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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[1d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see w
foreword.html.
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5 document was prepared by Technical Committee ISO/TC 35, Paints and varnishes, in co
h the European Committee for Standardization (CEN) Technical Committee CEN/TC 139
hishes, in accordance with the Agreement on technical cooperation between ISO and Cl
eement).

5 fourth edition cancels and, replaces the third edition (ISO 11890-2:2013), which

main changes compared to the previous edition are as follows:

the scope hasdeen expanded to include concentration ranges from 0,01 % to 100 %;
the specifications for determination of semi-volatile organic compounds have been adde
5t of alliparts in the ISO 11890 series can be found on the ISO website.

feedback or questions on this document should be directed to the user’s national standa

bnance are
ded for the
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the scope has beenexpanded to include the determination of semi volatile organic compounds (SVOC);

d.

ds body. A

plete listing of these bodies can be round at Www.1S0.0rg/members.ntmi.
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Introduction

This document is one of a series of standards dealing with the sampling and testing of coating materials
and their raw materials. It specifies a method for the determination of the volatile organic compounds
(VOC) content and the semi-volatile organic compounds (SVOC) content of coating materials and their
raw materials.
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Paints and varnishes — Determination of volatile organic
compounds(VOC) and/or semi volatile organic compounds
(SVOC) content —

Part 2:
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RNING — The use of this document can involve hazardous materials,’ oper
ipment. This document does not purport to address all of the safety problems
h its use. It is the responsibility of users of this document to take appropriate
tnsure the safety and health of personnel prior to the application,6fthe docume
ermine the applicability of any other restrictions for this purpose.

Scope

Lent greater than 0,01 % by mass up to 100 % by mass.

method given in ISO 11890-1 is used when the VOG:is greater than 15 % by mass. This
thod ISO 11890-2) applies when the system contais VOC and SVOC as the VOC result of [
be influenced by the SVOC. For VOC content smaller than 0,1 %, the head space method
17895 is used as an alternative. ISO 11890-1 and ISO 17895 cannot be used for the deter
SVOC content.

E1 Some ingredients of coating materials and their raw materials can decompose during g
e artificial VOC and/or SVOC signals. When determining VOC and/or SVOC for coating materidg
materials, these signals are artefacts.of the method and are not taken into account (examples
ex B).

5 method assumes that the volatile matter is either water or organic. However, oth
ganic compounds can bejpresent and might need to be quantified by another suitable
wed for in the calculdtipns. The method defined in this document is not applicable for det
rater content.

E2 If organic Acids or bases and their corresponding salts are present in the coating materi

erials, the amount that is quantified by this method might not be accurate due to a change in the
librium.

Normative references

e]ltions and

ssociated
measures
nt, and to

5 document is applicable for the determination of VOC and SVOC with an expected VOC anpd/or SVOC

document
50 11890-1

dlflscribed in

ination of

nalysis and
Is and their
are given in

er volatile
hethod and
prmination

hl or its raw
acid or base

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO
ISO
ISO
ISO

©IS

760, Determination of water — Karl Fischer method (General method)
1513, Paints and varnishes — Examination and preparation of test samples
2811 (all parts), Paints and varnishes — Determination of density

15528, Paints, varnishes and raw materials for paints and varnishes — Sampling
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3 Term

s and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

volatile ong

voc
any organ
pressure o

Note 1 to 4
compounds

Note 2 to er]
photochemi
exempt com

[SOURCE: 1

3.2
semi-volat
SvocC

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

[EC Electropedia: available at http://www.electropedia.org/

Qic oo o d

OIIIC CUTITp OO

c liquid and/or solid that evaporates spontaneously at the prevailing temperature
f the atmosphere with which it is in contact

ntry: As to current usage of the term VOC in the field of coating materials, see\volatile org
Fontent (VOC content) (3.4).

try: Under US government legislation, the term VOC is restricted solely to those compounds that
cally active in the atmosphere (see ASTM D3960). Any other compound’is-then defined as bein
bound (3.6).

