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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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Leather — Chemical determination of formaldehyde
content —

Part 2:
Method using colorimetric analysis

1

Thi
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formaldehyde.

The

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

Thi
cou

2

Thd
con
und

ISO
ISO
ISO
ISO
ISO
perj
3
No

Scope

5 document specifies a method for the determination of free and released formaldehyde
5 method, based on colorimetric analysis, is not intended to be used for a ptrecise quant

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

5 process is not absolutely selective for formaldehyde. Other‘compounds such as extn
|d interfere at 412 nm.

Normative references

following documents are referred to in the téxt'in such a way that some or all of th
stitutes requirements of this document. Fordated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

2418, Leather — Chemical, physical andwmechanical 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 — Chemitaltests — Determination of volatile matter

17226-1, Leather < €hemical determination of formaldehyde content — Part 1: Method|
formance liquid chromatography

Terms.and definitions

ermsSand definitions are listed in this document.

ISO

n leathers.
ification of

b extracted

acted dyes

Pir content
pplies. For
[s) applies.

using high

and IEC maintain terminological databases for use in standardization at the following ad

dresses:

4

[SO Online browsing platform: available at https://www.iso.org/obp

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

Conformance

When compared with ISO 17226-1, the two analytical methods should give similar trends but not
necessarily the same absolute result. Therefore, in cases of dispute, ISO 17226-1 shall be used in
preference to this document.
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5 Principle

The leather sample is eluted with detergent solution at 40 °C. The eluate is treated with acetylacetone,
whereby formaldehyde reacts to give a yellow compound (3,5-diacetyl-1,4-dihydrolutidine). The
absorbance of this compound is measured at 412 nm. The amount of formaldehyde corresponding to the
absorbance value for the test specimen is obtained from a calibration curve prepared under identical
conditions.

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 splutions of formaldehyde are commercially available. When these'solutions are used,|the
procedurefin 8.1.2 is not required.

6.1.2 lodine solution, 0,05 mol/l, 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/l.

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

6.2 Reagents for the colorimetric method

=
=3

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

6.2.2 Solution 1, 150 g-ammonium acetate + 3 ml glacial acetic acid + 2 ml acetylacetone (pentgne-
2,4-dione, CAS 123-54-6) i’ 1 000 ml water.

The solutign can bestored for one week in a dark place (it is sensitive to light).

6.2.3 So1ution 2,150 gammonium acetate + 3 ml glacial acetic acid in 1 000 ml water.

6.2.4 Dimedone solution, 5 g dimedonel) in 1 000 ml water. Prepare immediately before use.

In some cases, dimedone cannot be readily dissolved in pure water. In such cases, dimedone can be
dissolved in a small amount of ethanol and then made up to volume with water.

7 Apparatus

Use the usual laboratory equipment and, in particular, the following.

7.1 Volumetric flasks, of capacities 10 ml, 50 ml and 1 000 ml.

1) Dimedone (CAS 126-81-8) or methone is 5,5'-dimethyl-1,3-cyclohexanedione.

2 © ISO 2018 - All rights reserved
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Erlenmeyer flasks, of capacities 25 ml, 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

7.5

+10) min-1,

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

7.6

7.7

The
or j

8
8.1

8.1

Pip

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

soly

8.1

Pip
(6.1
26

Aftq
unt
the

whg

A 1 .l 11 1 - I e |
Alldlyuldl UDdIdIICT, WCIEIIIIE LU dIl dtCUuldly O1I'U, 1 1115,

Spectrophotometer, with suitable semi-micro cells capable of measuring absorbance 3
recommended cell path length is 20 mm. To increase the sensibility, a semi-micto cell W

0 mm optical path length can be used.

Procedures
Procedure for the determination of formaldehyde in‘the stock solution
1 Preparation of the formaldehyde stock solution

ette 5 ml of the formaldehyde solution (6.1.1) intoa 1 000 ml volumetric flask (7.1)

tion is the formaldehyde stock solution.

2 Determination

.2). Add sodium hydroxide (6.1.3) until it turns yellow. Allow it to react for (15 * 1) min
C and then add 15 ml of sulfuric acid (6.1.4) while swirling.

br adding 2 ml of starch golution (6.1.6), titrate the excess iodine with sodium thiosul
] the colour changes. Make three individual determinations. Titrate at least two blank
same manner.

