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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 Dlrectlves Part 1.In partlcular the dlfferent approval criteria needed for the dlfferent types

of ISO documen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not réceived ndgtice of (a)
which may be required to implement this document. However, implementers are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex
related t
Organizat

This docu

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e
b conformity assessment, as well as information about ISO’s adherence to the Wo
ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISO/TC 89, Wood-based panels.

This secopd edition cancels and replaces the first edition (ISO 12460-2:2018), which has been t¢chnically

revised.

The main

— imple
stand

used

Alistof a

changes are as follows:

mentation of different chamber_$izes, analytical procedures, re-calculation of result§ to other
ard parameters and establish a correlation between reference chamber method and tHe method
for factory production contrel.

| parts in the ISO 12460.5eries can be found on the ISO website.

Any feedback or questions en 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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Wood-based panels — Determination of formaldehyde
release —

Part 2
Small

-scale chamber method

1 Scop

This docu
the formd
relative h

Results o
productio
to ISO, EN

2 Normative references

There ard

3 Tern
For the pt
ISO and II

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

— IECE

3.1
air excha
N

quotient
expresse(

3.2
loading 1
L

e

ment specifies a procedure for a chamber test with different options of chamber/sizes td
ldehyde concentrations in air from wood products under defined test conditions of ten
hmidity, loading and air exchange rate.

measure
perature,

btained from this small-scale chamber test method can be used for quality contro] (factory

n control - ‘FPC’) based on correlation established by reference chamber test methods
or ASTM standards. The establishment of a correlation is described in Annex D.

no normative references in this document.

ns and definitions
[rposes of this document, the following terms and definitions apply.

.C maintain terminology databases for use in standardization at the following addresses

ectropedia: available at https://www.electropedia.org/

nge rate

hccording

bf air volume<Q) passing through the chamber per hour (m3/h) and the chamber volume (m3)

in (h™1)

atio

total exp

-l £ 1.1 1 1 £l 1 Pl | . - PR I SN I I | 4] - -
STULSUTTALE dI'Td, TALIUUILIIG PdlICT TUZTS, UT'LIIT PpIrotdutl UCITIE LCSLTU UIVIUTU Dy LIIT LTS

volume (m2/m3)

3.3
make-up

Q

airflow

quantity of conditioned and filtered air fed into the chamber per unit time, in m3/h

3.4

Q/A ratio

ratio of ai

r flow through the chamber (Q) to sample surface area (4), in m3/h m?2
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sample surface area

A

total area of all sample faces exposed in the chamber, in m?2

3.6

measured concentration

C

formaldehyde concentration (expressed in mg/m3 and/or ppm rounded to 2 decimal places) under the
defined environmental test parameters of this method. In the case of a establishing a correlation, it can be
advantageous to round the results to 3 decimal places

3.7

chamber
%4
interior v

4 Geng

This docu
a test cha
different
the quant
report sh

The value
only.

NOTE
the respori
regulatory

5 Sign

51 Var
wood pan

volume

blume of the test chamber, in m3

bral

ment specifies the measurement to quantify the amount of formaldehyde in an air say
mber accepted in a range of sizes (examples are described in Amitex A) and as deter
hnalytical methods as specified in Annex C. Other analytical procedures may be used to ¢
ity of formaldehyde in the air sample provided that such methods give equivalent result
11 include full description of the analytical procedure employed.

s stated in SI units are the standard values. Any valu€s given in parentheses are for in

This document does not purport to address all of the safety concerns, if any, associated with i

limitations prior to use.

ificance and use

ous national and regional regulations on formaldehyde emission levels have been estal
els. This international testimethod was adapted from chamber test methods specified if

EN, ISO ajld ASTM standards. This-test method provides a means of testing smaller samples and reg

time req

5.2 For
expected
and air

concentrd

5.3 Thi

ired for testing comparéd with a reference chamber method.

maldehyde concentration levels obtained by this small-scale chamber method can d
in full-scale inidoor environments. Variations in product loading, temperature, relative

tions.

5 téstmethod is applicable for the use of a chambers from 0,004 m3 to 1 m3 in volume (see

in Annex

nple from
mined by
letermine
. The test

formation

s use. [t is

sibility of the user to establish appropriate healthvand safety practices and determine the applfcability of

lished for
different
duces the

ffer from
humidity,

exchange will affect formaldehyde emission rates and thus likely indoor air fornpaldehyde

examples

A) to evaluate the Fnrmqldphydp concentration in air ncing the Fn”m/m'ng controlled d

onditions

which are defined within this standard method:

a) conditioning of specimens prior to testing;

b) exposed surface area of the specimens in the test chamber;

c) edge sealing;

d) testchamber temperature and relative humidity;

e) the Q/A ratio;

f) air exchange rate within the chamber.

© IS0 2024 - All rights reserved
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6 Interferences

Interferences of the used analytical methods should be determined by reference to other applicable
test methods.

7 Apparatus
7.1 Test chamber

7.1.1 General

standard

The interjor volume of the small chamber shall be between 0,004 m3 and 1 m3 (examples see
The interfor of the test chamber shall be free of refrigeration coils that condense water and. i
as humidjfiers with water reservoirs since water has the potential for collecting formaldehyde|
influencing test results. The interior surfaces of the small chamber, including any sample, suppo
shall be 4 non-absorbent material. For example, stainless steel, aluminium, and pplytetrafluor
(PTFE) have been found appropriate as chamber lining materials. All joints except fox.doors used f
and unlodding specimens should be sealed. Doors shall be self-sealing.

7.1.2 r exchange rate

The clean| and conditioned air supply to the chamber shall either be monitored continuously or f
during testing.

The air ejchange rate shall not vary by more than +5 %.

The effective air exchange shall be regularly checked, by using e.g. either a calibrated gas meter, or
gas procefdure (see Clause 11).

7.1.3 r circulation

Low spedd mixing fans or multi-port inlet and outlet diffusers are two techniques that have I

Annex A).
ems such
and thus
't system,
pethylene
br loading

requently

the tracer

een used

successfullly to ensure mixing of the chamber-air over all sample surfaces. If the air exchange is higher than

10/h mixing fans are not necessary.

7.1.4 Make-up air

The makd-up air should come from a filtered dust-free environment and contain no more than 0,0
of formal@lehyde. Make-up airfor the chamber shall pass through a calibrated air flow measuring
the maketup air is takenfrom a conditioning environment it should contain no more than 0,012 m

7.1.5 Eguipment for monitoring of test conditions

Measuring equipment and recording facilities capable of continuous or frequent monitoring of the

D6 mg/m3
device. If
7 /m3.

specified

test cond1tions with an error limit as follows:

— Temperature: 0,1 K;
— Relative humidity: 2 %;

— Air exchange rate: 0,03/h.

7.1.6 Air sampling port

The exhaust flow (that is, chamber outlet) is normally used as the sampling point, although

separate

sampling ports in the chamber can be used. The sampling system shall be constructed of a material to
minimize absorption (for example, glass or stainless steel), and the system should be maintained at the

same temperature as the test chambers.

© IS0 2024 - All rights reserved
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7.2 Air sampling system
7.2.1 Sampling system for wet-chemistry analysis

7.2.1.1 General

Figure 1 shows the principle of a sampling system for the determination of the formaldehyde concentration
in the chamber air. The sampling tube shall be placed either in the air outlet, or inside the chamber, close to
the air outlet.

Other sampling systems may be used based on the requirements of the analytical procedure used.

The numlersn bracKets refer to the numbers In Figure I:
7.2.1.2 psampling tube (1).

7.2.1.3 pne or two 30 ml up to 100 ml gas washing bottle(s) (2), with inserts likedmpinger or Muenke or
frits, contpining between 8 ml to 40 ml absorber solution, or DNPH cartridges for absorption and sybsequent
determingtion of formaldehyde.

7.2.1.4 pilica absorber for drying the air (3).

7.2.1.5 as flow valve (4).

7.2.1.6 as sampling pump (5).

7.2.1.7 pgas flow meter (6).

7.2.1.8 pgas meter (including a thermometer) for measuring the volume of air (7).

7.2.1.9 pir pressure meter (8).

1 O =HE -

—_/
2 2 3 8
Key
1 sampling tube 5  gas sampling pump
2 gas washimgbottte t—gas flowmeter
3 silica absorber 7  gas meter with thermometer
4  gas flow valve 8  air pressure meter

Figure 1 — Example of a sampling system for the determination of formaldehyde concentration in
air

© IS0 2024 - All rights reserved
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7.2.2 Direct sampling

Formaldehyde in the chamber air is determined by direct sampling analysis (e.g. optical or chemical sensors
see Annex C). The measuring cell has to be connected with non-absorbent formaldehyde tubes. The length of

tube can have an impact on results and has to be considered.

8 Sample material handling and specimen conditioning

8.1 Handling

Materials selected for testing shall e.g. be wrapped in polyethylene plastic having a minimum thickness of

0,15 mm
manufactpred such as after original application, installation or use, the method of packaging-ang
the products for testing shall be described e.g. in the quality manual handbook.

8.2 Test specimen

Chamberg are operated at a fixed sample size by varying the make-up airflow (Q)) or at fixed Q b
the prodyct sample size by product type. Either mode is acceptable as long as the appropriate Q/A
the product type are met (see Table 1 and Table 2). The minimum requirementef Q/A ratio is 1 m3/
arange of +2 %

Products [can have different surface coverings on front and back side. Therefore, significantly

not newly
shipping

y varying
ratios for
h m2 with

different

formaldelpyde release characteristics for each surface can occur. Inythose cases, panels may be tegted back-
to-back of face-to-face with edges taped together depending on which surface is to be tested.
Table 1 — Examples of calculated Q/A ratio referriiig to chamber size used to consider|the
dimensions specified in the standards (here:EN 717-1[8]1, DMCI12], SO 12460-3[3])
Flow rate Q Air Sample sizeb Sample Q/A
. ex- . . surface .
Typeof | Type of adjusted change height | width l\;‘f‘;';tl’l‘:_r area A ratio
chambef WBP?
) rate N ples
[I/min] | [I/h] K[m3/h] [(h-1] [mm] | [mm] [m?] | [m3/h m?]
1m3 PB/PLY 16,67 1,000,2| 1,000 2 1 500 500 2 1,000 0 1,000
1m3 MDF 16,67 1,000,2| 1,000 2 1 500 500 2 1,000 0 1,000
0,225 m PB/PLY 3,75 225,0 | 0,2250 1 200 280 2 0,224 0 1,004
0,225 m MDF 3,75 225,0 | 0,2250 1 200 280 2 0,224 0 1,004
0,045 m PB/PLY 891 534,6 | 0,534 6 12,15 200 381 3 0,457 2 1,169
0,045 m MDF 14,51 870,6 | 0,870 6 19,79 200 381 3 0,457 2 1,904
0,004 mp PB/RLY 1,00 60,0 | 0,0600 15 400 50 1 0,0400 1,500
0,004 mp MDF 1,00 60,0 | 0,0600 15 400 50 1 0,0400 1,500
a2 WBP: yv60d-based panel; PB: particleboard, MDF: medium density fibreboard; PLY: plywood.
b Tolerance of sample size for samples used for chamber volume of 1 m3, 0,225 m3 and 0,045 m3: +2 mm; 0,004 m3: +1 mm

© IS0 2024 - All rights reserved
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Table 2 — Examples of calculated Q/A ratio referring to chamber size considering the requirements

for different types of wood-based panels (here: ASTM D 6007[11])

Flow rate Q Air Sample sizeP Sample Q/A
. ex- . . Num- |surface .
Type of Type of adjusted change height | width ber area A ratio
chamber WBP2 N
. rate of sam-
3 2 3 2
[I/min] | [I/h] | [m?/h] [h-1] [mm] | [mm] ples m?] | [m°/hm?]
1m3 PB/PLY 8,33 499,8 | 0,499 8 0,5 143 500 3 0,429 0 1,165
1m3 MDF 8,33 499,8 | 0,499 8 0,5 85 500 3 0,2550 1,960
0,225 m3 PB/PLY 1,87 112,2 | 0,112 2 0,5 80 200 3 0,096 0 1,169
0,225 3 MDF 1,87 112,2 | 0,112 2 0,5 49 200 3 0,058 8 1,908
a  WBP: yvood-based panel; PB: particleboard, MDF: medium density fibreboard; PLY: plywood.
b tolerance of sample size for samples used for chamber volume of 1 m3, 0,225 m3 and 0,045 m3: +2 mm;0,004 m3: $1 mm
NOTE Table 1 and Table 2 show only examples for some wood-based panel products. Anyother wood-bpsed panel

or other fofmaldehyde emitting products (coated or uncoated) can be tested as well, e.g. 0§BY(Oriented Straid Boards),

solid wood

8.3 Conditioning

The proce
individua
and kept
An establ

Condition

panels, cement bonded particleboards, wet process fiber boards, LVL, etc.

tdure for pre-conditioning of samples prior to testing shallbe specified and standardi
| basis i.e. at a factory or laboratory. The conditioning and/testing parameters shall be
fonsistent.

shed procedure for sample conditioning is for example as described:

test specimens with a minimum distance of 0,15 m (6 inch) between each specimen for m

ved on an
specified

nimum of

2 h £ 15 miin at the conditions of (24 £ 3) °C [(75 + 5)-°F] and (50 + 5) % relative humidity. The for

concentra
lowest en
intervals
condition

8.4 Seq
Edges sh3

9 Proc

Can give better correlation to larger clramber test methods, e.g. 7 days + 3 h conditioning
ng.

ling of test piece edges

Il be sealed completely air-tight by using self-adhesive aluminium tape or wax.

edure

9.1 Tedt conditioens

The following conditions shall be maintained in the chamber throughout the test:

— Templerature (7"1' + 1) °C [(77 + 7) OP];

— Relat
— Q/Ar

aldehyde

tion in the air within 0,3 m (12 inch) of where panels are conditioned shall not be mor¢ than the
ission limit of the product(s) to be tested during the conditioning period. Alternative cofpditioning

r 15 days

ive humidity (50 + 4) %;

atio minimum of 1 m3/h m?2 + 2 %.

The conditions can be reached by storing the chamber in a well-conditioned surrounding or by using a self-
climatisation system.