SO 4618:2014, 2.270]

ile organic compound

organic liquid and/or solid that evaporates spontaneously *but slower in comparison to VOC at

prevailing

temperature and pressure of the atmosphere with which it is in contact

Note 1 to enptry: As to current usage of the term SVOC in-the field of coating materials, see semi-volatile org

compounds

3.3

tontent (SVOC content) (3.5).

non-volatile organic compound

NvOoC
organic liq

3.4
volatile on
VOC conte|
VOCC
mass of the
conditions

1id and/or solid not classified as VOC or SVOC

ganic compoundscontent
nt

volatile organic compounds (3.1) present in a coating material, as determined under speci

Note 1 to er

try» The properties and the amounts of the compounds to be taken into account will depend on

field of application of the coating material. For each field of application, the limiting values and the method

i leculati tipulated b lati b t
determlnat oL calculatlon are.s lpll L -‘/7 Y‘Dgll SL1O0NS O }7 QgY‘DDmDh

and

anic

are
> an

the

anic

fied

the
s of

Note 2 to entry: If the term VOC refers to compounds with a defined maximum boiling point, the compounds
considered to be part of the VOC content are those with boiling points below and including that limit, and

compounds

[SOURCE: I

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

S0 4618:2014, 2.271, modified — Note 2 to entry has been added.]
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semi-volatile organic compounds content
SVOC content

SvoccC

mass of the semi-volatile organic compounds (3.2) present in a coating material, as determined under
specified conditions

Note 1 to entry: The properties and the amounts of the compounds to be taken into account will depend on the
field of application of the coating material. For each field of application, the limiting values and the methods of
determination or calculation are stipulated by regulations or by agreement.

Not
boil
incl
non

3.6
exel
org

Not

3.7

P2 to entry: IT the term SVOC refers to compounds with a defined maximum boilling point an
Ing point, the compounds considered to be part of the SVOC content are those with boiling point

iding the upper and above the lower limit, and compounds with higher boiling points aré cons
volatile organic compounds.

mpt compound
hnic compound that does not participate in atmospheric photochemical’reactions

e 1 to entry: This expression is only relevant in some countries.

rea

stafe of a product when it is mixed in accordance with theqmanufacturer's instructions in

y for use

d minimum
s below and
dered to be

he correct

proportions and thinned if required using the correct thinners so that it is ready for applicdtion by the

ap

3.8
intd
con
the
ran

step of the analysis

39
sur
con|

3.10

ma
con
has

3.1
ret

tr

oved method

trnal standard
pound which is not present in the sample;is completely separated from the other com
chromatogram, is inert with respect to the sample constituents, stable in the required te
be and of known purity and which isiadded to the sample to control the dilution and th

rogate standard
pound of known puritywhich is used to quantify unidentified VOCs and SVOCs

rker compound
pound which isused to differentiate between VOC and SVOC, or SVOC and NVOC if the diff]
to be made ¢n-the basis of retention time (3.11)

|
bntiontime

ponents in
mperature
e injection

brentiation

tim

p elapsed from injection of the sample component to the recording of the peak maximum

3.12
extraction solvent
liquid used to extract the VOCs and SVOCs from the matrix under investigation

3.13
major peak

pea

k that contributes significantly to either

the VOC content, i.e. 2 10 % of the absolute VOC content (as DEA equivalent) and = 0,1 % by mass (as

DEA equivalent), or

the SVOC content, i.e. =2 10 % of the absolute SVOC content (as DEA equivalent) and 2 0,1
(as DEA equivalent)

© IS0 2020 - All rights reserved
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3.14

minor peak
peak that contributes only to a minor extent to either

(as DEA equivalent), or

content (as DEA equivalent)

3.15

the VOC content, i.e. < 0,1 % by mass (as DEA equivalent) and/or < 10 % of the absolute VOC content

the SVOC content, i.e. < 0,1 % by mass (as DEA equivalent) and/or < 10 % of the absolute SVOC

reagent
substance

[SOURCE: 1

1sed in chemical/biochemical analysis or other reactions

SO 20391-1:2018, 3.19]

4 Pringiple

After prep
technique.
injection is
quantified
help of an
surrogate §
VOC and/o

5 Requ

For any p3
interested

hration of the sample, the VOCs, SVOCs and NVOCs are separated by a gas chromatograj
Either a hot or a cold sample injection system is used, depending-on the sample type.
the preferred method. After the compounds have been identified, e.g. via GC-MS, they
from the peak areas with respect to their compound specgific’'relative response with
nternal standard, via GC-FID. Non-identifiable substances$ are quantified with respect
tandard that can be identical to the internal standard. A'¢alculation is performed to give]
I SVOC content of the sample.

ired information

rticular application, the information required should preferably be agreed between

other docul

parties and may be derived, in part or,totally, from an international or national standar
ent related to the product under test.

