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Foreword

committee has been established has the right to be represented on that committee. International 

The main task of technical committees is to prepare International Standards. Draft International 

casting a vote.

Paints and varnishes.

minor revision to correct the numerator of the fraction in Equation (6) in 10.5.

Paints and varnishes — Determination 
of volatile organic compound (VOC) content:

— Part 1: Difference method

— Part 2: Gas-chromatographic method
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Paints and varnishes — Determination of volatile organic 
compound (VOC) content —

Part 2:
Gas-chromatographic method

1 Scope

varnishes and related products.

varnishes and their raw materials. This part is preferred if the expected VOC content is greater than 

in the calculations.

2 Normative references

Determination of water — Karl Fischer method (General method)

Paints and varnishes — Examination and preparation of test samples

Paints and varnishes — Determination of density — Part 1: Pyknometer method

Paints and varnishes — Determination of density — Part 2: Immersed body (plummet) method

Paints and varnishes — Determination of density — Part 3: Oscillation method

Paints and varnishes — Determination of density — Part 4: Pressure cup method

Paints, varnishes and raw materials for paints and varnishes — Sampling

3.1
volatile organic compound
VOC

pressure of the atmosphere with which it is in contact

content (VOC content).

INTERNATIONAL STANDARD ISO 11890-2:2013(E)
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exempt compound.

3.2
volatile organic compound content
VOC content

conditions

with higher boiling points are considered to be non-volatile organic compounds.

3.3
exempt compound
organic compound that does not participate in atmospheric photochemical reactions

3.4
ready for use
state of a product when it is mixed in accordance with the manufacturer’s instructions in the correct 

approved method

4 Principle

5 Required supplementary information

Annex A.

6 Apparatus

6.1 Gas chromatograph

The apparatus shall be set up and used in accordance with the manufacturer’s instructions. All of the 
instrumental parts coming into contact with the test sample shall be made of a material (e.g. glass) 
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6.2 Sample injection system

6.2.1 General

6.2.2 and 6.2.3.

6.2.2 Hot-injection system with sample splitter (preferred system)

The instrument shall have a variable-temperature injection block with a sample splitter. The injection 

required to rule out errors due to residues of binder or pigment (i.e. adsorption of compounds). The 

6.2.3 Cold-injection system with sample splitter

to 300 °C and shall have a sample splitter inlet which is made of an inert material such as glass. The 

in 6.2.2. The split ratio shall be adjustable and capable of being monitored.

to an auto-injector. The manufacturer’s instructions shall be followed when an auto-injector is used.

6.2.4 Selection of sample injection system

substances which interfere with the determination.

various sample injector temperatures.

binders and additives. Cleavage products of the binders or additives which are identical to a constituent 

programmed increase in injection block temperature.

6.3 Oven

programmed temperature control. It shall be possible to set the oven temperature to within 1 °C. The 

of the column (see 6.5).

6.4 Detector

6.4.1 Flame ionization detector (FID)

that the signals (peak areas) used for the calculation are proportional to the amount of substance.

6.4.2 Suitably calibrated and tuned mass spectrometer or other mass-selective detector.
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6.4.3 Suitably calibrated Fourier-transform infrared spectrometer (FT-IR spectrometer).

6.5 Capillary column

separation (see examples in Annex B).

3.1) elute before the boiling-point marker compound (see 7.4) and those which are not VOCs elute after 

the marker compound given in 7.4 1)

6.6 Qualitative-analysis equipment

the instrument shall be coupled to the gas chromatograph and operated in accordance with the 
manufacturer’s instructions.

6.7 Injection syringe

the gas chromatograph.

6.8 Chart recorder

Compensating chart recorders are suitable for plotting the gas chromatogram.

6.9 Integrator

6.10 Sample vials

Filters shall be installed in the gas chromatograph connection pipes to adsorb residual impurities in the 
gases (see 6.12).

6.12 Gases

6.12.1 Carrier gas

1)
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6.12.2 Detector gases
of organic compounds.

6.12.3 Auxiliary gas

7 Reagents

7.1 Internal standard

separated from the other components in the chromatogram. It shall be inert with respect to the sample 

7.2 Calibration compounds

7.3 Dilution solvent

7.4 Marker compound

8 Sampling

Take a representative sample of the product to be tested (or of each product in the case of a multi-coat 

9 Procedure

9.1 Density

10.3 to 10.5
ISO 2811
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9.2 Water content

10.4 and 10.5
the method given in ISO 760

9.4).

9.3 Gas-chromatographic conditions

9.3.1
Annex B for examples of conditions for use 

9.3.2

9.4 Qualitative analysis of product

chromatograph coupled to a mass-selective detector or FT-IR spectrometer (6.6
programmed to the same settings as will be used in 9.3

9.5 Calibration

9.5.1
using the following technique:

9.5.1.1 6.10
in 9.4 which are of the same order of magnitude as their respective contents in the product under test.

Weigh a similar amount of the internal standard (7.1
dilution solvent (7.3

9.5.1.2 9.3.

9.5.1.3 Again inject a suitable amount of the calibration mixture into the gas chromatograph. Calculate 
the response factors for each of the compounds using Equation (1):
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r m A
m Ai

i

i
= ×

×
c is

is c

(1)

where

ri is the response factor for compound i;

mis

mci i in the calibration mixture;

Ais is the peak area of the internal standard;

Aci is the peak area of compound i.

9.5.2

9.6 Sample preparation

9.7 Quantitative determination of compound content

9.7.1

9.7.2 If the term VOC is being used for compounds whose boiling points are below a given maximum 

column which gives elution times that are related to the boiling point shall be used.