© IS0 2024 - All rights reserved
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9.2 Test procedure for materials

9.2.1 General

Purge the chamber by running empty or with the use of filters designed to reduce the formaldehyde
background concentration in air, or both. The formaldehyde background concentration in air of the empty
operating chamber should not exceed 0,006 mg/m3. Clean chamber surfaces with water or suitable solvent
if formaldehyde background concentrations approach 0,006 mg/m3. If the make-up air is taken from a
conditioning environment it should contain no more than 0,012 mg/m3.

9.2.2 Locate the specimens in the chamber so that the conditioned air stream circulates over all panel
surfaces.

9.2.3 Operate the chamber at (25 = 1) °C [(77 = 2) °F] and (50 * 4) % relative humidity” Record the
temperatyire, relative humidity, and barometric pressure during the testing period. Conduct thg chamber
test at thq specified Q/A ratio and record this ratio in the report.

9.2.4 After placing the specimens in the chamber, allow time for no less than two full air changes before
beginning the air sampling.

9.3 Air{sampling

The samplling shall be carried out as specified in Annex C. The length of'sampling tube can have an jmpact on
results arjd shall be considered.

9.4 Analysis of air samples

9.4.1 General

Analytical methods for formaldehyde quantification are provided in Annex C. Of the analytical methods
provided,|the wet-chemistry methods (C.1: Acetylacetone method, C.2: Chromotropic acid methofl and C.3:
DNPH mefthod) are considered reference analytical methods and are the methods that the direct pnalytical
methods [e.g. C.4: Laser Absorption Spedtroscopy (LAS), C.5: Chemical sensor) are measured against and
have to sow equivalent results.

9.4.2 Efuivalence of analytical procedures - General requirements

9.4.2.1 |[General

Where an| analytical method other than the wet-chemistry reference analytical methods (C.1 to CJ3) is used
to determjine formaldehyde in the air, equivalence to at least one of this reference methods shall b¢ shown.

9.4.2.2 [Demonstration of equivalence - Device manufacturer

)

Prior to ul samples
of different types of wood-based panels with varying composition (e.g. glue composition, additives, raw
material) per product type (e.g. MDF, particleboard, plywood, OSB) evenly distributed in a wide emission
range (at least 0,012 mg/m3 up to 0,25 mg/m3). A linear regression shall be calculated and equivalence is
shown if the statistical evaluation complies with the requirements of a slope with 1 + 0,05, R2 > 0,98 and r
value = 0,99.

9.4.2.3 Demonstration of equivalence - Factory laboratory

The factory’s laboratory shall validate the device manufacturer’s data for the specific product(s) intended for
FPC testing. To demonstrate equivalence atleast five samples of the type of wood-based material respectively
products are tested by using one of the reference wet-chemistry methods and the test procedure to be

© IS0 2024 - All rights reserved
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evaluated. Equivalence is demonstrated if the absolute mean deviation from the wet-chemistry reference
method is < 10 %.

10 Calculation

10.1 Convert the volume of air sampled to the volume of air at standard conditions by Formula (1):

_ VxPx298 6
*101x(T +273)

where

Vs is the volume of air at standard conditions (101 kPa and 298 K), in cubic metres;

%4 is the volume of air sampled, in cubic metres;
P is the barometric pressure, in kPa;
T is the temperature of sample air, in °C.

10.2 Calgulate total milligrams of formaldehyde collected in each washingbottle by Formula (2):

C, =q, xF, )

a

C; is the total mass of formaldehyde in the sample;in milligrams;

C, is the total quantity of formaldehyde in theample aliquots taken from the washing bottle (as de-
termined from the calibration curve in C: to C.3), in milligrams;

F, |isthe aliquot factor:
Vs sol
Fa =15 (3)
a
where
Vs so1| is the sampling solution volume, in ml;
v, is the. aliquotsed, in ml.

10.3 Calgulate the'concentration of formaldehyde in air in the small chamber as follows:

Cs =0 Vs (4)

C, isformaldehyde concentration in air in mg/m3;

% is the volume of air at standard conditions (101 kPa and 298 K), in cubic metres;

N

Round calculated formaldehyde concentrations to the nearest 0,01 mg/m3.

NOTE At 25°C (77°F) and 1 013 hPa the following relationship exists for formaldehyde:

1,23 mg/m3 = 1 ppm (parts per million);

© IS0 2024 - All rights reserved
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1 mg/m3 = 0,81 ppm (parts per million).

10.4 When the chamber temperature as described in the selected options of 9.1 differs from the standard
parameter, adjust the formaldehyde concentrations obtained to a standard temperature of 25 °C (77 °F)
using an equation developed by Berge et al. or other verified calculation models Annex B contains a table
of conversion factors for use at different observed test temperatures as calculated using this formula. The
observed test temperature is the average temperature for the total period of 15 min prior to air sampling
plus the time of air sampling rounded to one decimal place.

10.5 The measured chamber formaldehyde concentration in air shall be adjusted to a concentration at 50 %
relative humidity and shall to be re-calculated when it differs from 50 % (see Annex B). For re-calculation
the measured relative humiditv shonuld be rounded to one decimal plnrp

11 Detdrmination of air exchange rate

The detefmination of the air exchange rate (n) in the unloaded test chamber is baséd on the njethod for
measuring the contrition dynamics of an indicator gas (tracer gas) which is introdueed into the|chamber.
The indicptor gas concentration will decrease over time depending on the air gxchange rate. Under ideal
air mixing conditions in the chamber, the concentration will follow the Formula (5) and calculpted with

Formula (|6).
c,=che™ (5)
n =G jln(co /<) (6)
where

Co is the initial concentration of indicator gas,;in milligrams per cubic metre;

Cy is the concentration of indicator gas,in‘milligrams per cubic metre at time ¢ in hours;
n is the air exchange rate per hour (1/h);
t is the time, in hours.
NOTE Dinitrogen monoxide (N,Q) is a suitable tracer gas and can be determined using an infrared (IH) detector.

Dinitroger] monoxide has a moledular mass of 44,01 g/mol and a density of 1,53 relatives to air.

12 Test|report
12.1 Testnumber:

12.2 Theg manner in which materials where shipped or stored, or both: wrapped separately,| wrapped
collectively orimorigimatboxorcontaimerHf matertats were stippedunmwrapped; or mo i tireoriginal box
or container, it shall be noted in the test report. Information on age and product history, if known, shall be
described in the test report.

12.3 Name or product manufacturer or name of company submitting material, or both, date of manufacture,
and sampling date (if known).

12.4 Description of test material or product shall include generic product name, thickness, size, if surface is
finished or sealed (both surfaces should be described), and special treatment (if known).

© IS0 2024 - All rights reserved
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12.5 Specimen condition details to include average rounded to one decimal place the temperature and
range, average relative humidity and range, and time to the nearest appropriate measure, e.g. hour or
minute.

12.6 Formaldehyde background concentration in the air in the area where specimens are conditioned
(rounded to the nearest 0,01 mg/m3).

12.7 Chamber volume: nominal length, width, and height.

12.8 Chamber Q/A ratio.

12.9 Description of specimens (size, edge sealing technique) as loaded into chamber including pumber of
specimeng in charge and number of surfaces exposed.

12.10Average temperature, average relative humidity, and time to the nearest minute during the[sampling
period.

12.11Chamber formaldehyde concentration in air at test conditions; chamber formaldehyde cong¢entration
in air corfected 25 °C (77 °F), 50 % relative humidity, rounded to the nearest.0,01 mg/m3 (or ppjm). In the
case of a ¢stablishing a correlation, it can be advantageous to round the results to three decimal places.

12.12 The analytical method used to determine formaldehyde in air:

12.13 Fqrmaldehyde background concentration of air in_ ehamber prior to test and formaldehyde
concentrgtion of make-up (rounded to the nearest 0,01 mg/m3).

12.14Air{sampling rate and length of sample time.

12.15 Date of conditioning start and date of emission test. Additional dates can be mentionef if other
standards§ are considered.
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Annex A
(informative)

Test chambers

A.1 General

This doc
of 0,004

General s
are given

3 to 1 m3. Examples of chambers are described in Annex A.

ecifications and requirements which apply to all types of test chambers included inthis
in Clause 7.

er volume

Hocument

Materialsfused for the inner walls and ducts of test chambers shall have a smooth|suirface, which, prior to

testing, c
formalde

NOTE
plastics (P

A.2 Exd

A.2.1 (]
Chambers

circular afr flow (see Figure A.1, Figure A.2 and Figuré-A.3).

The clim
either by
Chambers

The temp
compartn

The volun

with gas
effective

A22 C

The test
numbers

n be effectively cleaned with water. The surface shall be as inert and non-absorptive as g
yde.

Proven materials are stainless steel or aluminium (sandblasted ot polished), glass and som
VC, PMMA).

ample 1: 1 m3 test chamber

hamber volume and operation

of this type have a total interior volume of 1m3. 1 m3 test chambers are operated with

htic test conditions (temperature, relative humidity) can be established within the

operated in this way need effecfiye thermal wall insulation.

erature within the test chamber can also be established by placing the chamber ij
nent with controlled temperature. Test chambers operated in this way shall have no insu

ne of the inlet air is measured and adjusted by a gas pump or a compressed air system in c
flow meters (see Figure A.4) and can be measured by a calibrated gas meter in the o
ir exchange rateshall be regularly checked (see 7.1.2).

bnstruction principle

hpparatus comprises the following components, see Figure A.1, Figure A.2 and Figure

ossible to

e types of

intensive

chamber

special conditioning devices (e.g. airyheater, steam injector), or by using preconditioned inlet air.

| a larger
ation.

bnnection
utlet. The

p A.3 (the

n brackets refer to the numbers in the figures):

A.2.2.1

Chamber with a total interior volume of (1 + 0,01) m3 (1).

The 1 m3 test chambers shown in the figures as examples are constructed from metal, glass or plastic plates.

A.2.2.2 Airinlet (2).

The volume of the air flow through the test chamber is measured by a gas meter.

A.2.2.3 Ventilation fan (at least one) (3).

The ventilation fan mixes the air in the chamber by intensive circulation.
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A.2.2.4 Inlet for monitoring equipment/sensors (4).

To introduce sensors for continuous or frequent monitoring of temperature and air relative humidity.

A.2.2.5 Air outlet (5).

The air outlet openings are placed far from the inlet openings. Tubes for air sampling are inserted through
the outlet pipes and sampling is made close to the outlets.

A.2.2.6 Baffle plates or partition, or perforated bottom (6).

A.2.2.7 Testpieces (7)

A.2.2.8 Perforated bottom (8).

A.2.3 Test pieces

Produce pnd prepare test pieces in accordance with Clause 8. The size of the test pieces should be
(500 = 2)Jmm x (500 + 2) mm x board thickness to reach a Q/A ratio of 1 (see examples in Tablg 1). Other
examples|of sample sizes considering different loading and flow rates are given in Table 2. The chamber is
loaded with two test pieces of this size. The test pieces are positioned néar'to the centre of the|chamber,
parallel t¢ the air flow, with their faces separated by a minimum distance of 200 mm.

Key

1 1 m3{est chamber 5 airoutlet

2 airinlet 6  baffle plates

3 ventilption fan 7  testpieces

4 inlet formonitoring equipment/sensors 8  perforated bottom

Figure A.1 — Example 1 of a construction scheme for a 1 m3 test chamber

© IS0 2024 - All rights reserved
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Key

1 1 m3{est chamber 5 airoutlet
2 airinlet 6  partition

3 ventilption fan with electric power supply 7  testpieces
4  inlet for monitoring equipment/sensors

Figure A.2 — Example 2 of a construction scheme for a 1 m3 test chamber

Key

1 1 m3 test chamber 4 inlet for monitoring equipment/sensors
2 airinlet 5 airoutlet

3  ventilation fan with external electric power 6  testpieces

Figure A.3 — Example 3 of a construction scheme for a 1 m3 test chamber
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—
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\_ 5 \.

5
Key
1  gaspump 4  silica gel filter
2 charceal filter 5  washing bottle(s) (humidification)with a minimyim volume
of 1 000 ml
3 gas flgw meter and gas flow control 6  flow controller or gas meter
a  Airinlet.

b Dry air, ~50 % of total air flow.

¢ Wet a
d  Ajr oy

Figure |

r, ~50 % of total air flow.
tlet, to the chamber.

\.4 — Example of a device for establishing a controlled air flow with a relative humn
50 %

A.3 Example 2: 0,225 m3 test chamber

A3.1 C

This test
(see Figui
The clim

either by
Chambers

The temp
compartn

The volun
with gas

hamber volume and operation

thamber has a nominal interior volume of 0,225 m3. The chamber is operated with circuld
e A.5).

htic test conditions (temperature, relative humidity) can be established within the

operated in this-way need effective thermal wall insulation.

erature within/the test chamber can also be established by placing the chamber ij
nent with controlled temperature. Test chambers operated in this way shall have no insu

ne of thienlet air is measured and adjusted by a gas pump or a compressed air system in c
flow_meters (see Figure A.6) and can be measured by a calibrated gas meter in the o

effective

idity of

ir air flow

chamber

special conditioning'dévices (e.g. air heater, steam injector), or by using preconditioned inlet air.

| a larger
ation.

bnnection
utlet. The

hir'exchange rate shall be regularly checked (see 7.1.2).

A.3.2 Construction principle

The test apparatus comprises the following components, see Figure A.6 (the numbers in brackets refer to
the numbers in Figure A.6):

A.3.2.1 Test chamber with a volume of (0,225 * 0,004 5) m3 (1).

The dimensions of the chamber are 0,7 m x 0,5 m x 0,65 m (example).
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A.3.2.2 Airinlet (2).

The air inlet of the chamber is placed close to the inlet port of the fan.

A.3.2.3 Ventilation fan with external electric motor (3).

The fan ensures a symmetric, circular air flow around the test pieces.

A.3.2.4 Inlet for monitoring equipment/sensors (4).

To introduce sensors for continuous or frequent monitoring of temperature and air relative humidity.

A.3.2.5 Air outlet (5).

The air ofitlet openings are placed far from the inlet openings. Tubes for air sampling are insertefl through
the outlef] pipes and sampling is made close to the outlets.

A.3.2.6 [Testpieces (6).

A.3.3 Test pieces

Produce pnd prepare test pieces in accordance with Clause 8. The size of the test pieces ghould be
(200 = 2)lmm x (280 + 2) mm x board thickness. The chamber is loadedwith two test pieces of this size to
reach a QfA ratio of 1 (see examples in Table 1). Other examples of safmple sizes considering differept loading
and flow fates are given in Table 2. The test pieces are positioned fiedr to the centre of the chambdqr, parallel
to the air [flow, with their faces separated by a minimum distance'of 200 mm.

