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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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The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
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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Attention i
patent righ
any patent
on the ISO

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténf rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

Any trade not

constitute

hame used in this document is information given for the convenience of users and does
an endorsement.

For an ex
assessmen
Barriers to

blanation on the meaning of ISO specific terms and €xpressions related to confory
L, as well as information about ISO’s adherence to.the WTO principles in the Techn
Trade (TBT) see the following URL: Foreword - Supplementary information

hity
ical

The commlttee responsible for this document is ISO/TC 89, Wood-based panels.

This second edition cancels and replaces the first edition (ISO 12460-3:2008), which has Heen

technically revised.

The objectjve of the revision was to improve the detection limit and the reproducibility of the method

with regarfl to boards with low formaldehydée content.

Compared|[to ISO 12460-3:2008, the following modifications have been made:

a) in 6.1 preparation of test pieces-is described more in detail;

b) in 6.2 ecommendation ofmaximum time 72 h after sampling for formaldehyde determination is
added

c) in 6.4 ¢onditioningfor sampling and testing in case of dispute is added;

d) in 7.1 4nd 8.2s2*procedure and evaluation of third determination are modified;

e) in 7.3 yise.of smaller gas wash bottles and volumetric flasks to improve the sensitivity is included
as an optioty;

f) in 7.4.3 the use of a mixed reagent is included as an option to reduce the amounts of aqueous
solution and hence improve the sensitivity;

g) in 7.4.3 temperature of water bath increased to 60 °C and cooling procedure is modified;

h) in 7.4.4.1 minimum interval of check of the calibration curve is extended to once a month;

i) in Clause 9 age and treatment of the sample are included in the test report;

j) inFigure 2 calibration curve is modified.

ISO 12460 consists of the following parts, under the general title Wood-based panels — Determination of
formaldehyde release:

iv © ISO 2015 - All rights reserved
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— Part 1: Formaldehyde emission by the 1-cubic-metre chamber method
— Part 3: Gas analysis method

— Part 4: Desiccator method

— Part 5: Extraction method (called the perforator method)

Additional parts dealing with small-scale chamber method is planned.

© ISO 2015 - All rights reserved v
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INTERNATIONAL STANDARD ISO 12460-3:2015(E)

Wood-based panels — Determination of formaldehyde
release —

Part 3:
Gas analysis method

1 (Scope

Thip part of ISO 12460 specifies a procedure for determination of accelerated formaldehyde release
from uncoated and coated wood-based panels using the gas analysis method~Fhe procedure is also
suitiable for the testing of other materials (e.g. edge bands, floor coverings, foants, foils, laminated wood
profucts, veneered wood products, coated wood products).

2 |Normative references

The following documents, in whole or in part, are normativély*referenced in this documgnt and are
indispensable for its application. For dated references, ofly ‘the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.

(%)

[SO|16979, Wood-based panels — Determination of moisture content

[SO[16999, Wood-based panels — Sampling and cutting of test pieces

3 [Principle

A tgst piece of known surface area s placed in a closed chamber in which the temperaturd, humidity,
airflow, and pressure are controlled to defined values. Formaldehyde released from the [test pieces
mixes with the air in the chamber: This air is continually drawn from the chamber and pasges through
gas|wash bottles, containing\water, which absorbs the released formaldehyde. At the end pf the test,
the[formaldehyde concentration is determined photometrically or fluorimetrically. The forimaldehyde
reldase is calculated frem-this concentration, the sampling time, and the exposed area of the|test pieces
and|is expressed in milligrams per square meter and hour (mg/m?2h).

4 |Reagents

Redgents-of recognized analytical purity and distilled or demineralised water (referred thrqughout the
follpwing'text as distilled water) shall be used for the analysis.

4.1 4 ml Acetylacetone solution are added to a 1 000 ml volumetric flask and made up to the mark
with distilled water.

4.2 200 g ammonium acetate solution are dissolved with distilled water in a 1 000 ml volumetric
flask and made up to the mark.

Optionally, a premixed reagent of acetylacetone and ammonium acetate as described in ISO 12460-4
can be used.

4.3 Formaldehyde solution commercially available (concentration typically between
35 % mass fraction to 40 % mass fraction).