The required information can include the following points:

a)
b)
‘)
d)
e)

the cl

6

the organic compound(s) to be determined (see Clause 9);

the experimental conditions to.be used (see 8.5);

sification criteria‘for VOC and/or SVOC;

which pf the organie’eompounds in a) are exempt compounds (if relevant);

the mdthod of calgulation to be used (see Clause 10 and Clause 11).

Apparatus

bhic
Hot
are
the
[0 a
the

the
d or

6.1 Gas chromatograph

All of the instrumental parts coming into contact with the test sample shall be made of a material (e.g.
glass) which is resistant to the sample and will not change it chemically.

Use one of the two types specified in 6.1.1 and 6.1.2.

© IS0 2020 - All rights rese
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6.1.1 Hot-injection system (preferred system)

The instrument shall have a variable-temperature injection block with sample splitter. The injection
temperature shall be capable of being set to an accuracy of 1 °C. Standard operating temperature shall
be between 250 °C and 280 °C.

NOTE It is useful to use silanized glass wool to retain non-volatile constituents. The active sides of silanized
glass wool can be a sink for organic compounds and significantly influence the recovery rate in the lower range
of the method. The occurrence of adsorption is revealed by peak tailing, in particular with components of low

volatility and/or high polarity.

6.1]2 Cold-injection system (programmed temperature vaporizer, PTV)

The cold-injection system shall be provided with temperature programming for heating fra
to 300 °C including a sample splitter for split operation.

NOTE

gla

It is useful to use silanized glass wool to retain non-volatile constituents. Thedctive sides|
wool can be a sink for organic compounds and significantly influence the recevety rate in the

m ambient

of silanized
ower range

of the method. The occurrence of adsorption is revealed by peak tailing, in particular with components of low

vol

6.1

The
pre
whi
the

Ind
chr
var

6.2

The
pro
fing
of t

6.3
The

6.3
VO(
abo

ility and/or high polarity.

3 Selection of sample injection system

choice between hot-injection and cold-injection will depend on the type of product und

ferred to use the cold-injection system for products which, at high temperature, release
ch interfere with the determination. Cleavage products of binders or additives can be
use of cold injection system.

cations of cleavage or decomposition reactions can be obtained by looking for char
bmatogram (for example the occurrence of fareign peaks or an increase or decrease in p
ous sample injector temperatures (see Annex B).

Oven

oven shall be capable of being heated between 40 °C and 300 °C both isothermally
brammed temperature control. It shall be possible to set the oven temperature to withi
1 temperature of the temperature programme shall not exceed the maximum operating t¢
he capillary column (see-6.4).

Detector

following two-detectors shall be used.

1 Mass spectrometer or other mass-selective detector (MS or MSD), for the ident
and 'SVOC compounds. To prevent condensation, the detector temperature shall be at

br test. It is
substances
Feduced by

ges in the
bak size) at

and under
n 1°C. The
mperature

ification of
[east 10 °C

ve-the maximum oven temperature.

6.3.2 Flame ionization detector (FID), for quantification of VOC and SVOC compounds operated at
temperatures between 230 °C and 300 °C. To prevent condensation, the detector temperature shall be
at least 10 °C above the maximum oven temperature. The detector gas supply, injection volume, split
ratio and gain setting shall be optimized so that the signals (peak areas) used for the calculation are
proportional to the amount of substance.

© IS0 2020 - All rights reserved
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6.4 Capillary column

The column shall be made of glass or fused silica. Columns of sufficient length to resolve volatiles and of
maximum internal diameter 0,32 mm, coated with 5 % phenyl-modified poly(dimethylsiloxane) or 6 %
(cyanopropyl-phenyl)-methylpolysiloxane at a suitable film thickness shall be used.

NOTE Columns such as DB-5, HP-5, or DB-1301 are suitablel). DB-5, HP-5 or DB-1301 are GC columns
characterized as equivalent to USP phase G27 or G43. Other columns equivalent USP phase G27 or G43, which
meet the pre-set performance criteria of this method can be used as well.