Key

1 0,225|n3test chamber 4 inlet for monitoring equipment/sensors
2 airinlet 5 airoutlet

3  ventilation fan with external electric motor 6  testpieces

Figure A.5 — Example of a construction scheme for a 0,225 m3 test chamber
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b 7~
—~ {9
3 L .
a—»@—z @——»d
~ .

5
Key
1  gaspump 4  silica gel filter
2 charceal filter 5 washing bottle(s) (humidification) with a
volume of 1 000 ml
3 gas flgw meter and gas flow control 6  flow controller or gas meter
a  Airinet.

b Dry afr, ~50 % of total air flow.

¢ Wet a
d  Ajr oy

Figure |

A.4 Example 3: 0,045 m3 test chamber

A41 C

This test

—
3| [ i N
\_ 5 \.

r, ~50 % of total air flow.
tlet, to the chamber.

\.6 — Example of a device for establishing a controlled air flow with a relative hun
50 %

hamber volume and operation

thamber has a nominal interior volume of 0,045 m3 and is operated with intensive circuld

(see Figui

The clim
either by
Chambers

The temp
compartn

The volun
with gas

e A.7 and Figure A.8).

htic test conditions (temperature, relative humidity) can be established within the

operated in this-way need effective thermal wall insulation.

erature within/the test chamber can also be established by placing the chamber ij
nent with controlled temperature. Test chambers operated in this way shall have no insu

ne of thi€nlet air is measured and adjusted by a gas pump or a compressed air system in c
flow,_meters (see Figure A.9) and can be measured by a calibrated gas meter in the o

minimum

lidity of

r air flow

chamber

special conditioning'dévices (e.g. air heater, steam injector), or by using preconditioned inlet air.

| a larger
ation.

bnnection
utlet. The

effective

hir'exchange rate shall be regularly checked (see 7.1.2).

A.4.2 Construction principle

The test apparatus comprises the following components, see Figure A.7 and Figure A.8 (the numbers in
brackets refer to the numbers in the figures):

A.4.2.1 Stainless steel test chamber with a volume of 0,045 m3 (0,005 m3), corresponding e.g. the
dimensions of (349 + 2) mm x (622 * 2) mm x (205 * 2) mm (width x length x high) with stainless steel ports

(.

A.4.2.2 AirInlet (2).
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Sample air outlet (3).
Air circulation, minimum 0,2 m/s at blower exit (4).

Relative humidity measurement, accurate to +2 %.

Temperature measurement, accurate to 0,1 K (5)

A.4.3 Test pieces

Produce and prepare test pieces in accordance with Clause 8. The size of the test pieces should be
mm x (381 + 2) mm x board thickness. The chamber is loaded with three test pieces of this size

(200 + 2)

to reach t

shown in

Test piecds are secured in an upright position using a shim plate or similar fixture which does not i
circulatiop or block sample surface area.

The samp

and to en

5 5 5 O; 2
gy
I
[ 3
Key
1 0,045|/m3 test chamber 4  temperature & humidity sensor
2 air ouflet 5 testpieces
3 airinlet
Figure A|7 — Example-of a construction scheme for a 0,045 m3 test chamber; front view of t]

the Figure A.8 to create a serpentine airflow pattern.

| RO

chamber

he required Q/A ratios (see examples in Table 1). The test pieces are positioned in theichamber as

mpede air

les shall be positioned (clamped) between the floor and the ceiling of thé)chamber to av¢id spaces
bure air circulation. In case of a slight deviation in chamber size or dimension, the sampl¢s shall be
cut corregpondingly.

e (open)
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[
T

-
[ : -/
U -/
f' 11 11 1 '\ ]
r2 5 13
Key
1  0,045|m3 test chamber 4 ventilation fan
2 air ouflet 5 temperature & humidity sensor
3 airinlet 6  testpieces
Figure(A.8 — Example of a construction scheme for a 0;045 m3 test chamber; Top down, ifternal
view of the chamber. The sample panels are placed inspecific positions, which creates a circulating,
serpentine airflow pattern
b 7\
N—
— fff
L o
-0 -~
1 2 ¢ 6
N—ov
— L] [
- N\
5 5
Key
1 gaspump silica gel filter
2 charcoal filter washing bottle(s) (humidification) with a minimum volume
of 1 000 ml
3 gas flow meter and gas flow control flow controller or gas meter

Air inlet.

Dry air, ~50 % of total air flow.
Wet air, ~50 % of total air flow.
Air outlet, to the chamber.

Figure A.9 — Example of a device for establishing a controlled air flow with a relative humidity of

50 %
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A.5 Example 4: 0,004 m3 test chamber

A5.1 C

hamber volume and operation

Chambers of this type have a total nominal interior volume of 0,004 m3. This type of test chamber is operated
with intensive air flow.

The climatic test conditions (temperature, relative humidity) can be established within the chamber either
by special conditioning devices (air heater, steam injector), or by using preconditioned inlet air, as shown in
Figure A.10. Chambers operated in this way need effective wall insulation or can alternatively be placed in a
larger compartment with controlled temperature.

The volu
with gas
effective

NOTE

A52 C

A.5.21

The test dpparatus comprises the following main components, if operated with pre-humidified (5
RH) inlet{air (the numbers in brackets (A.5.2.2 to A.5.2.15) refer to-fhe numbers in Figure A.10).

o ofthainlar Advic mnacnirnd and S dinctrnd gy o gac i A o e ond e oot aa 1 o

pnnection

TC O tTIIC T e T o o Tt o U CO oot oottt oy o oo pultit p- o o COmpTrooottT™iT oy otC T it ©

fFlow meters (see Figure A.10) and can be measured by a calibrated gas meter in the)o
ir exchange rate shall be regularly checked.

bnstruction principle

General

utlet. The

For air sampling no additional pump is needed, as by using the gas analysis apparatus,/the sample air gets
directly transferred into the connected gas wash bottles by slight overpressure.

) % =4 %

NOTE If the apparatus is not operated in a preconditioned environment, humidity can be adjusteq by either
mixing of ¢lean wet and dry air in desired ratios (see Figure A.11), orby employing a humidifier/evaporator

A.5.2.2 [Particle filter (1).

A.5.2.3 [Formaldehyde filter (2).

A.5.2.4 Air pump (3).

A.5.2.5 [Needle valve (4).

A.5.2.6 Mass flow measurement device (5).

NOTE Needle valve andmass$ flow measurement device can be replaced with a mass flow controller.

A.5.2.7 Humidity sensor (6).

The humidity sensor shall be positioned directly in the chamber. Alternatively, the makeup air sfream can
be measufed;

A.5.2.8 Test chamber (7]; diameter: 90 mm to 100 mm with a length which gives an internal volume of

(4 000 = 200) ml with double casing of stainless steel or glass.

A.5.2.9

A.5.2.10

NOTE

A.5.2.11

Heating equipment for air (e.g. copper coil inside the double casing) (9).

Thermostat (9).

The heating equipment can be omitted if the chamber is operated in an air-conditioned environment at the
required temperature and humidity conditions.

Magnetic valves for sampling (10) and purging (19).
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A.5.2.12 One pair of gas wash bottles, 100 ml or optionally, one pair of gas wash bottles, 30 ml (20).

A.5.2.13 Pressure monitor (22).

A.5.2.14 Temperature monitor (23).

A.5.2.15 Test piece holder, made from stainless steel or another inert material (24).

NOTE

The test apparatus described in Figure A.10 is based on a waterborne heating system. A test

with an electrical heating system can be used optionally.

apparatus

R

A.5.3.1

Test piecds, with the dimensions of (400 + 1) mm x (50 * 1) mm x board thickness, shall b& prepary
determingtion of formaldehyde release giving a total emitting surface area of 0,04 m%10 reach the
Q/A ratio [(see example in Table 1).

If the sa
combined

For testin
respectivi

Before tes
in ordert
shall be e

For testinlg, the test pieces shall be edge sealed with selfadhesive aluminium tape or an alternati

method if
has to be

The test

A.5.3.2
Sampling

Test piece

wide strip from the end and'edge of each board.

reparation of test pieces

ple available does not allow the preparation of test pieces of the specified dimension
emitting surface area of the test pieces(s) should be as close as passible to 0,04 m2.

g layer glued materials (e.g. plywood, veneered particleboard), specimens shall be cuf
b panel with the fibre direction of the faces perpendicular<€ojthe longitudinal axis of the s

ting, each test piece shall be stored hermetically wrapped at least one day at ambient ten
b improve the repeatability. For factory production centrol with hot test pieces, a valid c
stablished.

equivalence has been demonstrated. The.entitting (unsealed) surface area of the sealed
measured and calculated in square metres (m2).

ieces shall be conditioned as described in Clause 8.

Selection of test pieces for factory production control

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

s are taken, unifopmly distributed over the width of the (cooled) board, but excluding

ed for the
required

then the
from the
pecimen.
hperature

brrelation

e sealing
test piece

h 250 mm
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N
=

For operaftion without pre-humidification adjust as shewn in Figure A.1

Key

1 partifle filter 13 outlet of test air

2 formpldehyde filter 14 heating medium (inlet)

3 air pyump 15 insulation

4 need|e valve 16 test chamber door

5 equipment for measurement.of air flow 17 double casing

6 humidity sensor 18 inlet for air (heating coil)
7 test dhamber 19 magnetic valve for purging
8 heatipg coil 20 pairs of wash bottles

9 therrhostat 21 connection tube

10  magrjetic valve 22 pressure monitor

11 inlet pf air (test chamber) 23 temperature monitor

12 heatingamedium (outlet) 24 test piece holder

Figure A.10 — 0,004 m3 test chamber construction scheme for operation with pre-humidified air
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5
Key
1  gaspump 4  silica gel filter
2 charceal filter 5 washing bottle(s) (humidification) with a
volume of 1 000 ml

3 gas flgw meter and gas flow control 6  flow controller or gas meter
a  Airinlet.
b Dry afr, ~50 % of total air flow.
c Wet ajr, ~50 % of total air flow.
d  Air oytlet, to the chamber.

Figure A.11 — Example of a device for establishing a contrelled air flow with a relative hur

1SO 12460-2:2024(en)
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—
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50 %

minimum

hidity of
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Annex B
(informative)

Conversion of formaldehyde test results

 chamber
ffer from
nall be re-
)rameters

humidity,
Falculation

n air for

(B.1)

(B.2)

B.1 General
The clim 7+ yor
test. If thp measured values of temperature and/or relative humidity (calculated as averages)\d
the requited standard parameter, the measured formaldehyde concentration in the chambet.air sl
calculated using temperature and relative humidity values converted to the required standard p4
and given|as ‘corrected’ values.
This anngx provides three methods of performing this conversion.
NOTE1 |[Berge et al.[13] equation is provided for re-calculation of different tempefature and/or relativg
the Anderfen equation has an additional option to include the air exchange and leading ratio. The WKI
model is bgsed on formaldehyde test results received by EN 717-1 and is able to cénvert this result to differeft chamber
variants by consideration of all chamber test parameters.
NOTE 2 |At25°C (77 °F) and 1 013 hPa the following relationship existsfor formaldehyde:
1,23 mg/m3 = 1 ppm (parts per million);
1 mg/m3 50,81 ppm (parts per million).
B.2 Rejicalculation of temperature using-Berge et al. equation
Table B.1| is based on the Berge et al.[l3] equation to correct formaldehyde concentrations
temperatfire:

C=C4 we R(1/t=1/ty)
or

Co = ;R(l/f—l/fo)
where

C is thertneasured formaldehyde concentration level in mg/m3;

CO isthe corrected formaldehvde concentration level in mgl/m3-

E is the natural log base;

R is the coefficient of temperature (9 799);

t is the measured temperature in Kelvin, K;

to is the corrected temperature in Kelvin, K.
NOTE The Berge et al. equation is an exponential function. The greater the variance between actual and

corrected temperature, the greater the potential error. Two horizontal lines within the table delineate the specified
test temperature ranges (25 + 1) °C [(77 * 2 °F)].
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Table B.1 — Relative humidity conversion factors for formaldehyde

To convert to To convert to
Actual 25°C Actual 25°C
(77°F) (77°F)
multiple by multiply by
oC (°F) oC (°F)
22,2 (72) 1,36 25,3 (77,5) 0,97
22,5 (72,5) 1,32 25,6 (78) 0,94
22,8 (73) 1,28 25,8 (78,5) 091
23,1 (73,5) 1,24 26,1 (79 0,89
23|3 (74) 1,20 26,4 (79,5) 086
236 (74,5) 1,17 26,7 (80) 0,83
2319 (75) 1,13 26,9 (80,5) 081
24|2 (75,5) 1,10 27,2 (81) 0,78
2414 (76) 1,06 27,5 (81,5) 0,76
2417 (76,5) 1,03 27,8 (82) 0,74
25|10 (77) 1,00

B.3 Rejcalculation of relative humidity using Berge et dl. equation

Table B.2|is based on the Berge et al. equation to correct formaldehyde concentrations in air fqr relative

humidity
or
C
Co=1T——"" (B.4)
1+A(H-H,)
where
C is measured formaldeliyde concentration level in mg/m3;
Cy |is corrected formaldehyde concentration level in mg/m3;
is coefficientohhiumidity (0,017 5);
H is measured relative humidity in %;
H, |is corrected relative humidity in %.
Fable B:2—Relative hrumidity conversionm tabte for formratdehyde
Actual relative hu- To convert to 50 % relative Actual relative hu- To convert to 50 % relative
midity humidity multiply by midity humidity multiply by
% %
46 1,08 51 0,98
47 1,06 52 0,97
48 1,04 53 0,95
49 1,02 54 0,93
50 1,00
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B.4 Re-calculation of temperature, relative humidity, loading ratio and air exchange
rate using Andersen Equation

To calculate the indoor air concentration C; measured under certain conditions (T, Hy, Ly, Ny) into
another indoor air concentration Cp with corrected (reference) conditions (Tg, Hg, Ly, Ng) the “Andersen
equation”[14] (B.5) has to be transformed to Formula (B.6):

1

C=(0,08T—0,764)~(0,143H+0,048)m (B.5)
where

C is formaldehyde concentration in mg/m?;

T is temperature in K;

H is relative humidity in %;

N is air exchange in h™1;

L is loading ratio in m2/m3.