9.7.3

compounds with retention times lower than that of the marker compound. Determine the mass of all such 
compounds present in 1 g of the product using Equation (2):
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m r A m
m Ai

i i= × ×
×

is

s is

(2)

where

mi i in 1 g of the product;

ri is the response factor for compound i (see 9.5.1.3);

Ai is the peak area of compound i;

Ais is the peak area of the internal standard;

mis 9.6);

ms 9.6).

can then be used to determine the amount of solvent in the test sample.

9.7.4 Repeat the procedure.

10 Calculation

10.1 General

Method 1 is the preferred calculation method as the precision is better since it does not involve the 

10.2 Method 1: VOC content, as a percentage by mass, of the product “ready for use”

VOC = ×
=

=

∑mi
i

i n
100

1

(3)

where

VOC

mi i in 1 g of the test sample (see 9.7.3);

100 is a conversion factor to convert from mass (grams per gram) to a percentage.
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10.3 Method 2: VOC content, in grams per litre, of the product “ready for use”

VOC s= × ×
=

=

∑mi
i

i n
ρ 1000

1

(4)

where

VOC

mi i in 1 g of the test sample (see 9.7.3);

s 9.1);

1 000 is a conversion factor to convert from mass (grams per gram) to grams per litre.

10.4 Method 3: VOC content, in grams per litre, of the product “ready for use” less water

VOClw

s
w

w

s=
− ×

⎛

⎝

⎜
⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟
⎟

× ×=

=

∑m

m

i
i

i n

1

1

1000

ρ
ρ

ρ (5)

where

VOClw

mi i in 1 g of the test sample (see 9.7.3);

mw 9.2);

s 9.1);

w

1 000 is a conversion factor.
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10.5 Method 4: VOC content, in grams per litre, of the product “ready for use” less water 
and less exempt compounds 

VOClwe

s
w

w
s

ec

ecec

ec
=

− × − ×

⎛

⎝

⎜
⎜
⎜
⎜
⎜

⎞

⎠

⎟
=

=

=

=

∑

∑

m

m m

i
i

i n

i

ii

i n
1

1

1 ρ
ρ

ρ
ρ

⎟⎟
⎟
⎟
⎟

× ×ρs 1000 (6)

where

VOClwe

exempt compounds;

mi i in 1 g of the test sample without exempt compound  
(see 9.7.3);

meci i in 1 g of the test sample;

mw 9.2);

s 9.1);

w

eci i;

1 000 is a conversion factor.

11 Expression of results

12.2

12 Precision

12.1 General

Table 1
tested for a better comparison with the precision of ISO 11890-1.

12.2 Repeatability limit r

r
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12.3 Reproducibility limit R

R

Table 1 — Results of interlaboratory testing

Parameter Dispersion Cathodic electro-
deposition paint

Water-based 
paint

Two-component 
varnish a

Number of laboratories 5 7 5 6

Number of repeated determinations 5 5 5 5

-
tion

a

13 Test report

The test report shall contain at least the following information:

a) a reference to this part of ISO 11890 (ISO 11890-2);

Annex A;

Clause 10 10.2 10.3
10.4 or 10.5);

g) the date of the test.
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Annex A
(normative)

Required supplementary information

the method to be carried out.

product under test.

a) The organic compound(s) to be determined (see Clause 9).

b) The experimental conditions to be used (see Clause 9).

c) The boiling-point marker compound used (see 7.4).

d) Which of the organic compounds in a) are exempt compounds.

e) The method of calculation to be used (see Clause 10).
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Annex B
(informative)

Examples of gas-chromatographic conditions

B.1 Hot injection of a water-thinnable product

Injector temperature: 250 °C

Split ratio: 1:40

Injection volume:

Oven temperature programme: initial temperature: 100 °C

isothermal holding time: 1 min

heating rate: 20 °C/min

isothermal holding time: 21 min

Detector temperature: 260 °C

Carrier gas: helium

column inlet pressure: 124 kPa (18 psi)

100 °C oven temperature

Column: length: 60 m

1) has been found suitable)
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B.2 Cold injection of a water-thinnable coating product

injection temperature: 30 °C

heating rate: 10 °C/s

holding time: 10 s

heating rate: 10 °C/s

second holding temperature: 260 °C

holding time: 240 s

split ratio: 1:20

Injection volume:

Oven temperature programme: initial temperature: 50 °C

isothermal holding time: 4 min

heating rate: 8 °C/min

isothermal holding time: 10 min

Detector temperature: 280 °C

Carrier gas:

column inlet pressure: 150 kPa

Column: length: 50 m
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B.3 Hot injection of a product containing no water

Injector temperature: 250 °C

Split ratio: 1:100

Injection volume:

Oven temperature programme: initial temperature: 40 °C

heating rate: 3 °C/min

isothermal holding time: 15 min

Detector temperature: 260 °C

Carrier gas: helium

column inlet pressure: 170 kPa

Column: length: 50 m
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B.4 Cold injection of a product containing no water

injection temperature: 40 °C

heating rate: 10 °C/s

holding time: 10 s

heating rate: 10 °C/s

second holding temperature: 250 °C

holding time: 200 s

split ratio: 1:100

Injection volume:

Oven temperature programme: initial temperature: 40 °C

heating rate: 3 °C/min

isothermal holding time: 10 min

Detector temperature: 260 °C

Carrier gas: helium

column inlet pressure: 170 kPa

Column: length: 50 m
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