(VO _Vl)xcl XMFA
2

PFA =
ke

PFA “is the concentration of the formaldehyde stock solution, in milligrams per 10 ml (m

it 412 nm.

rith 40 mm

containing
mark. This

btte 10 ml from this solution into a 250-ml Erlenmeyer flask (7.2) and mix with 50 ml iodije solution

at 18 °C to

Fate (6.1.5)
olutions in

z/10 ml);

Vo is the titre of the thiosulfate solution for the blank solution, in millilitres (ml);
V1 isthe titre of the thiosulfate solution for the sample solution, in millilitres (ml);
Mg, is the relative molecular mass of formaldehyde, 30,02 g/mol;

c1 isthe concentration of the thiosulfate solution, in moles per litre (mol/1).
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8.2 Procedure for the determination of formaldehyde in leather by the colorimetric

method

8.2.1 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 an additional sample of the same

ik 1CN 4204 o o+ +1 alcnlatad

leather in 3

8.2.2 Ex

Weigh app
flask. Add
flask with
(40+1)°C.
a glass fibr
to 26 °C).

Do not modlify the leather/solution ratio. Extraction and analysis should-be performed within the s

working dz

8.2.3 Re|

Pipette 5
solution 1
a temperat
to 26 °C th
from a mix
obtained a
absorbancg

For the p
obtained i
solution 2
obtained a

For a high ¢
Example o
the filtrate
described 1
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fraction

Foximately (2 + 0,1) g of leather pieces to the nearest 0,01 g into a 100 ml glass ‘Erlenmg
50 ml of detergent solution (6.2.1) (previously preheated at 40 °C) and fit the Erlenmge
a glass stopper. Shake the contents of the flask in the water bath (7Z.4)for (60 + 2) mi

e filter (7.3) into a flask. Cool the filtrate, in a closed flask, down toreom temperature (1

y.
action with acetylacetone

nl of the filtrate obtained in 8.2.2 into a 25 ml*Erlenmeyer flask (7Z.2) and add 5 m
[6.2.2). Fit the Erlenmeyer flask with a glass.stopper. Stir the solution for 30 min * 1 mi
ure of (40 £ 1) °C. Cool the solution in the dark for at least 30 min to a temperature of 1
bn measure the absorbance spectrophotemetrically at 412 nm against a blank solution m
ture of 5 ml detergent solution (6.2.1) plus 5 ml solution 1 (6.2.2). Register the absorbg
s Ep. The maximum time between(the end of the derivatization and the measure of
e should be 1 h.

rpose of determining the.absorbance resulting from the initial colour of the filt

[6.2.3). Thereafter, the same method is applied as with the sample. Register the absorbg
5 Fe.

ontent of formaldehyde (>100 mg/kg), make aliquots smaller than 5 ml up to 5 ml with w3
[ the proceddievwhen formaldehyde content is approximately 500 mg/kg: pipette 0,5 n
(8.2.2) intora 25 ml Erlenmeyer flask (7.2), add 4,5 ml water, then follow the procedur
n opening/paragraph of this subclause.

8.24 Chr:cking reagents for absence of formaldehyde

yer
yer
h at

Immediately filter the warm extract solution by vacuum (use not less than 50 mbar) through

B °C

nme

] of

n at

B °C
ade
nce
the

fate

8.2.2, pipette 5 ml of the filtrate (8.2.2) into a 25 ml Erlenmeyer flask (7.2) and add 5 npl of

nce

ter.
| of
b as

Measure 5 ml detergent solution (6.2.1) plus 5 ml solution 1 (6.2.2), using 5 ml of detergent solution
(6.2.1) plus 5 ml of water as the reference. The measured absorbance shall not be larger than 0,025
when measured in a 20 mm cell at 412 nm, 0,063 when measured in a 50 mm cell at 412 nm or 0,050
when measured in a 40 mm cell at 412 nm.

8.2.5 Testing other compounds which cause a colouring with acetylacetone

Mix 5 ml of the filtrate obtained in 8.2.2 with 1 ml dimedone solution (6.2.4) and warmitup to40°C+1°C
for (10 £ 1) min. Add 5 ml of solution 1 (6.2.2) and keep the mixture at (40 * 1) °C for (30 * 1) min. After
cooling down to room temperature, take a spectrophotometer absorbance measurement at 412 nm
against a similar solution, which instead of solution 1 (6.2.2) contains 5 ml of solution 2 (6.2.3). This
absorbance shall be less than 0,05 (measured in a 20 mm cell) when formaldehyde is found in the
leather sample measurement.
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When the absorbance is greater than 0,05, carry out the procedure in accordance with ISO 17226-1.
If this is not possible, a note shall be made in the test report to the effect that other compounds were
detected within the analysis that could cause a positive response for formaldehyde.

8.2.

6 Calibration

The following calibration procedure refers to the measurement with a 20 mm cell. Other calibration

can

be used with a 40 mm cell and 50 mm cell.