Co =y - (0,08Tg —0,764)-(0,143 Hg +0,048)-(1+0,304 Ny / Ly ) (B.6)

(0,08Ty —0,764)-(0,143 Hy; +0,048)-(1+0,304 Ny / Lg9

where

Cy | is measured formaldehyde concentration in mg/m?;
Ty | is measured temperature in K;

Hy; |is measured relative humidity in %;

Ny | is measured air exchange in h-1;

Ly | is measured loading ratio in m2/m3;

Cr | is corrected formaldehyde €oncentration in mg/m3;
TR |is corrected temperature in K;

Hp | is corrected relative humidity in %;

Ny | is correctedaif exchange in h™1;

Ly |is corrected loading ratio in m2/m3.

B.5 Calculation of formaldehyde release - WKI calculation models

B.5.1 General

The calculation models[8[10] are based on the determination of formaldehyde in a climate of 23 °C and
45 % relative humidity, an air exchange of 1/h and a loading ratio of 1 m?/m3 (here: C,.¢). The determined
formaldehyde emission value (C,.¢) can be re-calculated to other chamber parameters17/[18],
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B.5.2 Linear model

The linear model according to Formula (B.7) is applicable to a range of relative humidity from 30 % to 50 %.

c=0,

where

C
C

ref

1

00555-(C..r +0,008)-(T-12,7)-(RH-1,2) ———M———
( ref )( )( )1+1,75-N/L

is corrected formaldehyde concentration in mg/m3;

is measured formaldehyde concentration

T
RH
N

L

B.5.3 E

The expo
80 %.

Cc=0,

B.5.4 E

The expo
80 %.

(atTeference parameter: 23°C, 45 %, N= 1, L= 1T mg/m>;

is temperature in °C;

is relative humidity in %;

is air exchange per h;

is loading ratio in m2/m3.

xponential model - 2014

nential model according to Formula (B.8) is applicable to adfange of relative humidity fro

1

0366-C, -(T—13,15)-[e(0'040 SRH) +2,073} T2 NI

kponential model - 2022
nential model according to Formula (B:9}is applicable to a range of relative humidity fro

D8 Crop ([ e ©0*5T) —1,24 | [ 0P +1,16]+1,16)m

is corrected.chamber value in mg/m3;

is measured formaldehyde concentration (at reference parameter: 23 °C, 45 %, N ;
in mg/in3;

is.temperature in °C;

(B.7)
m 30 % to
(B.8)
m 30 % to
(B.9)
-1, L=1)

is relative humidity in %;

is air exchange per h;

is loading ratio in m2/m3.
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Annex C
(normative)

Analytical procedure of formaldehyde determination

C.1 General

ThlS anngx CUIIPI ibUb dlffel CIIt dlldl_y LiLdl Pl1 ULCdul [SN) WhiLll Cdll ‘UU ubt!L‘l 19 dcu:l 1llillU fUl llldldeh
Known analytical procedures in which formaldehyde is analysed in a liquid phase are commonly*

as ‘wet-c}
directly a

Ire described in C.4 and C.5.

C.2 Ace¢tylacetone method - Calibration curve and sampling

C21 G

The deter

pneral

ions and gcetylacetone to yield diacetyldihydrolutidine (DDL), see Figlire C.1. The reaction is high

to formal

Hehyde. DDL has an absorption maximum at 412 nm. The\fluorescence intensity is dete

a waveler)gth of excitation A, = 410 nm and a wavelength of emission 4., = 510 nm to 515 nm (

waveleng

C.2.2 H£zards

Please re

— Form

— Acety

— Amm|

C23 E

th has to be verified).

S -H* ~C 2N
2CH,COCH,COCH;  + HCHO + N} — oo H,4C | CH,
- 2
/

Figure C.1 — Reaction'scheme of the acetylacetone method

r to Safety Data Sheet,of following substances:
aldehyde solution{35 % to 40 %);
lacetone;

onium acetate.

quipment for chemical analysis

de in air.
bferred to

emistry’ and are described in C.1 to C.3. Other methods that can determine fornfaldehlyde in air

mination is based on the Hantzsch reaction in which aqueous forinaldehyde reacts with ammonium

y specific
'mined at
maximum

C.2.3.1 Spectrophotometer, suitable for use with cells with a path-length of at least 50 mm and capable of

measurin

C.2.3.2

C.2.3.3

C.2.34

C.2.3.5

g absorbance at 412 nm.

Water bath, capable of maintaining a temperature of (60 * 1) °C (140 °F).

Six flasks, 50 ml, with stoppers.
Seven volumetric flasks, 100 ml (calibrated at 20 °C/68 °F).
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C.2.3.6 Four (atleast two) volumetric flasks, 1 000 ml (calibrated at 20 °C/68 °F).

C.2.3.7 Volumetric) pipettes, 1 ml, 2 ml, 5 ml, 10 ml, 15 ml, 20 ml, 25 ml, 50 ml, and 100 ml (calibrated at
20 °C/68 °F).

C.2.3.8 Micro burette.
C.2.3.9 Erlenmeyer flasks, 250 ml and beakers.

C.2.3.10 Balance, scale interval 0,001 g.

C.2.3.11 Air sampling system as described in 7.2 of the general part of this document.
C.2.4 Rpagents

Reagents fand water of recognized analytical purity are used for the analysis.

C.2.4.1 Acetylacetone solution.

4 ml acetylacetone are added to a 1 000 ml volumetric flask and made up te.the mark with water.

C.2.4.2 Ammonium acetate solution.
200 g ammonium acetate are dissolved in water in a 1 000 ml volumetric flask and made up to the|mark.

Commercjally prepared solutions may be used.

C.2.5 Calibration curve.

C.2.5.1 [General

The calibfation curve (see Figure C.2) is produced from a standard formaldehyde solution, the congentration
of which has been determined by iodometric titration. This calibration curve shall be checked at Jeast once
a week. If is possible to modify this frequency if it is proven that the slope of the standard curvg does not
deviate. I this case, the checking shall‘be made at least once a month and for each change of reagdnts.

C.2.5.2 Formaldehyde standard solution
C.2.5.2.1| Reagents
C.2.5.2.1]1 Standard iodine solution, c(I,) = 0,05 mol/I.

C.2.5.2.1{2 ,Standard sodium thiosulphate solution, c¢(Na,S,05) = 0,1 mol/l.

C.2.5.2.1.3 Standard sodium hydroxide solution, c(NaOH) = 1 mol/l.

C.2.5.2.1.4 Standard sulfuric acid solution, c¢(H,S0,) = 1 mol/L.
The above solutions shall be standardized before use starch solution 1 % by mass

For using photometric detection with path length 50 mm, dilute 1 g of formaldehyde solution (concentration
35 % to 40 %) with water in a 1 000 ml volumetric flask and make up to the mark.
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C.2.5.2.2 Determination of formaldehyde concentration

Mix 20 ml of the formaldehyde standard solution with 25 ml iodine solution and 10 ml sodium hydroxide
solution. After 15 min standing protected from light add 15 ml of sulfuric acid solution. Titrate back the
excess iodine with the sodium thiosulphate solution. Near the end of the titration add some drops of the
starch solution as an indicator. Carry out in parallel a blank test with 20 ml of water.

Ready to use formaldehyde standards with defined formaldehyde content may be used. The determination of
formaldehyde content by titration of the standard solution is not required. Where ready to use formaldehyde
standard solutions are used, the formaldehyde solution has to be only diluted in order to prepare a solution
containing 3 mg of formaldehyde in 1 000 ml volumetric flask (C.2.3.6).

NOTE1 Other methods, like using spectrophotometers with pre-calibrated curves or similar, can be used after
demonstrdtion that they provide equivalent results.

The formfldehyde content is calculated as follows:

c(HCHO)=(V, —V)x15xc(Na,S,03)x1000/20 (C.1)
where
c¢(HCHO) is the formaldehyde concentration, in milligrams per litreing/1);

c(Na3S,03) s the thiosulphate concentration, in mols per litre fmot/1);

vy is the volume of the consumed thiosulphate titfation solution for blank titratiof, in milli-
litres (ml);

% is the volume of the consumed thiosulphate titration solution, in millilitres (ml)f
NOTE 2 |1 ml of 0,1 mol/] thiosulphate corresponds to 1 mboef 0,05 mol/liodine solution and 1,5 mg formpldehyde.

NOTE 3 |With digital/automatic pipettes the volumes of the solutions can be reduced provided they give the same
results.

C.2.5.3 Formaldehyde calibration solition

Using the| concentration value determined in C.2.5.2.2, calculate the volume of the formaldehydg solution
which wi]l contain about 3 mg formaldehyde. Transfer this volume, using a micro burette, to a|1 000 ml
volumetric flask and make up to the mark with water. 1 ml of this calibration solution contains gbout 3 ug
formaldelyde.

NOTE For using fluorescence detection the standard solution is prepared from a formaldehyde sodium bisulfite
solution. 4470 3 g formdldehyde sodium bisulfite are dissolved in water in a 1 000 ml volumetric flask anfd made up
to the mark with watet>I ml of this solution contains 1 mg formaldehyde and is transferred to a 1 000 ml yolumetric
flask and hade up to, the mark with water. 1 ml of this calibration solution contains 1 ug formaldehyde and is used to
continue af described in C.2.5.3.

C.2.5.4 etermination 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 (C.2.5.2)
into a 100 ml volumetric flask and make up to the mark with water. 10 ml of each dilution are analyzed
photometrically by the same procedure as described in C.2.7. The absorbance values are plotted against the
formaldehyde concentrations c¢ (between 0 and 0,003 mg/ml, see example in Figure C.2). The slope f of the
graph is either determined graphically or calculated.

C.2.6 Sampling

Add at least 25 ml of water to each of the two gas washing bottles and connect them to the air sampling
system (C.2.3.11). Sample the air from the chamber by passing at a rate of maximum 2 1/min through the gas
washing bottles.
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The sampling procedure is a minimum of 15 min by repeated sampling or determinations.
The options for sampling considering the chamber size and analytical procedure are mentioned in Table C.1.

The volume of air to be sampled depends also on its formaldehyde concentration. With photometric
determination the procedure described above is suitable for concentrations higher than 0,005 mg/m3.
For determination of lower concentrations, the volume of the sampled air should be increased and/or the
volume of the air sample solution reduced. The sensitivity of the analysis can also be increased by using
a fluorometric determination of the reaction product (diacetyldihydrolutidine) instead of a photometric
determination.
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For total air sampling volume the chamber air inlet and chamber volume have to be considered.

C.2.7 Analytical procedure

C.2.7.1 General

The solution prepared for analysis (formaldehyde containing solution and reagents) shall be shaken and
heated for 10 min in a water bath (C.2.3.2) at 60 °C (140 °F). The heated stopper flask or wash bottle is then
cooled in the absence of sunlight, e.g. in a water bath (C.2.3.3) operated in a temperature range between
20 °C and 25 °C (68 and 77 °F) for at least 15 min or cool it to room temperature for at least 60 min.

C.2.7.2

bsorption solution: distilled water

Pipette 1
and 10 m

procedur

C.2.7.3

Close the
Follow th

NOTE
time (e.g. 1
10 ml acet

C.2.8 Calculation of the amount of absorbed formaldehyde

The amou
equation:

G=(4

where

V.

sol

The valud

ml of each of the absorption solutions into a 50 ml flask, add 10 ml acetylacetone soltitio
1 of ammonium acetate solution (C.2.4.3), stopper the flask and shake it. Follow the
e as described in C.2.7.1.

Absorption solution: mixed reagent

wash bottle with suitable closures or transfer the solution into a 50 ml flask with stoppe
e analytical procedure as described in C.2.7.1.

Combination of reagents can be used as described in ISO 12460-3 [option 4], especially for reduce

ylacetone solution (C.2.4.2) and 10 ml ammonium acetate solution' (C.2.4.3) as mixed reagent.

nt of formaldehyde absorbed in the water of théigas washing bottles is calculated by the

S _Ab )XfXVsol

is the amount of formaldehyde in each of the trapping solutions, in milligrams;
is the absorbance of the solution from the gas washing bottle;
is the absorbancelof the blank value (refer to 0 ml point of calibration curve in C.2.5.3);

is the slope-of the calibration curve for the standard formaldehyde solution, in millig
millilitre;

is thesvoelume of the trapping solution, in millilitres.

sof G from both trapping solutions are added to give the total amount of formaldehyde G

h (C.2.4.2)
hnalytical

", shake it,

H sampling

5 min): Using two gas wash bottles with volume of 100 ml (C.2.3.¥1), each containing 10 ml distilled water,

following

(C.2)

rams per

tot"

C.2.9 Calculation of the formaldehyde emission

The formaldehyde emission from the wood-based panel being tested is expressed as the concentration in
the air of the test chamber and is calculated by the following Formula (C.3):

c=Go /V,

air
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where

c is the formaldehyde concentration, in milligrams per cubic metres;
G., Isthe total amount of formaldehyde trapped, in milligrams;

V., isthe volume of the air sample, in cubic metres.

The volume of the sampled air should be corrected to a standard temperature of 25 °C (77 °F) and a standard
air pressure of 1 013 hPa.

Y

35

0 | | | | | | |
0 0,2 0,4 0,6 0,8 1 1,2 14 K

Key

Y absorpance (A —4y)
X conceptration of the diluted calibratien‘solution ¢ [10~3 mg/ml]

c=f(4 14)

Figure C{2 — Example of-a.calibration curve for formaldehyde determined by acetylaceton¢ method
(path length 50 mm)

C.2.10 Performance characteristic

The reactjon of formaldehyde with acetylacetone and ammonium acetate is specific.

The limits of detection using a 50 mm cuvette and 10 ml of absorption solution and 10 ml of each of reagent
solutions I and II are as follows[13]:

absolute: CLp, abs. = 0,000 3 mg per sample
relative: CLD, rel. = 0,005 mg/m3 for a 0,06 m3 sample volume
CLp, rel. = 0,003 mg/m3 for 0,10 m3 sample volume

The repeatability standard deviation from duplicate determinations (50 mm cuvette) is 0,001 mg/m3 to
0,002 mg/m?3 at formaldehyde concentrations between 0,05 mg/m3 and 0,2 mg/m3.
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In the concentration range from 8 pg formaldehyde per 10 ml of absorption solution, the presence of
acetaldehyde up to 50 times the amount of formaldehyde does not interfere with the formaldehyde

determination.