© IS0 2015 - All rights reserved 1
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4.4 Standard iodine solution c(13) = 0,05 mol/1

4.5 Standard sodium thiosulphate solution c(NazS;03) = 0,1 mol/I

4.6 Standard sodium hydroxide solution c(NaOH) = 1 mol/1

4.7 Standard sulphuric acid solution c(H2S04) = 1 mol/1

4.8 Starch solution 1 % by mass

5 Appa

ratus

5.1 Main composites of test apparatus (see Figure 1)

5.1.1 Air f
5.1.2 Was]
5.1.3 Desi
5.1.4 Air g

5.1.5 Need

Iter (1).

h bottle, 500 ml, containing ca. 400 ml distilled water (2).
ccator, 500 ml, containing silica gel (3).

ump (4).

le valve (5).

5.1.6 Equipment for measuring rate of air flow through apparatus (6).

5.1.7 Test
(40002

chamber (diameter: 90 mm to 100bmm with a length which gives an internal volum
0) ml with double casing of stainless’steel or glass (7).

5.1.8 Heatiing equipment for air (e.gscopper coil inside the double casing) (8).

5.1.9 Ther

mostat (9).

5.1.10 Mapnetic valves (10).

5.1.11 4 phirs of gas wash bottles, 100 ml or optionally, 4 pairs of gas wash bottles, 30 ml (21).

5.1.12 Pr¢ssure monitor (22).

b of

5.1.13 Temperature monitor (23).

5.1.14 Test piece holder, constructed as a shelf with three rods made from stainless steel or another
inert material (24).

NOTE The test apparatus described in Figure 1 is based on a waterborne heating system. A test apparatus
with an electrical heating system can be used optionally.

5.2 Laboratory equipment

5.2.1 Ventilated oven, as described in ISO 16979 for determination of moisture content (if requested).

© ISO 2015 - All rights reserved
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5.2.2 Spectrophotometer, with cells of 50 mm optical path length and capable of measuring

abs

orbance at 412 mm.

5.2.3 Water bath, capable of maintaining a temperature of (60 * 1) °C.

5.2.4 Water bath, capable of maintaining a temperature in the range of 20 °C to 25 °C.

5.2.5 Six volumetric flasks, 100 ml (calibrated at 20 °C).

5.2

5.2

5.2

5.2

5.2

5.2

5.2

6

6.1

Thn
pre

If th
cony

For

of t

Eac
tem

Bef
tem

) ) )

7 two volumetric flasks, 1 000 ml (calibrated at 20 °C).

8 Volumetric pipettes (calibrated at 20 °C), 1 ml, 2 ml, 5 ml, 10 ml, 15 ml, 2¢-ml; 25 ml, 50
9 Six flasks, 50 ml (with stoppers).

10 Microburette.

11 Burette, 50 ml, graduated (calibrated at 20 °C).

12 Balance, capable of measuring to 0,00 1 g.

Sampling and preparation of test pieces

Preparation of test pieces

ee test pieces, each with the dimen§ions of (400 + 1) mm x (50 + 1) mm x board thickne
bared for the determination of fgrmaldehyde release giving a total emitting surface area

e sample available does not:allow the preparation of test pieces of the specified dimensid

he specimen.

h test piece~has to be hermetically wrapped immediately after cutting and stored
peraturé.

bre<testing, each test piece shall be stored hermetically wrapped at least one day

bined emitting surface area of the test pieces(s) should be as close as possible to 0,04 m4.

d at 20 °C).

ml, 100 ml.

ss, shall be
of 0,04 m2.

n, then the

testing layer glued( materials (e.g. plywood, veneered particleboard), specimens shall be cut
frogn the respective panel with the fibre direction of the faces perpendicular to the longit

idinal axis

ht ambient

ht ambient

perature in order to improve the repeatability. For factory production control with hot te

st pieces, a

vali

d correlation has to be established.

For testing, the test pieces shall be edge sealed with temperature resistant (i.e. 260 °C) self-adhesive
aluminium tape or an alternative sealing method if equivalence has been demonstrated. The emitting
(unsealed) surface area of the sealed test piece has to be measured and calculated in square metres (m2).

6.2

Selection of test pieces for factory production control

Sampling and cutting of the test pieces shall be performed according to the principles of ISO 16999.