6.5 Analytical system performance criteria

The analytlical system performance criteria shall be demonstrated. The limit of quantification)(EPQ)
for the VO content and SVOC content, respectively, is 0,01 % by mass. For single compounds,-the LOQ
is assumed to be 0,005 % by mass using the response factor for diethyladipate (i.e. in DEA®@quivalents).

NOTE The limit of quantification can deviate for single compounds. If necessary, the compeund specific limit
of quantificition can be determined for the considered single compound(s).

Chromatographic resolution shall be sufficient to separate the compounds DEA and tetradecane ((14),
as well as docosane (C22) and dibutylsebacate (DBS). At least a resolution of\1’shall be reached.

For the quantification of VOC content and/or SVOC content at concentrations-below 0,1 % by mass the LOQ
of triethylene glycol (TEG) shall be proven to be at least 0,005 % by mass,'based on the sample weight.

6.6 Qualitative-analysis equipment

If the sepafated components are to be identified by a mass<selective detector, the instrument shalll be
coupled to[the gas chromatograph.

6.7 Injegtion syringe

The injectipn syringe shall have a capacity of at feast twice the volume of the sample to be injected |nto
the gas chrjomatograph.

6.8 Data processing

A suitable [software shall be used for integration, calibration, quantification and other data handling
processes.

6.9 Sample vials

Use vials npade of chierhically inert material (e.g. glass) which can be sealed with a suitable septum|cap
[e.g. a rubher membrane coated with poly(tetra fluoro ethylene)].

6.10 Gas filters

Filters shall be installed in the gas chromatograph connection pipes to adsorb residual impurities in the
gases (6.11).

6.11 Gases

6.11.1 Carrier gas, dry, oxygen-free helium, nitrogen or hydrogen, having a purity of at least 99,996 %
by volume.

1) DB-5,HP-5and DB-1301 are the trade names of products. This information is given for the convenience of users
of this document and does not constitute an endorsement by ISO of the product named. Equivalent products may be
used if they can be shown to lead to the same results.
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6.11.2 Detector gases, hydrogen having a purity of at least 99,999 % by volume and purified or
synthetic air, free of organic compounds.

6.11.3 Auxiliary gas, nitrogen or helium of the same quality as the carrier gas.

7

7.1

Reagents

General

Table 1 — List of reagents and their function

rfl, markers,

Reagent CAS - No. Abbreviation Functjon
n-docosane CAS 629-97-0 C22 SVOC marker fompound
dibptylsebacate CAS 109-43-3 DBS Performance criteria
n-t¢tradecane CAS 629-59-4 C14 compopind
trigthylene glycol CAS 112-27-6 TEG
diethyladipate CAS 141-28-6 DEA VOC marker cpmpound/

internal standprd/surro-
gate starjdard
acefonitrile CAS 75-05-8 AEN Extractionfsolvent
methanol CAS 67-56-1 MEOH
tetrahydrofuran CAS 109-99-9 THF
7.2| Internal standard
The internal standard should be a compound which is not present in the sample and is completely

sep
con

stapdard is DEA.

Ith
isu

stamdard.

NO71I
ana

NOT

hrated from the other components'in the chromatogram. It shall be inert with respect to
Stituents, stable in the requitred temperature range, and of known purity. The preferr

Ked. If reaction of DEAin a matrix is suspected, choose another suitable solvent or anoth

ysis fulfilling the function as surrogate standard (7.3), marker compound (Z7.4) and internal stan

E 2 IfDEA is not suitable as internal standard, internal standards such as glycol ethers can be

the sample
bd internal

hs been observed that-DEA is not chemically stable in alkaline matrices when the solvenjt methanol

er internal

E1 The bénefit of using DEA as internal standard is that only one compound needs to be aglded during

dard.

suitable.

7.3

e
e

The surrogate standard to be used is DEA.

7.4

Marker compound

In case of the need of a classification according to 9.2, marker compounds may be used to classify
unidentified components as VOC or SVOC via retention time. If a peak cannot be identified, its boiling
point will be unknown. In this case, the marker compound to characterize the upper limit of the VOC
range is DEA and the marker compound to characterize the upper limit of the SVOC range is C22, if not
otherwise specified by the contractor, i.e. any valid legislation, label or a classification.