Higher concentrations of sulfur dioxide (greater than 0,3 mg of SO,/m3) and oxidizing substances (for
example ozone) which weaken the color reaction, can, however, prove interfering. These substances,
however, are generally not present in interfering amounts in indoor air.

C.3 Chromotropic acid method - Calibration curve and sampling

C.3.1 Ggeneral

Samples ¢f wood product are placed in an environmentally controlled chamber with air pumpe
the chamber and then purged through an aqueous solution. The formaldehyde that is emitted from|

l through
the wood

product i§ in the air and then transferred to the aqueous solution. The solution is analysed for formaldehyde

content using the chromotropic acid procedure. There is a reaction between the|ehromotropid

formaldelpyde with the formaldehyde in the presence of a strong acid, see Figure €.3:

SO 4
2
S

(O

Two molefules of chromotropic acid react with one molecule of formaldehyde in the presence of con|
sulfuric dcid to form a chromogen which is violet/purple in colour. The coloured liquid is anal
spectropijotometer at 580 nm for absorbance. The resulting absorbance reading is used in a c

+HCHO ——

SO ;H HO,S

SO;H HO ;S

-H,0 L +0

SO;H HO,S
o
ol S

SO,H HO .S

a

Figure C.3 — Reaction scheme of the chromotropic acid method

curve calgulation to determine the formaldehyde content in the solution.

acid and

centrated
ysed by a
hlibration

C.3.2 Hazards

Please refer to Safety Data Sheet of following substances:

— chromotropic acid;
— sulfuric acid;

— formaldehyde.
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C.3.3 Equipment for chemical analysis

C.3.3.1 Spectrophotometer, suitable for use with cells with a path-length of at least 10 mm and capable of
measuring absorbance at 580 nm.

C.3.3.2 Beaker, 150 ml], low form.
C.3.3.3 Volumetric flasks, (calibrated at 20 °C/68 °F).

C.3.3.4 pH meter.

C.3.3.5 Magnetic stirrer.

C.3.3.6 Pipets, calibrated.

C.3.3.7 [Testtubes, 16 by 150 mm, with PTFE lined screw cap.
C.3.3.8 [Water bath, capable to maintain 95 °C (203 °F) + 1 K.
C.3.3.9 Balance, scale interval 0,001 g.

C.3.3.10 Air sampling system as described in 7.2 of the general part of this document.

C.3.4 Rpagents

Reagents fand water of recognized analytical purity are used for the analysis.

C.3.4.1 [Chromotropic acid reagent

Dissolve (},10 g of chromotropic acid (4,5-dihydtoxy-2,7-naphthalene-disulfonic acid disodium salt)|in freshly
distilled water and dilute to 10 ml.

This solution is to be made up daily.

C.3.4.2 Bulfuric Acid (H,SO,),(concentrated, reagent grade. Nitrate concentration shall be [less than
10 pg/s.

C.3.4.3 Podium bisulfite,¥'% (NaHSO3), reagent grade.

C.3.5 Calibratiencurve

C.3.5.1 [General

A calibration curve shall be conducted on a routine basis in duplicate and veritied when there are reagent
changes, equipment changes or other reasons to question the validity of the curve. The final calibration
curve is expressed as a composite of the duplicate values. The calibration curve is expressed as absorbance
of the prepared samples versus formaldehyde concentration of the samples and is calculated using a linear
least squares fitting technique. The calibration curve may not be linear at high formaldehyde concentrations
(high absorbance readings). If the plot shows the last few points deviating from linearity, omit the points
from calculations or repeat entire procedure.

The calibration curve as described in this annex is provided as an example. In use, the calibration curve
concentrations can be adjusted to reflect the needs of the analyte. If absorbance readings of samples are
outside of the range of the calibration curve, dilute the solution with distilled water to a concentration that
is within the calibration curve.
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C.3.5.2 Formaldehyde standard solution

C.3.5.2.1 Reagents

C.3.5.2.1.1 Formaldehyde solution, mass 37 %.
C.3.5.2.1.2 Buffer solution, pH 9,0.

C.3.5.2.1.3 Hydrochloric acid, (HCl) 0,100 N, standard.

C.3.5.2.1.4 Sodium sulfite solution. 1.0 M

Dissolve 12,67 g anhydrous sodium sulfite (Na,SO3) (ACS assay 99,5 %) in a 100 ml volumetkric|flask and
dilute to fhe mark with freshly distilled water. The correct amount to be dissolved should be) 12.6/ACS assay
of the anHydrous sodium sulfite actually being used (read assay from bottle label).

C.3.5.2.2 | Determination of formaldehyde concentration

C.3.5.2.2.1 Formaldehyde standard solution A (content: 1,0 mg/ml)

Pipet 2,70 ml of 37,0 % (should be adjusted for actual formaldehyde amoiint) formaldehyde solutjion into a
1 000 ml yolumetric flask. Dilute to mark with freshly distilled water and mix well. This solution is|stable for
at least orje month.

Pipet two[50 ml aliquots of formaldehyde standard solution A inte'two 150 ml beakers for duplicate analysis
and add 20 ml of 1 M sodium sulfite (Na,SO3) to each beaker. Sodium sulfite solution can age, thys the 1 M
sodium sylfite solution should be adjusted to a 9,5 pH befote adding to each standard solution A aliquot.

NOTE Calibrate the pH meter according to manufacturer’s recommendations.

Place solution on magnetic stirrer. Immerse pH el€otrodes into the solution and carefully titrate with 0,100 N
hydrochlgric acid (HCI) to past pH 9,5. Record(volume of HCI and corresponding pH intermittent]y. Make a
graph of gH versus volume of HCl use this graph to calculate the volume (V) of 0,1 N HCl used to reach pH 9,5.
Use this vjalue to calculate the concentratien of C,.

Calculatefthe concentration, C,, of fermaldehyde standard Solution A in milligrams per millilitre a$ follows:

/ x0,1x30,03
Camt—2g (C.4)

C, | isthe cancentration of formaldehyde standard solution A (mg/ml);

is,0,100 N HCl required at pH of 9,5 from the graph prepared in C.3.5.2.2.1, ml, and normality of HCI;

N - 41 4 4o £ ad pa | A C ol A 111 4] £l 4 1 pa | d
IS5 LT LUTILTIIT ALIUIT UT Stdlludl U SUTULIUIT A WIIT DT UIT AVl dgt U LHIT TWU dlldly STS CUIIU Cte .

C.3.5.2.2.2 Formaldehyde standard solution B (content 0,01 mg/ml)

Prepare formaldehyde standard Solution B by diluting 1 ml of standard solution A and 1 g of sodium bisulfite
(NaHSO3) or Sodium Hydroxide (NaOH) to 100 ml in a volumetric flask using distilled water. This standard
is stable for at least one week.

© IS0 2024 - All rights reserved

36


https://standardsiso.com/api/?name=6a8114bec39d0265ebf53564b54a826b

1SO 12460-2:2024(en)

Calculate the concentration of formaldehyde Cy in standard Solution B in micrograms per millilitre as
follows:
C x1000x1

Cn =
B 100

(C.5)

Record the value.

C.3.5.3 Determination of the calibration curve

Prepare a 1 % sodium bisulfite (NaHSO53) solution by dissolving 1 g of NaHSO3 in a 100 ml volumetric flask
and diluting to the mark with distilled water. This solution is stable at room temperature and should be
preparedfon a weekly basis.

Label six 16 mm by 150 mm screw capped test tubes with 1, 2, 3, 4, 5, and 6.

Pipet the yolumes of 1 % sodium bisulfite solution and then standard solution B (C.3.5.2.2.2) into tHe labelled
test tubeq as specified in Table C.2:

Table C.2 — Volumes of sodium bisulfite solution and standard-solution B

Tube¢ Vo::lme Target concentration Target content off HCHO
No. NaHSO, Solution B pHg/ml Hg

1 4,0 0 0 0

2 39 0,10 04025 0,10
3 3,7 0,30 0,075 0,30
4 3,5 0,50 0,125 0,50
5 3,3 0,70 0,175 0,70
6 3,0 1,00 0,250 1,00

NOTE 1 [No Solution B is added to Test Tube 1. Test Tube 1 will be the reagent blank.

NOTE 2 [Concentrations used in calibration-curve can be adjusted to adequately span the expected formaldehyde
concentrafion in routine analysis.

Plot absofbance against microgramsof formaldehyde in the test solutions. Note the amount of fornpaldehyde
in micrograms is based upon the concentration of formaldehyde in standard Solution B, which is dependent
upon the ftandardization cafried out on standard solution A in C.3.5.2.2.1.

Read and|record absorbance at 580 nm for each standard prepared (tubes 2 to 6).

The absorbance of.each tube should be plotted against the total micrograms of formaldehyde in each tube.

C.3.6 Apalytical procedure

Pipet 4 m oftha NaHSO caolution from tha ancwrnch haottla inta aach afthraa 16 by 150 1 coray /-Ca test
efthe NaHSOselutionfrom-the-gas-wash-bettle-inte-each-of three 16-by150-mm-serew-cap

tubes for triplicate analysis of each gas wash bottle sample.

Pipet 4 ml of 1 % NaHSO; into a 16 by 150 mm screw-cap test tube to act as a reagent blank and add 0,1 ml of
1 % chromotropic acid reagent to each test tube. Shake tube after addition.

Slowly and carefully pipet 6,0 ml concentrated sulfuricacid (H,SO,) into each test tube and allow to flow down
the side of test tube. Before placing caps on test tubes, check the condition of the polytetrafluoroethylene
(PTFE) cap liners to make sure they are clean and not deteriorated.

Slowly and gently agitate test tubes to affect mixing. Mixing is complete when there is no sign of stratification.
Caution needs to be taken due to the exothermic chemical reaction. Rapid mixing will cause heating and a
pressure increase which may break the test tube. Vent test tubes to release pressure.
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If absorbance readings exceed 1,0 or if spectrophotometric analysis is performed within 2 h, heat capped
test tubes to 95 °C (203 °F) or place capped test tubes in heat block or boiling water bath for (15 * 2) min to
ensure that the chemical reaction is completed. Remove tubes from heat source and allow to cool to room
temperature.

Standardize the spectrophotometer using distilled water at 580 nm in accordance with the instrument’s
operating instructions. The reagent blank shall be read against distilled water. A high absorbance for the
reagent blank indicates contamination of reagent blank or improper solution preparation. If absorbance for
the reagent blank compared to distilled water is greater than 0,040 (using a 12 mm cell path length) or
above 0,030 (using a 10 mm cell path length), repeat the entire standardization procedure.

Zero the instrument using the reagent blank, or the instrument may be left zeroed on distilled water, and
the absorbanceof the reagent blank subtracted from the absorbance of the standard solutions

Read and| record absorbance at 580 nm for each test tube prepared. If the absorbance of.the |[specimen
solution ip found to fall outside the preferred absorbance range (>1,0), analysis may be répeated using an
appropridte dilution of each gas wash bottle solution.

C.3.7 Sampling

Add 20 mfl of a 1 % sodium bisulfite (NaHSO3) solution to each of the two gag'washing bottles and connect
them to the air sampling system (C.2.3.11). Sample the air from the chamber periodically by pqssing, for
example, for a 1 m3 chamber a minimum of 60 |, at a rate of approximatel¥ (1 + 0,05) 1/min, through the gas
washing hottles.

The volurhe of air to be sampled depends also on its formaldehyde€oncentration. For determinati(;r of lower
concentrdtions, the volume of the sampled air should be increased and/or the volume of the dir sample
solution reduced.

C.3.8 Calculation of the amount of absorbed formaldehyde

The absofbance of each chamber gas wash bottles-aliquot specimen determined in C.3.7 is fompared
to the calibration curve, and the total micrograms of formaldehyde in the aliquot is representef as C, in

The amoynt of formaldehyde absorbed in the each of the used gas washing bottles is calculated by the
followinglequation using the calibration curve Formula (C.6):

C,=mx+b (C.6)
where
C, is the total dmount of formaldehyde, in microgram;

m is the slepe of the calibration curve;

X isthe absorbance of analyte;

b is the Y axis intercept.

C, =C,XF, (C.7)
where

C, is the total amount of formaldehyde in each of the trapping solutions, in microgram;

C

A is the total quantity of formaldehyde in the sample aliquots taken form the gas washing bottle.
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Vs sol
F, = ;SO (C.8)

a

The values of C; from both trapping solutions are added to give the total amount of formaldehyde C,.

C.3.9 Calculation of the formaldehyde emission

The formaldehyde emission from the wood-based panels being tested is expressed as the concentration in
the air of the test chamber and is calculated by the following Formula (C.9):

c= Ctot /Vair (C.9)
where
c is the formaldehyde concentration, in micrograms per cubic metre;

Cior | is the total amount of formaldehyde trapped, in micrograms;

V.

i | 1S the volume of the air sample, in cubic metres.

The volume of the sampled air should be corrected to a standard temperatureof 25 °C (77 °F) and g standard
air pressyre of 1 013 hPa.

C.3.10 Interferences

The NIOSH 3500 analytical method lists phenols as a negative.interference when present at an $:1 excess
over formaldehyde. Modifications in the analytical procedure‘shall be made when relatively high|phenol to
formaldelpyde concentrations (8:1) are anticipated.

C.4 DNPH method - Calibration curve and'sampling

C.4.1 Ggeneral

Formaldehyde reacts with 2,4-dinitrophenylhydrazine to the corresponding hydrazone, whigh can be
determingd qualitatively and quantitatively by HPLC, detection at 360 nm.

NO, NO,
R' R
\ H* \
C=H,N—HN NO, — C=N—NH NO, +H,0
R R /
a b c

Key
R, R’ HJalkyl gioup, aromatic group
a Carbonyl compund (aldehyde or ketone).
b 2,4-Dinitrophenylydrazin (DNPH).
¢ DNPH derivative.

Figure C.4 — Reaction of carbonyl compounds to form 2,4-dinitrophenylhydrazones

The sampling flow rate specified has been validated for sampling rates of 1,0 I/min to 2,0 1/min. The solid-
sorbent sampling procedure is specific for sampling and analysis of formaldehyde.
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Exposure of the DNPH-coated sampling cartridges to direct sunlight may produce artefacts and should be
avoided![1él,

NOTE

necessary

In principle, it is also possible to determine formaldehyde with DNPH using self-impregnated filters or with
absorption in DNPH solution. This were described in other standards and can be used after proof of equivalence if

(further description see ISO 16000-3[¢1).