Test pieces are taken, uniformly distributed over the width of the (cooled) board, but excluding a

250
The

mm wide strip from the end of each board.

formaldehyde determination should be carried out not more than 72 h after sampling.

© ISO 2015 - All rights reserved
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6.3 Selection of test pieces for other purposes

The procedure of sampling, preparation of the test pieces, and conditioning (e.g. from boards already
installed) shall be noted and described in the test report. The number and dimensions of the test pieces
shall be as given in 6.1.

6.4 Selection of test pieces in case of dispute

If this method is used in case of dispute, e.g. linked to disagreement about compliance and not
otherwise agreed upon, the conditioning of the test pieces shall be carried out according to the
following nefereree-coneitions:

The test pleces shall be conditioned to constant mass at a temperature of (20 + 2) °C and a-relafive
humidity of (65 £ 5) %.

Constant rpass is considered to have been reached when the results of two successive weighipgs,
carried outf at intervals of not less than 24 h, do not differ by more than 0,1 % of the.mass of the fest
pieces. Alt¢rnative two weeks of conditioning can be used.

Contamination of test pieces from other sources of formaldehyde during conditiening shall be avoided.

7 Procg¢dure

7.1 Nun[ber of determinations

Determination shall always be made in duplicate using twao different test pieces prepared accordinjg to
6.1. A third determination shall be carried out

— if the average emission value of the two determifrations is >1,0 mg/m2h and the two replicptes
deviate more than 20 % of the average value, or

— if the qverage emission value of the determinations is <1,0 mg/m2h and the two replicates devjiate
more than 0,2 mg/mZ2h from the average,value.

For factory production control, a single.determination can be sufficient.

7.2 Deteérmination of moisture content

Moisture cpntent shall be determined according to ISO 16979 using a separate sample (see 6.1).

7.3 Det¢rmination of formaldehyde release

Seal the ediges of the'test pieces in accordance with 6.1.

Close chamber, (5.1.7) and preheat it to (60 * 0,5) °C.

Connect two gas wash bottles (see 5.1.11), each containing between 20 ml and 40 ml distilled water, in
series to the outlet of each magnetic valve (see 5.1.10) using flexible tubing.

To improve the sensitivity of the analytical procedure, 30 ml gas wash bottles with a reduced volume of
water may be used optionally

The water volume is chosen to maintain an overpressure of (1 100 £ 100) Pa in the test chamber. The
pressure in the test chamber is monitored during the entire test period (see 5.1.12).

Place a test piece in the preheated test chamber. After closing the test chamber and starting the test, the
test piece is uniformly exposed to practically formaldehyde free, heated air (60 * 0,5) °C with a relative
humidity of <3 %. Immediately set the airflow into the chamber to (60 + 3) I/h using the needle valve

4 © IS0 2015 - All rights reserved
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(5.1.5) and the air volume meter (5.1.6). This air is led into one of a series of pairs of gas wash bottles
via a magnetic valve (5.1.10).

Instead of leading dry and clean air through gas wash bottles, dry and clean compressed air may be
used optionally.

As the formaldehyde released from the test piece shall be determined at hourly intervals (up to 4 h
from starting the test), a new series of gas wash bottles has to be connected every hour. This exchange
should be automatic.

Transfer the contents of each pair of gas wash bottles to a 250 ml volumetric flask (5.2.6). Rinse the
botflesand their associated tubing thoroughly and transier the rinsings to the 11ask.

To improve the sensitivity of the analytical procedure, 100 ml volumetric flasks (5.2(5) mpy be used
optjonally, possibly in combination with 30 ml gas wash bottles.

Fill to volume with distilled water and determine the formaldehyde content as specified in 7}4.
7.4 Determination of formaldehyde content of the aqueous solutions

7.4/]1 General

Thg formaldehyde content of the aqueous solution from each one hour sampling peridd shall be
determined photometrically.

A fluorimetric determination may be used optionally. The description of a procedure is given, e.g. in
EN f17-1.

7.4{2 Principle

The determination is based on the Hantzsch reaction in which aqueous formaldehyde rfeacts with
ammonium ions and acetylacetone to.yield diacetyldihydrolutidine (DDL). DDL has an pbsorption
maximum at 412 nm. The reaction is highly specific to formaldehyde.