©IS
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7.5 Performance criteria compounds

The performance criteria compounds are used to prove sufficient chromatographic resolution at the
retention time of the marker compounds. They are also used to ensure that the analytical system has a

sufficient s

ensitivity.

7.6 Calibration compounds

The compounds used for calibration shall have a purity of at least a 99 % by mass or shall be of known
purity. In the latter case, a correction with respect to purity shall be applied.

7.7 ExtrLction solvent

The extrac
under inve
The extrac
with the d
separate r
peaks, esp

The suitability of a solvent or solvent mixture other than methanol, acétonitrile and THF shal

checked by

8 Proce

8.1 Sampling

Prepare th

Take at lea
of a multi-q

8.2 Ana

8.2.1 Sa

Weigh a su
appropriat
volume of
compound
methods s
readily set

The intern

ctigation. Methanol, acetonitrile and THF have been proven to be suitable extraction solve
tion solvent shall be of known purity and it shall not contain any substanceSywvhich inter
etermination, e.g. causing overlapping peaks in the chromatogram. Always carry of
in injecting the solvent alone in order to observe contaminants and possible interfere
ecially in trace analysis.

determining the recovery rates of analytes from the sample’under investigation.

dure

e sample as specified in ISO 1513 for testingtin the “ready for use” state.

5t duplicate representative samples of the product to be tested (or of each product in the ¢
oat system), as specified in ISO 15528-and prepare each sample for testing.

ysis

mple preparation

itable amount of sample greater than 0,2 g (generally 1 g to 3 g is recommended) anc
e amount of thedntérnal standard into a sample vial. Dilute the test sample with a suit
bxtraction solvent (typically a dilution factor of 4 to 50 is applied, depending on the ta
concentratiofl; see 7.7), seal the vial and homogenize the contents. When necessary,
ich as stixfing, vortexing or ultrasonic mixing to support extraction. If particles do
[le, phase Cleaning can be obtained by centrifugation or filtration.

bl standard concentration should be chosen at such level that detector signal precision

tion solvent should be suitable to completely extract the VOCs and SVOCs from -the sample

nts.
fere
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recovery ft

Repeat the
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procedure and perform at least a duplicate analysis.

8.2.2 Data acquisition for sample measurement

Set the instrumental parameters as optimized during calibration.

Determine the retention times of the marker compounds (see 9.2). These retention times define the
integration end-point for the unidentifiable VOC and/or SVOC determination in the chromatogram if no
other specifications are given.
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Inject 0,1 pl to 1 pl of the test sample into the gas chromatograph and record the chromatogram.
Determine the peak areas for each compound and allocate each peak to the VOC range or to the SVOC
range as specified in 9.2.

8.3 Calibration

8.3.1 General

Where suitable calibration compounds are commercially available, the relative response factor shall be
determined using multi point calibration.

8.3{2 Preparation of calibration solutions

Weigh, into a sample vial (6.9), to the nearest 0,1 mg, suitable amounts of the compounds determined
in 91 which are of the same order of magnitude as their respective contents in thé,product ynder test.

Weigh a similar amount of the internal standard (7.2) into the sample vjdl, dilute the mikture with
extlaction solvent (see 7.7), and inject it under the same conditions as will be used for the teft sample.

Repleat the procedure above two to seven times depending on the humber of calibration goints with
different amounts, encompassing the respective contents in the product under test.

NOTE1  Usually, a three- or five-point calibration is suitable.

NOTE 2 A one-point calibration is not suitable for the initial.calibration of a compound becausq it does not
allow to verify the linear relation between relative response and relative mass, see Figure 1.

8.3]3 Analysis of the multi-point calibration

Injgct suitable amounts of the calibration solutions into the gas chromatograph. Plot the fass of the
conjpound under investigation relative to the'internal standard mass versus the peak area offcompound
i diyided by the peak area of the internalistandard.