C.4.2 Hazards

Please refer to Safety Data Sheet of following substances:

— formaldehyde 2,4-DNPH standard (solid);

— acetonitrile;

— methpnol.

2,4-Dinitjophenylhydrazine is explosive in the dry state and shall be handled with extreme care
toxic (in the rat, LD50 = 654 mg/kg), has been shown to be mutagenic in some tests,;and is irritat
eyes and $kin.

C.4.3 Equipment for chemical analysis

Usual labgratory apparatus and in particular the following (C.4.3.1 to C.4.3.6).

C.4.3.1 [Commercially sampling cartridge, packed with silica gehand coated with DNPH.

The ratio|of the silica gel bed diameter to bed length shall not.exceed 1:1. The capacity of the cay

formaldelpyde shall be at least 75 pug and the collection efficiency at least 95 % at a sampling rate of

Sampling

NOTE
battery-op

C.4.3.2
2,01/min

C.4.3.3
and settir

C.4.3.4
NOTE

culture tu
cartridges

C.4.3.5

cartridges with very low blank levels and high pérformance are commercially available.

Some commercially available pre-coated cartridges exhibit lower pressure-drops, which permif
erated personal sampling pumps.

Air sampling pump, capable of accurately and precisely sampling at a flow rate of 1,

Flow controller, mass flow.ineters and mass flow controllers, or other suitable device fon
g air flow rates of 1,0 1/min to 2,0 I/min through the sample cartridge.

Flow calibrator, such as a rotameter, soap-bubble meter or wet test meter.
If the analyses,will not take place in the same lab for transport: Cartridge containers, e.g. borosi

bes (20 mme¥<125 mm) with polypropylene screw caps, or other suitable containers, to transp
To keep the'cartridges air tight, cool (< 7 °C) and protected from sunlight.

HPLC'system, consisting of (C.4.3.5.1 to C.4.3.5.7)

It is also
ing to the

tridge for
1,51/min.

the use of

1/min to

metering

icate glass
ort coated

C.4.3.5.1

C.4.3.5.2

C.4.3.5.3

C.4.3.5.4

C.4.3.5.5

Mobile phase reservoir with an outgassing device, (e.g. membrane under reduced pressure).

High-pressure pump.
Injection valve (automatic sampler with a 25 pl or other convenient loop volume).
C-18 reverse phase (RP) column, (e.g. 25 cm ¥ 4,6 mm inside diameter, 5 pm particle

UV detector or diode array detector, operating at 360 nm.

© IS0 2024 - All rights reserved

40

size).


https://standardsiso.com/api/?name=6a8114bec39d0265ebf53564b54a826b

1SO 12460-2:2024(en)
C.4.3.5.6 Data system.

C.4.3.5.7 Column oven (optional).

The DNPH-formaldehyde derivative is determined using isocratic reverse phase HPLC, equipped with an
ultraviolet (UV) absorption detector operated at 360 nm.

NOTE1  Most commercial HPLC analytical systems are adequate for this application.

NOTE 2 A column oven can be used to assure constant column operating temperature and improve reproducibility.

C.4.3.6 Syringes and pipettes

HPLC injection syringes, with capacity at least four times the loop volume

Syringes, [volume 10 ml, used to prepare DNPH-coated cartridges (polypropylene syringés are gdequate).
Syringe fittings and plugs, to connect cartridges to the sampling system and to cap prepared cartifidges.

Pipettes, [positive-displacement, repetitive-dispensing type, with capacities in the.0 ml to 10 ml range,
1SO 8655{2[11,

C.4.4 Rpagents

During tHe analysis, unless otherwise stated, use only reagents of recognized analytical grade} e.g. best
quality gijade, grade for chemical analysis or grade for HPLC analysis,‘and distilled or demineraliged water
or water ¢f equivalent purity.

C.4.4.1 PR,4-Dinitrophenylhydrazine.

C.4.4.2 Acetonitrile, UV grade.

C.4.4.3 Formaldehyde DNPH sandard (ready.for use).
C.4.4.4 Methanol.

C.4.4.5 Preparation of reagents

C.4.4.5.1| Preparation of DNPH-formaldehyde derivative
Most common is a commergially available standard.

NOTE DNPH-formaldehyde derivate can be prepared in the labs see ISO 16000-9.

C.4.4.5.2| Preparation of DNPH-formaldehyde standards

Prepare { standard stock solution of the DNPH-formaldehyde derivative by dissolving accurately weighed
amounts T acetomitrite—Prepareaworking catibratior stamdard—fronrthestamdard—stock—sotdtion. The
concentration of the DNPH-formaldehyde derivative in the standard solutions should be adjusted to reflect
the range of concentrations expected in real samples. Individual stock solutions of approximately 50 mg/I
can be prepared by dissolving 2,5 mg of the solid derivative in 50 ml of acetonitrile. The individual solution
is used to prepare calibration standards containing the derivative of interest at concentrations of 0,07 mg/1
to 15 mg/l, that spans the concentration of interest. Store all standard solutions in tightly capped containers
in a refrigerator and protected from light. Allow them to equilibrate to room temperature before use. They
should be replaced after 4 weeks.

Sampling cartridges have been found to be stable for at least 6 months when stored at 4 °C in the absence of
light.
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C.4.5 Calibration curve

C.4.5.1 General

To identify and quantify formaldehyde, calibration with external standard is performed.

Prepare calibration standards in acetonitrile from the DNPH-formaldehyde derivative. Individual stock
solutions of 50 mg/1 are prepared by dissolving 5 mg of solid derivative in 100 ml of mobile phase.

This calibration curve shall be checked weekly at minimum using a one-point calibration standard. It is
possible to modify this frequency if it is proven 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.

C.4.5.2

ormaldehyde standard calibration solution

Preparatipn of the standards (see Table C.3 to Table C.7):

Approxin]ately 50 mg/1 pure standards are to be prepared. For this purpose, the purity of the s¢lid DNPH

derivatives and the aldehyde content (purity) of the derivative shall be considered-

Calibratidn range per standard in pure substance approximately 0,1 mg/1 to 15 mg/1

Table C.3 — Preparation of stock solutions ~ 50 mg/1 (example)

Stock solution Formaldehyde-DNPH
Molar mass of derivative [g/mol] 210,15
Molar mass formaldehyde [g/mol] 30,03
Nominal mass in of Derivate [mg] 40
Exact weighed-in derivative [mg/1] (Example) 40,02
Corresponds to weighed-in quantity formaldehydé [mol] 0,19
Corresponds to formaldehyde pure substance [mg] 57
Purity [%] 98,1 %
Volume formaldehyde standard solution [ml] 100
Concentration of ready to use stock solution [mg/1] 56,10

Table C.4 — Calibration salution prepared from the stock solutions as follows, if the DNPH-

formaldehyde derivate as a purity of 100 % (exact 50 mg/1 formaldehyde Standard)

. . . Target concentration Stock solution Correspond in apsolute
Calibration solution
mg/1 ml mg/20 m
Cal 1 7,5 0,150
Cal 2 2,5 0,050
Cal3 1,25 0,5 0,025

Table C.5 — The calibration solutions further diluted as follows

. . . Target concentration Stock solution Correspond in absolute
Calibration solution
mg/l ml mg/20 ml
Cal 4 0,75 Cal 1 solution 1:10 0,015
Cal5 0,25 Cal 2 solution 1:10 0,005
Cal6 0,125 Cal 3 solution 1:10 0,002 5
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Table C.6 — Example of correct calculated concentration of the calibration standards

Volume of stock solu- | , Resulting formalde-
. . . . ..y | hyde-DNPH standard ex-
Calibration solution tion (~50 mg/1) to fill dbv f ldehvd
up to 20 ml pressed by formaldehyde
concentration

ml mg/l
Cal1l Stock solution (~ 50 mg/1) 3 8,42
Cal2 Stock solution (~ 50 mg/1) 2,81
Cal 3 Stock solution (~ 50 mg/1) 0,5 1,40
Cal4 Cal1l 01:10 0,84
Cal 5 Cal 2 01:10 0,28
Calé6 Cal3 01:10 0,14
Cal7 Cal3 01:20 0,5 0,07

concentrations values

Tgble C.7 — Examples of sampling | Overview which sampling conditionsicauses whigh

Total Formaldehyde result
Sampling | Volume | Sampling .
. sampling mg/
time reagent rate 1
volume ppm 0,005 0,01 |, 0025 | 0,05 0,10 0,15 | 0,20
min ml 1/min m3 mg/m3 | 0,0063 | 0,0137{~0,031 | 0,063 | 0,125 | 0,188 | 0,25
60 5 2 0,12 0,15 0,30 0,75 1,50 3,00 4,30 | 6,00
60 5 1 0,06 0,08 0,15 0,38 0,75 1,50 2,45 | 3,00
15 5 1,5 0,022 5 0,03 0,06 0,14 0,28 0,56 0,94 | 1,13
15 5 0,03 0,04 0,08 0,19 0,38 0,75 1,13 | 1,50
30 5 0,03 0,04 0,08 0,19 0,38 0,75 1,13 | 1,50
30 5 0,06 0,08 0,15 0,38 0,75 1,50 2,45 | 3,00
The high¢st concentration of the calibration” curve should be at least 25 % above the highest $uspected
concentrdtion.
C.4.6 Determination of the calibration curve
Analyse dach calibration standard”(at least five levels) twice and tabulate area response againstl the mass
injected qr more conveniently;versus the DNPH-formaldehyde injected, for a fixed loop volume. Perform

all calibr
concentrd
0,07 mg/1
a calibrat
least-squa

htion runs as spegified for sample analysis. To avoid carry-over effects, start with
tion. Using the€ YV detector or the diode array detector, a linear response range of apprpximately
to 8,4 mg/l'should be achieved for e.g. 25 pul injection volumes. The results can be used to prepare
on curveylinear response is indicated where a correlation coefficient of at least 0,999 f¢r a linear

the lower

Operatin pnramnfnrc' HPLC

Column: C-18 reverse phase

Mobile ph
Detector:
Flow rate:

Retention

ase: 60 % volume fraction acetonitrile +40 % volume fraction water
ultraviolet, at 360 nm
1 ml/min

time: about 7 min for formaldehyde

Sample injection volume: 25 pl
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Figure C.5 — Example chromatogram of DNPH-formaldehyde derivative

Once linepr response has been documented, an intermediate concentration standard near the a

level shal
limit.

be prepared and measured. This concentration shall-be at least 10 times higher than the

C.4.7 HPLC system

Assemble|the HPLC system and calibrate as specified. Either a gradient or an isocratic elution pro

be emplo

bed (see ISO 16000-3). An isocratic_mobile phase of a 60 % volume fraction acetonitr

volume friaction water mixture has been shown to be suitable. The parameters are as follows:

nticipated
detection

bram may
le +40 %

Column C-18 (4,6 mm inside diameter ¥ 25 cm, or equivalent)
a column oven may be used
for-more accurate temperature control, if needed
Mobile phase 60 % volume fraction acetonitrile +40 % volume fraction water, isocrptic
Detector Ultraviolet, operating at 360 nm
Flow rate 1,0 ml/min
Retention| time 7 min for formaldehyde with one C-18 column, 13 min for formaldehyfle with

two C-18 columns

Sample injection volume 25l

Before ea

ch analysis, check the detector baseline to ensure stable conditions.

Mobile phase:

Prepare the HPLC mobile phase by mixing 600 ml of acetonitrile and 400 ml of water or set the parameters
on the gradient elution HPLC appropriately.

Place the mobile phase in the HPLC solvent reservoir and set the pump at a flow rate of 1,0 ml/min.
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Several column volumes of 100 % volume fraction acetonitrile. The same protection can be achieved if
precolumns are used.

NOTE The chromatographic conditions specified here have been optimized for the detection of formaldehyde.
Analysts are advised to experiment with their HPLC system to optimize chromatographic conditions for their
particular analytical needs. HPLC systems with automated injection and start of data acquisition can also be used.

C.4.8 Sampling/test duration

C.4.8.1 General

Sample collection: Assemble the sampling system and ensure that the pump is capable of constant flow

rate throyghout-thesamptingpertod—ttresamplingcartridgescarrbesafety usedforsamptingairywhen the

temperatyire is above 10 °C.

Before sample collection, check the system for leaks. Plug the inlet (short end) of the cartridge so jno flow is
indicated|at the outlet end of the pump. The flow meter should not indicate any air flow through thg sampling
apparatus.

For unattiended or extended sampling periods, a mass flow controller or, as appropriate, a conppensated
personal pampling pump is highly recommended to maintain constant flow. The flow controller should be
set at leaqt 20 % below the fixed maximum air flow rate through the cartridge.

Install the entire assembly (including a “dummy” sampling cartridge) and check the flow rate at a value
near the flesired rate. Flow rates of 1,0 I/min to 2,0 1/min shall be~¢mployed. The total number of moles
of carbonfyl in the volume of air sampled shall not exceed that of.thé DNPH (e.g. 1 mg DNPH/cartridge for
commercjally available pre-coated cartridges). In general, a safe:éstimate of the sample size should be lower
than 75 % of the DNPH molar loading of the cartridge.

NOTE EN 12320101 specifies an appropriate calibration 'scheme that does not require a sealed flgw system
downstredm of the pump.

Measure gind record the sampling flow rate at the beginning and end of the sampling period to determine
sample vqlume. If the sampling period exceeds 24, the flow rate should be measured at intermedipte points
during the sampling period. Include a rotameter to allow observation of the flow rate without intlerruption
of the samipling process. Alternatively, a sampling pump which directly measures and continuously records
the flow rjate can be used.

With comjmercial pre-coated DNPH cartridges, follow the manufacturer’s instructions. Let the|cartridge
warm to foom temperature beforeconnecting to the sampling train.

Connect the cartridge to the sampling train so that the short end becomes the sample inlet.

Turn the pampler on and/adjust the flow to the desired rate. A typical flow rate through one cartridge is
between 1,0 1/min and'2,0 I/min. Operate the sampler for the desired period, with periodic recording of the
sampling [variables,

beginning and end of the sampling period differ by more than 10 %, the sample should be marked ajs suspect.