Othler suitable photometric procedure can also be used.

7.4)3 Analytical Procedure

10 ml are taken front-the aqueous solution (see 7.3) with a pipette (5.2.8) and added to 10 ml
acetylacetone solution\(4.1) and 10 ml ammonium acetate solution (4.2) in a stoppered flask|(5.2.9).

To improve the §ensitivity of the analytical procedure, equal amounts of aqueous solution (dee 7.3) and
mixed reagent\(See 4.2) can be added optionally considering that the service life of such a|mixture is
shofter than.the service life of the separate solutions.

eated flask
3 : 2 3 and »5 °C for at
least 15 min protected from sunhght oris cooled to room temperature protected against the influence
of light (for about 1 h).

flask is stoppered shaken and heated for 10 min in a water bath (5 2 3) at 60 °C. The h

The absorbance of this solution is determined at a wavelength of 412 nm against distilled water using a
spectrophotometer (5.2.2). A blank value is determined in parallel with distilled water and taken into
consideration in the determination of the gas analysis value.

7.4.4 Calibration curve

7.4.4.1 General

The calibration curve is produced from a standard formaldehyde solution, the concentration of which
has been determined by iodometric titration. The calibration curve shall be checked at least once a

© IS0 2015 - All rights reserved 5
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week. It is possible to modify this frequency if it is proved that the slope of the standard curve does not
deviate. In this case, the checking shall be made at least once a month and for each change of reagents.

7.4.4.2 Formaldehyde standard solution

Reagents:

—  Standard iodine solution c(I2) = 0,05 mol/I1
—  Standard sodium thiosulphate solution ¢(NazS203) = 0,1 mol/1
—  Stanglard sodium hydroxide solution c¢(NaOH) =1 mol/I

—  Stanglard sulphuric acid solution c(H2S04) =1 mol/I

—  Stargh solution =1%

The solutid

About 1 m|
flask (5.2.¢
this solutid

20 ml of th
hydroxide
added. The
some drop
carried ouf

The forma
c(HCH

where
c(HCH
c(Naz§
Vo
%

NOTE ]
formaldehy

| formaldehyde solution (concentration 35 % to 40 %) is diluted i a 1 000 ml volumse

ns shall be standardized before use.

) with distilled water and made up to the mark. The exact formaldehyde concentratio
n is determined as follows.

e formaldehyde standard solution are mixed with 25 ml4odine solution and 10 ml sod
solution. After 15 min standing protected from light, “¥5 'ml of sulphuric acid solutio

s of starch solution are added as an indicator. A _blank test with 20 ml distilled wate
in parallel.

dehyde content is calculated using Formula (13:

NA,S,O

25,05 )% 1000 /20

)):[VO—V]X15><C(

is the formaldehydéconcentration, in milligrams per litre (mg/1);
203) s the thiosulfate’concentration, in mols per litre (mol/1);
is the volume of thiosulphate titration solution for the blank test, in millilitres (1

is thelvolume of thiosulphate titration solution for the test, in millilitres (ml).

ml 0,1-mgl/] thiosulphate solution corresponds to 1 ml 0,05 mol/l iodine solution and 1,5
le.

Other titratien procedures such as the method described by ISO 2227 or ISO 14184-1 can be used

tric
h of

um
n is

surplus iodine is back-titrated with the thiosulphate-solution. At the end of the titration,

ris

M

mg

for

the determination of the formaldehyde concentration.

7.4.4.3 Formaldehyde calibration solution

Using the concentration determined in 7.4.4.2, calculate the volume which will contain 3 mg
formaldehyde. Transfer this volume using a microburette to a 1 000 ml volumetric flask and make up to
the mark with distilled water. 1 ml of this calibration solution contains 3 ug formaldehyde.

7.4.4.4 Determination of the calibration curve

Pipette 0 ml, 1 ml, 2 ml, 5 ml, 10 ml, 20 ml, 50 ml, and 100 ml of formaldehyde calibration solution (see
7.4.4.3) in 100 ml volumetric flasks and fill to volume with distilled water. 10 ml of each dilution are
analysed photometrically by the same procedure as described above (see 7.4.3). The absorbance values

6

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=9f111fb527b84573e3c222ebe01f54d7

ISO 12460-3:2015(E)

are plotted against the formaldehyde concentrations, ¢ (between 0 mg/ml and 0,003 mg/ml), and the
slope, f, is calculated (see example in Figure 2).