Y

1,8 -
1,6 |-
14 |-
1,2 -
1

Key
Y Ai/Ais
X m/my

Figure 1 — Example of a multi-point calibration

Then carry out a linear regression to determine the slope of the curve, s; . It represents the reciprocal of
the compound specific relative response factor (CSRF), r;.. The function for linear regression, the
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relation between the slope of the curve and the CSRF and the calculation of the relative response factor,

r;, are given in the Formulae (1), (2) and (3).
ALy A M
A[‘41'5 }_Si A[mis ] .
r=— (2)
ie
_ mis 3)
= (
Al
)

;. is the CSRF (compound specific relative response factor);

s. is the slope of the curve;

A; isthe peak area of compound j;

is the peak area of the internal standard;

; is fhe mass, in grams, of compound i in the calibration sotution;
m

is is fhe mass, in grams, of the internal standard in the calibration solution.

No offset other than statistical deviations should be obséerved. If a significant offset is recorded, resplts
and the eqhipment should be checked and, if necessary, the analysis shall be repeated.

8.4 (Quality assurance

Quality asqurance may be used to check if:the CSRF has changed and if a new calibration is necesspry.
An appropfiate, e.g. mid level, calibratien solution can be used (see 8.3.2).

8.5 Gas chromatographic conditions

The gas-chfomatographiccenditions used depends on the product to be analysed and shall be optimjzed
each time yising a known ealibration mixture.

The injectlon volume‘and the split ratio shall be coordinated so as not to exceed the capacity of
the column and _foremain within the linear range of the detector. Asymmetrical peaks will givg an
indication pf overloading of the gas-chromatographic system.

Examples of suitable G€ mrethod comditions are givermr imAnmex €:

8.6 Density
If required by the calculation (see 11.3 to 11.5), determine the density of the sample using the part of

ISO 2811 which will give the best precision for the type of sample concerned. Determine the density
at 23 °C.

8.7 Water content

If required by the calculation (see 11.4 and 11.5), determine the water content, as a percentage by
mass, by the method given in ISO 760, selecting the reagents so that there will be no interference from
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the compounds contained in the sample. If the compounds are not known, they shall be determined
qualitatively (see 9.1).

NOTE1 Typical compounds likely to cause interference are ketones and aldehydes. Reagent manufacturers
normally publish literature for guidance on correct reagent selection.

NOTE 2  If the product to be tested is well characterized and known not to contain water, it might not be
necessary to determine the water content, which is, in this case, assumed to be zero.

9 Data analysis

9.1] Integration and identification of compounds

If tlhe organic compounds in the product are not specified, then identify them. Argas’chromatograph
coupled to a mass-selective detector as specified in Clause 6 shall be used.

Where compounds shall be quantified, peaks of compounds larger than 0,01-% by mass determined
with respect to the surrogate standard shall be identified by mass selective'detection.

For|quantification, evaluate the chromatogram obtained from the FIP by integrating all peaks larger
than 0,005 % by mass with respect to DEA equivalents.

The peak area for each identified compound in the sample Should fall within the area range of the
appjropriate calibration line. In case the peak area of an identified compound falls outside the calibration
ling, the calibration line should be extended so that the péak area of the compound in the spmple falls
within the area range of the calibration line or the samplé shall be diluted. In the event thaf co-eluting
peaks remain unresolved, all major peaks shall be identified and the entire affected chromatographic
arep quantified by dropping perpendiculars to baseéline in the valleys between the major |peaks (see

Figuire 2).
Y 743 747

J \

NOTE Source: EN 16402:2019, Figure 1

Figure 2 — Illustration of appropriate integration method for chromatographic components
that cannot be resolved

For complex chromatograms that show clusters of peaks that cannot be resolved, these clusters should
not be separated into solitary peaks, but the total area of the whole agglomerate should be calculated
and quantified using the most appropriate relative response factor (for a group of target compounds).
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Such appropriate response factor can be derived from calibration with a compound that, based on its
chemical structure, is expected to have the same FID response as the identified cluster components.

Typical clusters could originate from technical mixtures such as hydrocarbons or glycols (see Figure 3).
Clusters that span over the marker at the VOC/SVOC-border shall be split into a VOC- and an SVOC-part
with a perpendicular to the baseline at the retention time of the marker used.

Y
20
17,5 |-
15
125
10 F
75 b
s
25 -
0 I | 1 ps I 1 I 1 I 1
11 12 13 14 21 22 X
Key
X retentign time in minutes
Y signal ip millivolt
Figure 3 — Illustration)of appropriate integration method for complex mixtures of chemical
homologues that cannot be resolved
In isomeri¢ mixtures, different isomers of the same compound often elute at different retention tijnes
due to difiﬁrent interactions with the column material. Therefore, isomeric mixtures can appeal as
more than lane pqu inthe rhrnmnfngrnm

If the isomers have different boiling points, e.g. isomers of xylene, they should be identified, classified
by their boiling point and quantified separately using the CSRF of the corresponding isomer.