At the en;i of¢he sampling period, check the flow rate just before stopping the flow. If the flow rdtes at the

If there is the need to convert the concentrations to standard conditions (temperature and pressure) by
calculation, temperature and pressure have to be measured during sampling.

Immediately after sampling, remove the cartridge from the sampling system, cap with the original end
plugs, Refrigerate the exposed sample cartridge until analysis. The refrigeration period prior to analysis
should not exceed 30 days.

If samples are to be transported to a central laboratory for analysis, the duration of the non-refrigerated
period should be kept to a minimum, preferably less than 2 days.
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Calculate the average sample flow rate using Formula (C.10):

_ qu +qp +...1tq,

qy (C.10)
n
where
Qv is the average flow rate, in millilitres per minute;
Q1 +q;+...+q, is are the flow rates determined at beginning, end and intermediate points during
sampling;
n ib t}lC llulll‘UCl Ulchilltb dVv<Cl CIBCC‘I-

The total flow is then calculated using Formula (C.11):

Vi :-M a1y
1000
where
Ve is the total volume, in litres, sampled at the measured temperature and pressure;
ty is the stop time;
t is the start time;
t, -t is the total sampling duration, in minutes;
qv is the average flow rate, in millilitres per, minute.

C.4.8.2 [Calculation of the formaldehyde emission

Calculate[the mass of formaldehyde in the blahk-cartridge using Formula (C.12):

m, =}, 1S9y 4 (£.12)
std

where

my, | is the analyte mass; in micrograms, in the blank cartridge;
A, | is the numberof area counts, eluate from blank cartridge;
Agiq | is the mumber of area counts, standard;

Ysta | 1sthe concentration, in micrograms per millilitre, of analyte in the daily calibration stapdard;

V, TISthe total volume, In militres, of the blank cartridge eluate,
d,  isthe dilution factor for the blank cartridge eluate = 1,0.
Calculate the uncorrected mass of the DNPH derivate using Formula (C.13):

m,=A, 4y g (C.13)
std
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from the

where
my is the uncorrected mass of the DNPH derivative, in micrograms, on the sample cartridge;
s is the number of area counts, eluate from sample cartridge;
Ystq 1S the concentration, in micrograms per millilitre, of analyte in the daily calibration standard;
Aiq isthe number of area counts, standard;
V, is the total volume, in millilitres, of the sample cartridge eluate;
d is the dilution factor for the sample cartridge eluate:
=1 if sample was not rediluted
= V4/V, if sample was rediluted to bring the detector response within linear rang;
where
V4 is the redilution volume, in millilitres,
V, is the aliquot used for redilution, in millilitres;
dy, is the dilution factor for the blank cartridge eluate = 1,0.
Calculate|the corrected total mass, in micrograms, of analyte (DNPH derivative) extracted
cartridge| my, for each sample using Formula (C.14):
my =mng —my, (

where

ms

my,

Calculate

from Foripula (C.15)

is the uncorrected mass of the DNPH derivative, in micrograms, on the sample cartridg

is the analyte mass, in micrograms;in the blank cartridge.

the concentration, in nanograms’/per litre, of the carbonyl compound in the original s

C.14)

{

hmple, y,,

£.15)

Cartridge;

ya =g M 1000 (
Mger Vi

where

my | is correctedtotal mass, in micrograms, of analyte (DNPH derivative) extracted from the

Vi is thetotal air sample volume, in litres, under sampling conditions;

M, | isthe molar mass of carbonyl compound (for formaldehyde = 30 g/mol);

Mg, isthe molar mass of the DNPH derivative (for formaldehyde = 210 g/mol).
NOTE The volume of the sampled air should be corrected to a standard temperature of 25 °C (77 °F) and a
standard air pressure of 1 013 hPa.

C.4.8.3 Process blanks

At least one blank shall be analysed with each new batch of cartridges.
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Sample desorption

Connect the sample cartridge (inlet or short end during sampling) to a clean syringe.

The sampling and extraction shall be performed according to the cartridge manufacturer’s recommendation.

Desorb the DNPH derivatives of the carbonyls and the unreacted DNPH from the cartridge (gravity feed)
by passing e.g. 5 ml of acetonitrile (C.4.4.2) from the syringe through the cartridge to a graduated test tube
or to a 5 ml volumetric flask. Other volumes of acetonitrile may be appropriate, depending on the sampling

cartridge

used.

Make up to the 5 ml mark with acetonitrile. Pipette an aliquot into a sample vial with a PTFE-lined septum.
Analyze the aliquot for the carbonyl derivatives by HPLC. As a backup, a second aliquot may be taken and
stored urlder refrigeration until the results of the analysis of the first aliquot are complete and
The secor}d aliquot can be used for confirmatory analysis, if necessary.

It shall bgd checked whether residual DNPH peak is retained in the cartridge. Otherwise all. PNPH

for reacti
In this ca

C49 P

As is the
air is infl

bn and no DNPH is remaining, this means the derivation of formaldehyde is prebdbly not
e are-sampling should be conducted.

recision and uncertainty

henced by two parameters, the reproducibility of the analytical)procedure and the vari

time of thle analyte concentration in the air.

validated.

was used
complete.

case for other compounds, the precision and uncertainty of the determination of formaldehyde in

hition over

Analytical precision should be +10 % or less for analyte concentrations of 1 pg/ml or greater. At the 0,5 pg/

ml level a

NOTE

Additional information concerning round-robin tests{are given in ISO 16000-3.

C.5 Lager absorption spectroscopy (LAS)

C.5.1 Measurement principle

A sketch df the measuring principle is show# in Figure C.6. Monochromatic infrared laser light gets

in a sem

containing sample gas. Due to optical'absorption by the formaldehyde gas the intensity of the light
attenuated. The change in light intensity gets detected by a photoelectric sensor and can be recal
sample gds concentrations, as the’absorbance obeys the Lambert-Beer law.

hd below, precision of replicate analysis could vary upto 25 % for some carbonyl compoyinds.

penerated

conductor diode and passed\ through an optical cell, which is purged with the formpaldehyde

beam gets
Culated to

Key

1 laser diode
2 laser beam
3 mirror

4  gasoutlet

© IS0 2024 - All rights reserved

48


https://standardsiso.com/api/?name=6a8114bec39d0265ebf53564b54a826b

1SO 12460-2:2024(en)

5  optical cell

gas inlet
7  detector
Figure C.6 — Working principle of the laser absorption formaldehyde analyser
C.5.2 Hazards

Operation of the LAS analyser has to be according to the operating manual. Do not open the device during
operation, high energetic infrared radiation can cause harm to the eye.

Handling
informati

C.53 E

the chemicals used in the calibration process involves additional risks. Please refer to.t
pn in the corresponding sections.

quipment for chemical analysis

For the real-time measurement of the formaldehyde concentration in the chamber airan extractivi
laser absqrption analyser should be used. The LAS analyser shall have a measurement range of 0

(atleast)

h,15 mg/m3 (5 ppm) and a limit of detection (LOD) lower than 0,0025mg/m3 (2 ppb). The

should nof exceed 1 % of the measured value (or the LOD, higher value) and thejaccuracy 2 % of the

value (or

For the ca
to C.4.

C.5.4 R

the LOD, higher value).

pagents

No reagents are required for the measurement itself. For-the calibration water and reagents of
purity ar¢ used, as described in C.2 to C.4.

C.5.5 Calibration

C.5.5.1

General

It is recothmended to perform a calibration at least once every month or whenever the experime
is modifidd. The analyzer can eithet be calibrated utilizing standardized calibration gases or by r¢
against He analytical standard préocedures described in C.2 to C.4. Referencing is done against

wood-ba
wet-che

Pure nitr
99,999 9%,

ed panels, showing.an)emission level, in the regime of the test specimen to be investig
istry sampling is.done according to the procedure described in 7.2.1.

bgen is used to'set the zero level of the formaldehyde analyser. The purity should not be
The standard should be 100 % to 150 % of the anticipated production level emissions.

could be derived from an established Quality Control Limit (QCL).

C.5.5.2

C.5.5.2.1

C.5.5.2.2

ratio and

C.5.5.2.3

Saniple based calibration procedure

he hazard

b infrared
mg/m3 to
precision
measured

libration additional equipment is required, which is described in the corresponding sections in C.2

hnalytical

ntal setup
ferencing
bne set of
ated. The

less than
[his value

Prepare a sample (set) as described in 8.

Insert the sample set into the test chamber for conditioning for at least 15 min. Operate the
chamber at (25 + 1) °C (77 £ 2) °F and (50 * 4) % relative humidity. Record the temperature, relative
humidity, and barometric pressure during the testing period. Conduct the calibration at the specified Q/A

record this ratio in the report.

The wet-chemistry sampling is done according to the procedure described in 7.2.1.
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C.5.5.2.4 For analytical quantification of the absorbed formaldehyde follow the procedures described in

C.2to C.A4.

C.5.5.3 Calculation of the calibration factor

The calibration factor of the LAS analyser is calculated by relating the spectroscopically determined
formaldehyde concentration with the concentration determined by wet-chemistry (in mg/m3 or ppm). This
is achieved by following the steps below (Formula (C.16) to Formula (C.20)).

The average formaldehyde concentration in the air sample measured via laser absorption spectroscopy
(LAS) is determined by Formula (C.16):

Co(Laq) = izlzl €(LaS),i (C.16)
where
Cy(149) is the average formaldehyde concentration in the calibration gas strean),-measured hiy the LAS
analyser (mg/m3 or ppm);
C(Las)i is the formaldehyde concentration, measured by the LAS analyser'(mg/m3 or ppm);
n is the number of collected data points.
The avergge formaldehyde concentration in the sampled air, measured by photometry, is determined by
Formula (IC.17):
S(Photo) "V - R-T i
€o(Phdto) = 0.1-V-t-M-p (F.17)
where
Co(Phdo) ig the average formaldehyde coneentration in the sampled air, measured in the absdrber solu-
tion by photometry (mg/m3or’ppm);
C(Photp) is the formaldehyde concentration in the adsorber solution, measured by photometry] (mg/m3);
% is the total volumeé ¢f'the absorber solution (m3);
R is the molar gas-Constant (8,314 ] mol-1 K1);
T is the sample gas temperature (K);
14 is theq@ir flow of the calibration gas sampling (m3/min);
t is'the sampling time in minutes (min);
M is the molar mass of formaldehyde (30,031 g/mol);
p is the pressure (mbar).
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For standard test conditions (p = 1 013,25 mbar, T = 298,15 K) Formula (C.17) can be simplified to

Formula (C.18):

C(Photo) 4
Cﬂ(Photo) = 0, 815- ? (C18)
The calibration factor (f) of the LAS analyser is determined by Formula (C.19):
€5(Phot:
f= M (C.19)
Ca(LAS)

The meafpure

C.20):
CLAS(correCted) :f'CLAS(uncorrected) (£.20)
NOTE It is recommended to have the LAS analyser calibrated if the overall readjustment of the|measured

concentrafion is exceeding 10 %.

Maintenapce and calibration should be carried out according to the laser manufacturer recommendations.

C.5.6 Sampling

The exhast flow (that is, chamber outlet) is normally used as)the sampling point, although| separate
sampling|ports in the chamber can be used. Gas carrying parts (i.e. tubing) should be constrycted of a
material that minimizes absorption (for example steel, PTFE)xThe sampling is done at room temperature.
Heating df connecting tubing and gas-carrying analyser camponents can be useful to prevent adsorption

and cond¢nsation. The applied sampling flow may be chosen freely, however, it needs to be smalle
air exchapge flow of the test chamber. A typical air sampling flow is 0,5 1/min.

C.5.7 Test duration
The samp|ling procedure is a minimum of 15.fnin due to repeated sampling or determinations.

NOTE Sampling time can be elongated if adsorptive effects are observed.

C.5.8 Calculation of the formaldehyde emission

' than the

The formpldehyde emission from the wood-based panels being tested are expressed as the concerjtration in
the air of the test chamber-sampled at the chamber exhaust. The test result is the mean value of thg recorded

concentrdtion values (min,-5) of the last sample run minute.

C.5.9 Performance characteristic

Performahce characteristics are strongly influenced by the individual design (i.e. analytical wavel
quality of eptical compounds) of the LAS analyser. For a system fulfilling the requirements dej

ength and
cribed in

C 5 3 the nf—nnl— lon-linmitc f/‘ A aratunically ]‘\n]r\vA n ATAWE~ mnlm3 ( ') nnlﬂ r\v\r] 1-kn vnpnf\fﬂ]‘\l] 1t

crTeCctroTTIIIIITe Y e TCTTT \“gA~a~y -—mu—y PPT

deviation is 2,5 % (0,001 25 mg/m3) at formaldehyde concentratlon ofO 05 mg/m3

C.5.10 Interferences

&7 standard

Measurements based on laser infrared absorption spectroscopy are highly sensitive to formaldehyde,
however, there can be cross-interferences with other organic volatile organic compounds (VOCs) which need
to be considered. Typical VOCs e.g. terpenes (a-pinen, -pinen, carene), aldehydes (benzaldehyde, decanal,
furfural), carboxylic acids (acetic acid, formic acid) and other VOCs may originate from the wood or the resin

system.
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C.5.11 Equivalence

The LAS analyzer needs to show equivalent test results for formaldehyde determination to the reference
wet-chemistry method as described in 9.4.2.2 and 9.4.2.3 and no significant cross-interferences with other
organic VOCs.

C.6 Chemical sensor

C.6.1 Measurement principle

Electrochemlcal sensmg of formaldehyde is accomplished via ox1dat10n reaction of formaldehyde adsorbed
onto a pre —Equal and
opposite feduction occurs on the reference/counter cathode The resultant change in current is prc portional
to the gaseous formaldehyde concentration.

sed electrochemical reaction of formaldehyde occurs as follows (see Figures C.7/t0 C.8):
o-

HCHO + OH ———» H_(|:_H

OH

The propq

Figure C.7 — Reaction scheme of formaldehyde oxidation to a geminal-diol anion

o
I

H—C—H+OH —— HCOQ+H,0+H,+e"

OH

Figure C.8 — Reaction scheme of resultant anion'\reacts with a hydroxyl ion at the working ¢lectrode
to form formate, water,dand hydrogen ion (see Figure C.7)

With sufficient diameter working electfode surface area the lower detection limit of formalfdehyde is
3,0 x 10~7|M. See construction of a sensor:

b—

~J

Figure C.9 — Schematic diagram of the sensor

In a potentiostatic circuit, the electrical potential across electrodes (commonly called bias voltage) is
maintained by external electronics. The working electrode, electrolyte, and counter electrode create an
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electrical path. The current flowing through this path is modulated by oxidation of formaldehyde at the
working electrode according to the above reaction (see Figures C.7 and C.8).