Pipette 5 ml of the formaldehyde stock solution obtained in 8.1.1 with an precisely known amount of

for

aldehyde into a 1 000 ml volumetric flask (71) which has heen pre-filled with 100 ml

water. Mix

tog

stapdard solution for calibration purposes, i.e. the standard solution is approximately 10 j1g

Fro
(z1
3,0
kgl

Fro
soly

Aftq
at 4

Pri
solu
soly

Plot
abs

8.2

whd

bther and fill the flask up to the mark with water and mix again thoroughly. This sok

M this solution, pipette 1 ml, 5 ml, 10 ml, 15 ml and 20 ml each into separate 50 mJ) volum

and fill with water. These solutions cover the formaldehyde concentration\range of 0,
lig/ml. (This corresponds to a formaldehyde in leather concentration rangg of 5 mg/kg
pather under the given conditions. For higher concentrations, use a smaller aliquot of filt

M these six solutions, pipette 5 ml of each and mix in a 25 ml Exlenmeyer flask (7.2)
tion 1 (6.2.2). Warm this mixture up to (40 £ 1) °C and shake atthis temperature for (30

br cooling down to room temperature (protect from light), take a spectrophotometer me
12 nm against a blank solution consisting of 5 ml solutiomy’(6.2.2) and 5 ml water.

r to measuring, set the zero point of the spectrophotometer (7.7) with the blank sa
tion 1 (6.2.2) and 5 ml water], which was treated under the same conditions as the
tions.

the concentrations in micrograms per millilitre (ng/ml) in a calibration graph against thg
brbance. x-axis: concentration in micrograms per millilitre (ug/ml), y-axis: absorbance.

7 Calculation of the content of formaldehyde of the leather sample

(Ep—Ee)xVyxV

Wp

FxmxV,

rounded’off to 0,1 mg/kg;
is the absorbance of the filtrate after reaction with acetylacetone;

is the absorbance of the filtrate (initial colour);

tion is the
ml.

ptric flasks
2 ng/ml to
[0 100 mg/
Fate.)

with 5 ml
+ 1) min.

asurement

mple [5 ml
calibration

measured

is the coneentration of formaldehyde in the sample in milligrams per kilogram (mg/kg),

8.2.

1s the volume of elution in millilitres (ml) (standard conditions: 50 ml);

is the aliquot taken from the filtrate in millilitres (ml) (standard conditions: 5 ml);

tions: 10 ml);
is the gradient of calibration curve (y/x), in millilitres per microgram (ml/ug);

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

8 Spiking and recovery rate

is the volume of solution obtained in 8.2.3 after reaction, in millilitres (ml) (standard condi-

The determination of recovery rate is not mandatory. If necessary, the following procedure can be used.

© ISO 2018 - All rights reserved
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Pipette 2,5 ml of the filtrate obtained in 8.2.2 into each of two 10 ml volumetric flasks (7.1). Add to one
volumetric flask an exactly determined volume of the formaldehyde standard solution for calibration
(8.2.6), to give approximately the same concentration as was found in the sample. Fill both volumetric

flasks with

water to the mark.

If the amount of formaldehyde in the leather is below 20 mg/kg, take a 5 ml aliquot instead of 2,5 ml.

If in the leather sample the amount of formaldehyde is 30 mg/kg, then spike it with 0,5 ml of the
formaldehyde standard solution (8.2.6).

Transfer the contents of the volumetric flasks to separate 25 ml Erlenmeyer flasks (7.2). Add 5 ml of

solution 1

After cooli
blank mad
spiked sanm

(

1

Ry

Ing down (protect from light), take a measurement of the absorbance at 412 nm @gain|

6.2.2)and str for (30 Iy minat (40 1J°C.

e of 5 ml detergent solution (6.2.1) plus 5 ml solution 2 (6.2.3). Register the absorbarce of
ple registered as Ea. The absorbance of the unspiked sample is recorded as Ep.

7a —Ep )x100

where
Ep is
Ep is

Ezy is
tid

RR is

If the recoy

E

Zu

the absorbance of the spiked sample;
the absorbance of the non-spiked sample;

the expected absorbance for the quantity of formaldehyde that was added (from the calil
n graph);

the recovery rate in percent, rounded off to'0;1 %.

rery rate (RR) is not between 80 % and 120 %, the analysis should be repeated.

9 Expr

Express the formaldehyde concentration to the nearest 0,1 mg/kg based on the mass of the leaf
sample tested.

The meas

If the resul
100/(100 A
presented

ssion of results

ement precision from an interlaboratory trial with 15 participants is presented in Anng

ts are to be réported on the basis of dry substance, multiply the results above by the fa
w), wheregwfis the moisture content in percent (%) according to ISO 4684. If the results
bn the basis of dry substance, clearly mention this in the test report.

10 Test report

St a
the

ra-

her

x A.

Ctor
are

The testre
a)
b)
‘)
d)
e)
f)

any de

port shall include the following:

reference to this document (i.e. [SO 17226-2);
type, origin and designation of the analysed leather sample and the sampling method used;
the analytical procedure used;

the analytical results for the formaldehyde content;

viations from the analytical procedure, particularly any additional steps performed;

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

© ISO 2018 - All rights reserved 7
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