For isomers, which have the same boiling point but elute in more than one peak, e.g. 2,2,4-trimethyl-1,3-
pentanediolmonoisobutyrate, ensure to integrate the peaks in the calibration in the same way as the
peaks in the sample. Quantification can be done in two ways.

1) Integrate all peaks of the isomeric mixture together.

2) Integrate and quantify the isomeric peaks separately. Use the average of the quantification results
for the final result of the isomeric compound (not the sum).
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Classification of compounds

In order to determine the VOC and/or SVOC content, the compounds analysed shall be classified to the
category VOC or SVOC according to the following priority list (see also Figure 4).

Identified compounds shall be classified according to requirements as given by the contractor, i.e.

any valid legislation, label or a classification.

If the classification shall be done via the boiling point (BP) of an identified compound,

the boiling

point shall be taken from the non-exhaustive list of VOC, SVOC and NVOC compounds available in

Annex A.

Thd
The
Clas

If an identified substance is not present in this list, a reliable source should be used forx
the boiling point. This source shall be referenced in the test report.

NOTE Examples of reliable sources are the disseminated data of the REACH registration d
website www.echa.europa.eu or the website www.chemspider.com from the Royal)Seciety of Ch|

If no requirement for VOC or SVOC definition is given for identified.compounds, the
compounds should be listed individually.

eferencing

n the ECHA
emistry.

identified

If the compounds cannot be identified via their mass spectra, classification can be made by using

specific markers (classification by retention time).

If the compounds cannot be identified via their mass speetra and no boiling point reqiirement is

given, all compounds eluting with a retention time prieror equal to DEA shall be handled
all compounds eluting after DEA and prior or equal £0.€22 shall be handled as SVOC. All
eluting after C22 shall be handled as NVOC.

relative retention time order of substances dees not necessarily correlate with boiling
refore, classification to VOC or SVOC via thedise of marker compounds is prone to miscla
sification by boiling point or other pre-given requirements is preferred with respect to clz

by marker compounds.

s VOC, and
ompounds

oint order.
ssification.
issification
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Figure 4 — Scheme for classification of compounds
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Quantitative determination of compound content

10.1 General

All peaks shall be quantified with an FID detector.

Major peaks shall be quantified using the CSRF, where compounds are commercially available.

All

peaks < 0,1 % in DEA equivalents and all peaks = 0,1 % in DEA equivalents classified as non-
significant shall be quantified using the calibration with respect to the relative response factor of

a)
b)

c)

Uni

If t
per
resj

NOT

Int
orl
Svd

Follow the scheme for quantification as given inFigure 5.

the surrogate standard (DEA) as specified in 7.3, or

arepresentative compound, i.e. a structural isomer or homologue, as specified in/9:L, or

available, according to 10.2.1.
Hentified peaks are quantified in DEA equivalents.

he (expected) VOC and/or SVOC content is < 0,1 %, a simplified)quantification met}
formed as described in Figure 5. Quantification of VOC and/or SVOC content can be perfq
pect to the surrogate standard in the range between 0,01 % by mass and 0,1 % by mass.

E Quantification by CSRF can still be used.

he calculation of VOC and/or SVOC content, all individual compounds with concentratio
hrger than 0,005 % by mass with respect to DEA equivalents shall be considered. If the

C content is smaller than 0,01 % by mass reportVOC and/or SVOC content “<0,01 % by npass”.

the compound itself (CSRF), when the compound has been identified and- ealibratiojn data are

od can be
rmed with

hs equal to
OC and/or

”
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record GC-FID
chromatogram

:

integrate all peaks
> 0,005 % of
DEA equivalents

:

identify and
classify peaks
according to Figure
4 as VOC or SVOC

:

evaluation of VOC
and/or SVOC

| content=0,1%in |

DEA equivalents

<0,1% in DEA
equivalents

20,1 % in DEA
equivalents

choose-quantification method
by-s€paration into major
and minor peaks

quantify all peaks as DEA
equivalents @ according to 10.2.2

major
peaks

major
compound
commercially:
available?