8 Expression of results

8.1 Gas analysis value

For each 1 h sampling period, the gas analysis value, Gj, in milligrams per square metre and hour
(mg/m2h) is determined and calculated using Formula (2):

Gi:(AS—AI;)xfo -

wheére

Gi  is the formaldehyde content of the solution for each hourly sampledn‘milligrams (nmg)
divided by the area of the exposed, unsealed surface in square metres (m2);

i is the first, second, third, or fourth hour;
As is the absorbance of the solution from the wash bottles;
Ap is the absorbance of distilled water;

f is the slope of the calibration curve for standardformaldehyde solution, in milligrgms per
millilitre (mg/ml);

F  isthe combined area of the emitting (unsealed) surface, in square metres (m2) (seq 6.1);

V' isthe volume of the volumetric flask, in millilitres (ml).
8.2| Calculation of results

8.2]1 Calculation of results+eftest pieces

If the formaldehyde content/of the liquid absorbent accumulated during the 1st hour is |lower than
that of the 2nd hour, the'formaldehyde yield shall be calculated from the sum of the contents collected
durfng the 2nd to the-4thhour and is related to the surface area, F, of the test pieces. If the formaldehyde
accfimulated in the}st hour is equal to or greater than that of the 2nd hour, the sum of all four hourly
sanjples shall be kséd in the calculation.

Consequently,/the arithmetic average formaldehyde gas analysis value, Gy, in milligrams per square
mefre and-hour (mg/m2h) of a test piece is calculated according to either Formula (3) or Formula (4):

G, +G, +G,

G, = B — (3)
or
G, +G, +G3+G,
Gy = ; @
where

Gm is the average gas analysis value of a test piece, in milligrams formaldehyde per square
metre and hour (mg/m?2h).

© IS0 2015 - All rights reserved 7
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As a rule, the formaldehyde content of the liquid absorbent accumulated during the 1st hour is lower
than that of the 2nd hour as the temperature of the test piece does not reach 60 °C immediately.

8.2.2 Calculation of emission report value

Calculate the gas analysis value of the sample as the mean value of the, Gy, values of the two test pieces.

If three replicates are carried out (see 7.1), calculate the gas analysis value as the mean value of all
three, Gy, values of the test pieces unless

— the average, Gy, value is >1,0 mg/m2h and one replicate deviates more than 20 % of the closest

value.

— theavq
value.

Results sh4

8.3 Mois
See ISO 16

9 Testfeport

The test rpport shall be in accordance with ISO 16999 andcshall contain the following additi
informatiop:

a) areference to this part of ISO 12460, i.e. ISO 12460-3;

b) origin of the board;

c) place, locationd), and state?) of the board at.the time of sampling;

d) type of board;

e) thickngss of board (mm);

f) density of board (kg/m3);

g) date of manufacture of the‘board;

h) date of sampling;

i) infornlation refexking to the board regarding finishing, sanding, etc.;

j) date of

[hen, calculate the gas analysis value as the mean value of the remaining two, G, values

rage Gy value is 1,0 mg/mZ2h and one replicate deviates more than 0,2 mg/mZ2h ofthe clo

111 be expressed to one decimal place.

sture content

D79.

formaldehyde determination;

k) agean

Chen, calculate the gas analysis value as the mean value of the remaining two, Gy, Values.

or

sest

nal

d treatment of the sample before analysis (e.g. plywood);

1) the average gas analysis value of the sample (see 8.2.2) together with each individual, Gy, value
(see 8.2.1), in milligrams formaldehyde per square metre per hour (mg/m2h);

m) deviations from the procedures described in this part of ISO 12460 (e.g. dimension of test piece);

n) ifrequ

ested, moisture content of sample at the time of testing (see ISO 16979);

0) limit of quantification, in milligrams formaldehyde per square metre per hour (mg/mZ2h) and the
estimated uncertainty of measurement, in percent (%) or in in milligrams formaldehyde per square

metre

per hour (mg/m2h).

1) For example, factory, etc. in the case of installed boards, ceiling, floor, wall, etc.

2) For example, moisture content, surface coating, finishing.
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