the analytical results for the formaldehyde content;

e) any deviations from the analytical procedure, particularly any additional steps performed;
f) the date of the test;

g) ifthe results are determined on the basis of the dry substance this shall be reported.

6 © ISO 2018 - All rights reserved
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Precision: reliability of the chromatographic HPLC method

nawmlavale of formaaldohvuda
unl ] ] £f ldahvud
KHewhreverSs-or+rormaraenyae-

Table A.1 — Reliability data of the chromatographic HPLC method

Leather sample | Mean formaldehyde Repeatability Reproducibility Recovdry rate
content
r R
mg/kg mg/kg mg/kg %
A 7,65 1,27 3,18 e
B 17,69 3,82 %97 96
C 28,69 5,40 11,42 a1
D 102,16 20,82 64,33 A
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