C.6.2 Hazards

Operation of the electro chemical sensor shall be according to the operating manual. Do not open the sensor.
Handling the chemicals used in the calibration process involves additional risks. Please refer to the hazard
information in the corresponding sections.

Sensors of this nature rarely have user-serviceable parts. Users should not disassemble the sensors and
instead contact the manufacturer if issues arise.

Electrochemical sensors contain strong alkali and electrodes may contain material which is dangerous to
health. Rdfer to the safety data sheet and contact the manufacturer for recycling and disposal.

C.6.3 Equipment for chemical analysis

For the r¢al-time measurement of the formaldehyde concentration in the chamber @iran electrpchemical
sensor shpuld be used.

Electrolyte replenishment is required at regular intervals to avoid crystallization of electrolyte or
asymmetfic concentration gradients due to evaporative losses. Replenishmeént’should occur daily after use
with deiohized water (unless otherwise specified) to a manufacturer-spetified concentration.

When not in use, this type of electrochemical sensor should be sealed from external environment and
connecterI to the specified bias voltage.

Sensors mjay regain responsiveness while not in operation.

C.6.4 Rpagents

No reagemts are required for the measurement itselfcFor the calibration water and reagents of hnalytical
purity ar¢ used, as described in C.2 to C.4.

C.6.5 Calibration

C.6.5.1 [General

The electfochemical sensor shall@ecalibrated daily and every four hours of continuous operation|using the
working gtandard. The calibration shall result in an acceptable signal strength value from the gensor; as
determingd by the manufacturer. Adjustments to the calibration may be made based on this signa] strength
value.

C.6.5.2 Sample based calibration procedure

C.6.5.2.1| Prepare a sample (set) as described in Clause 8.

C.6.5.2.2 "Insert the sample set Into the test chamber for conditioning for at least 15 min. Uperate the
chamber at (25 + 1) °C [(77 * 2) °F] and (50 * 4) % relative humidity. Record the temperature, relative
humidity, and barometric pressure during the testing period. Conduct the calibration at the specified Q/A
ratio and record this ratio in the report.

C.6.5.2.3 Ensure test chamber is on, at steady-state and in nominal conditions. If the working standard
was conditioned outside of the test chamber insert the sample working standard set into the test chamber
for conditioning for at least 15 min.

C.6.5.2.4 The wet-chemistry sampling is done according to the procedure described in 7.2.1.
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C.6.5.2.5 For analytical quantification of the absorbed formaldehyde follow the procedures described in
C.2to CA4.

C.6.5.3 Calculation of the calibration factor

The calibration factor of the sensor is calculated by relating the electrochemically determined formaldehyde
concentration with the concentration determined by wet-chemistry (in mg/m3 or ppm).

C.6.6 Sampling

The exhaust flow (that is, chamber outlet) is normally used as the sampling point, although separate
sampling ports in the chamber can be used. Gas carrying parts (i.e. tubing) should be constructed of a
material fo minimize absorption (for example, steel, PTFE). The sampling 1S done at room tenjperature.
Heating df connecting tubing and gas-carrying analyser components may be useful to prevefit’adsorption
and condg¢nsation. The applied sampling flow can be chosen freely, however, it needs to besmallel than the
air exchapge flow of the test chamber. A typical air sampling flow is 0,5 1/min to 1 1/min.

C.6.7 Test duration
The samp|ling procedure is minimum 15 min.

NOTE Sampling time can be elongated if adsorptive effects are observed or if\the response from the sensor is not
stable.

C.6.8 Calculation of the formaldehyde emission

The formpldehyde emission from the wood-based panels being\tested is expressed as the concentration in
the air of the test chamber sampled at the chamber exhaust atthe end of the 15 min sampling periol};.l The test
result is the mean value of the recorded concentration valiies (minimum 5) of the last sample run minute.

C.6.9 Performance characteristic

Performapce characteristics are strongly influenced by the individual sensor design. For a systenj fulfilling
the requifements described in C.6.3 The sensor shall have a measurement range of 0 to (at least)|2,46 mg/
m3 (2,0 ppm) and a limit of detection (L@D)lower than 0,0246 mg/m3 (20 ppb). The precision should not
exceed 5 Po of the measured value (or .the LOD, higher value) and the accuracy 10 % of the measyred value
(or the LAD, higher value).

The duralility of the sensor is approximately >200 h discontinuous operation.
The sensdr is calibrated at standard conditions (18 °C to 30 °C/64 °F to 86 °F, 0,95 bar to 1,05 bar).

Calibratidn of the sensor)should be assessed for signal strength/responsiveness, consistency, pnd drift.
When serjsors lose 60% or more of their signal strength (ratio of mA/mg/m3 response), or regpond too
slowly (< PO % of raaximum signal at 600 seconds), the sensor should be replaced.

Drift, or the ghange in sensor response over time, may occur during normal operation. Drift may pe caused
by a gradyidlincrease in zero or a decrease in responsiveness.

Sensor drift should be monitored for compensation or correction. Significant drift (>5 % signal loss since
last calibration) necessitates recalibration or replacement.

C.6.10 Interferences
Chemicals that have demonstrated interference for this detection technique include acetaldehyde, acetone

and methylethylketone. Care shall be used when developing analysis methods to account for any possible
chemical interference.
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C.6.11 Equivalence

The chemical sensor needs to show equivalent test results for formaldehyde determination to the reference
wet-chemistry method as described in 9.4.2.2 and 9.4.2.3. and no significant interferences with other

chemical compounds (see C.6.10).
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Annex D
(informative)

Establishing of a correlation

D.1 General

According
emission
requirem
out in the
to derive
product-r
reference

D.2 Tei

D.2.1
correlati
describes

D.2.1.1
linearre
used to pi

D.2.1.2
cluster
similar te

D.2.1.3
cluster a

approach
blank val

(e.g. ‘r’-value)

D.2.1.4

threshold approach

preliming
results th
statistica

D.2.1.5

)

bnts are based on chamber methods. To ensure conformity, material tests are contifuioug

l test methods shall correlate with the reference method (chamber method)s6 that a
plated limit value can be calculated for the derived method used and in turnycompliancg
method.

'ms and definitions

pbn
a relationship between two or more characteristics, statés or functions.

bression
edict the relationship between two variables by applying a linear equation to observed ¢

5t results leading to a grouping (cluster) of data pairs

pproach
using a data pair added te-the data cluster as an additional data point or as an anchor
le of test methods) to establish a linear regression achieving a minimum statistical req

ry thresholdwalue on the basis of average value of reported factory production control
at is used\if the linear regression derived by the cluster approach does not meet the
requirenients

‘r’-value

aldehyde

requirements before being placed on the market or sold. In most cases, the legally*published

ly carried

manufacturer’s own laboratory using derived test methods. Material tests carried out pccording

so-called
e with the

[ata

point (e.g.
juirement

FPC) test
minimum

pearson’s ‘r’-value, also known as Pearson’s Correlation Coefficient is the measure of the linear correlation
between in two variables

D.2.2

Limit values
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D.2.2.1

quality control limit

QCL

means the value from the quality control method test that is the correlative equivalent to the applicable
emission standard based on the reference chamber method The QCL is the absolute maximum class limit for
the derived test method that corresponds to a concentration of the maximum required formaldehyde value
of reference chamber method.

D.2.2.2

excursion limit value

quality control level (QCL) that shall not be exceeded by a certified lot. This limit value is designed to that
when 95 % of all tests fall below QCL, 99,9 % of all values will be below the excursion limit

D.2.2.3
Target Operating Level
TOL
to reasonpbly assure that at least 95 % of the factory production values (FPC) are at or below th¢ QCL, the
average vilue of FPC should be at the QCL minus a safety factor derived by the manufacturer baged on the
knowledge of their process

D.2.2.4
shipping|quality control limit value
SQCL
based up¢n the correlation between the FPC test method of a productready for shipment and the|reference
test methjod. Depending on the shipment data fixed by the manufacturer it can be differ or be the same as
the QCL

D.2.3
Test methods

D.2.3.1
reference test method
procedurg for directly measuring the formaldehyde emission of a product under the exact donditions
(chamber|method) for which the respectivelimit value has been set.

D.2.3.2
derived tlest method as factory production control method
FPC
test methpd used to develop the.correlation to the reference test method (chamber) and calculate the QCL

D.2.4

product
type of domposite weod product defined by the manufacturer or a regulation or any other external
requirements.

Note 1 to gntry:A-composite wood product can be defined based on e.g. production line, product recipe, regin system,
thickness range.

D.3 Sampling and sample preparation

D.3.1 General

The paired test pieces shall be sampled according to the principles of side matched for comparison between
the reference test method and the derived test method.

All sample preparation (e.g. sealing, conditioning etc.) should be carried out in accordance with the chosen
test method’s requirements.
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D.3.2 Side matching

Sampling of one or more test pieces from the same board, for the derived test method(s), that are directly
next to, or as near as practical to the reference test method test piece (see Figure D.1). The test pieces shall
be taken preferably at least 250 mm from the edges.

1 1 ™
S
&Y
NV
O
Key g\\%
1  sample derived test method << O
2 sample reference test method QQ
N\
Figure D.1 — Sample cuttihg}\principle
%
)

D.3.3 Product test data D

)
\
For the pyrpose of establishing a QCL for a prody\@ nly the paired test results shall be used.

D.3.4 Factory production control pragédures

shortly affter its production (also r d to as “hot testing”), the effects of post-curing, aging apd/or off-

Whenever the formaldehyde content and/or the formaldehyde emission of a wood-based panel is dgtermined
gassing oh emission characteristi ﬁall be considered.

in routing FPC testing sh e established to ensure consistency of measurement with that cgrried out
during the whole proce@‘ of testing.

Q.

D.4 Test me@;

D.4.1 Re{gcx;ce chamber test method

Thereford, clear documen@lity control procedures for the timing, strategy and processing qf samples

The test according to reference chamber method can be performed by the manufacturer’s laboratory or by
an external laboratory if the manufacturer wishes or as required by regulatory requirements.

In the case of a establishing a correlation, the formaldehyde test results should be rounded to 3 decimal
places.

D.4.2 Derived test methods

For FPC purposes different derived test methods or alternative documented methods may be used
depending, among other factors, on the type of the product. Table D.1 provides guidance for the selection a
derived test method.

© IS0 2024 - All rights reserved

58


https://standardsiso.com/api/?name=6a8114bec39d0265ebf53564b54a826b

1SO 12460-2:2024(en)

The derived test method should preferably be tested in the factory and not at an outside laboratory to reduce

the influe

nce of external variability into the assessment.

Guidance on the application of test methods is provided in Table D.1 based on the current state of the art. A
manufacturer may use a combination of test method for specific board types not listed in Table D.1.

Table D.1 — Guidance for the use of derived test methods for different wood-based panels are given

in this table as examples

Method Standard Type(s) of wood-based panels Examples of wood-based panels

Chamber IS0 12460-1

all kinds of wood-based panels, raw
or otherwise covered

Chamll)er 1SO 12460-2 all kinds of wood-based panels, raw
or otherwise covered
all kinds of wood-based panels. raw particleboard, fibreboard,|OSB, flaxboard,
Gas analysis ISO 12460-3 or otherwise covgred ’ plywood, solid wood panhels, LVL{ all types
of melamineé faced boards
Desiccator ISO 12460-4 raw or otherwise covered boards particleboard, MDF, Plywqod
Perforgtor ISO 12460-5 raw particle and fibre based boards | particleboard,fibreboard, OSB, flaxboard
Chamber ASTM D 6007 | "W particle, fl'bre based bgards and particleboard, MDF, plywqod
raw laminar composites
DM DMC Manual | "W particle, fl'bre based b(_)ards and particleboard, MDF, plywqod
raw laminar composites
Flask EN 717-3 all kinds of wood-based panels
D.5 Establishing the correlation
D.5.1 Ggneral context
Correlatign is the degree to which two variables.are linearly related. This is an important step in pi-variate
data analysis. The correlation coefficient is a statistical measure of the strength of the relationship between
the relative movements of two variables.
D.5.2 Selection of data
There are|different cases for data(selection considering the initial correlation, data of surveillance procedure
and so called ‘special cases’ reSujting in additional testing.

The initidg
to be used
The cont

measureq
dependin

1 correlation ofaproduct requires at least 5 data pairs for a product group up to 12 datg
L.

nuous surveillance is supplemented by a check of the QCL value in a period of 3 ye

pairs are

HI'S a4 New

valuesis“available for each product of a product group. The check of the limit value is done
b o thie number of monitoring periods per year.

Special ¢

additional testing (e.g. thickness range extension, changes of glue or glue supplier).
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Initial correlation

start with = 5 and
<12 data pairs
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Surveillance

start with
<12 data pairs

Special cases

start with
< 12 data pairs

Yy

\
D.5.4.1
YES NO
range of chamber .
; N nr ” analysis of
¥ vattes=0;05-ppm? Tuster ¥
D.5.3.2 D541 D.5.3.3
>
Option 1 o;gﬁyz
%)
D.5.3.3
A
Option 2
YES
most appropriate
r-value from option 1 and D.5.4.4.5
option 2 to be considered _ QCL calculation -
successful with
sufficientx-value?
NO
\
D.5.3.4
L select data - YES _N_O____
(remove old dataor | more thanIIS dla‘ga
outlier) pairs available?
NO |
|
\ |
|
|
|
_

new / more data |[¢*———————————
pairs shall be added

Fi D.2 — Flow di fd lecti  options f blishi latibn

D.5.3 Options to establish a correlation

D.5.3.1 General
The correlation is the means to predict the manufacturer’s value against the reference standard value.

The process to determine the linear regression as exclusively bivariate analysis proceeds uses of raw data
(option 1), data augmentation (option 2.1) and fixed origin for the estimator function (option 2.2). The
process is understood to be an escalation if the simple regression is not leading to a sufficient result. Thus,
the raw data is manipulated and greater requirements are being added to the regression.
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