minor
peaks

yes no
. quantify quantify compp-
quan]t:fy peaks as DEA nents as DEA
ace rdPeats 10.2.1 equivalents equivalents
Orcingip.10.2. according to 10.2.2 according to 10{2.2

calculate VOC
and/or SVOC
content according
to clause 11

l

evaluation evaluation
e o if VOC and /or
. g ) SVOC content
in DE]A etqul- >19%?
o valents o i
<0,01'/01n 20,01./01n <1% >1%
DEA equivalents DEA equivalents
report VOC report VOC and/ report VOC and/ report VOC and/
and/or SVOC or SVOC content to or SVOC content to or SVOC content to
content < 0,01 % the nearest 0,005 % the nearest 0,01 % the nearest 0,1 %

a  Quantification with respect to CSRF (according to 10.2.1) or another representative compound (as described

in 9.1) is possible.

16

Figure 5 — Quantification scheme
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10.2 Quantitative determination of compound content

10.2.1 Quantification with respect to CSRF
Determine the weight fraction of all such compounds of the product using Formula (4):

1 X A Xmy
=257 1100 % )
mS XAIS

f; isthe weight fraction of compound i in % of the product;

r;  is the CSRF for compound i (see 8.3.3);

A; isthe peakarea of compound i;

A, isthe peak area of the internal standard;

m;, is the mass, in grams, of internal standard in the test sample {see 8.2.1);
m, is the mass, in grams, of the test sample (see 8.2.1).

10.2.2 Quantification with respect to surrogate standard

Detprmine the weight fraction of all such compounds of the product using Formula (5):

A.xm
f;=——DLEA %100 % (5)
Mg X Apgp
whgre
f; is the weight fraction of compound i in % of the product;
A, is the peak area of cempound i;

Apga is the peak area efthe surrogate standard;
Mmpg, is the mass, igrams, of surrogate standard in the test sample (see 8.2.1);

m is the miass, in grams, of the test sample (see 8.2.1).

S

11(Calculation of VOC and SVOC content

11.1 General

Calculate the VOC and SVOC content by the method specified in the referring specification. If no
particular method is specified, calculate the VOC and SVOC content by method 1, see 11.2.

Method 1 is the preferred calculation method as the precision is better since it does not involve the
determination of density (which introduces the potential for additional errors).

© IS0 2020 - All rights reserved 17
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11.2 Method 1 — VOC content and/or SVOC content, as a percentage by mass, of the
product “ready for use”

Apply Formula (6) to VOC determination and Formula (7) to SVOC determination.

I=n
VoG, = i,voC (6)
i=1

where

VOCy{ Tsthe VOC content, as a percentage by mass, of the product "ready for use”;

fivoc is the weight fraction of compound i in % of the test sample (see 10.2).

i=n

SVOCyy =2fi,svoc (7)
i=1

where

SVOCy}, isthe SVOC content, as a percentage by mass, of the product®ready for use”;

fisvoc| isthe weight fraction of compound i in % of the test sample (see 10.2).

11.3 Method 2 — VOC content and/or SVOC content, in grams per litre, of the product
“ready for use”

Apply Forrhula (8) to VOC determination and Formula (9)to SVOC determination.

i=n
VOCy1o[= Y fi voc XPsx10 (8)
i=1

where

VOCy ] is the VOC content, in granis per litre, of the product “ready for use”;

fivoc| 1s the weight fractien.of compound i in % of the test sample (see 10.2);
Ps is the densityyin\grams per millilitre, of the test sample at 23 °C (see 8.6);
10 is a conversion factor to convert grams per millilitre in grams per litre.
i=n
SVOCyh = Dftsyoc X Ps x10 9
i=1
where

SVOCy;, isthe SVOC content, in grams per litre, of the product “ready for use”;

fisvoc  is the weight fraction of compound 7 in % of the test sample (see 10.2);
Ps is the density, in grams per millilitre, of the test sample at 23 °C (see 8.6);
10 is a conversion factor to convert grams per millilitre in grams per litre.
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11.4 Method 3 — VOC content and/or SVOC content, in grams per litre, of the product
“ready for use” less water

Apply Formula (10) to VOC content determination.

2 _1f voC

VOCM3']W 7 P, x1000 (10)
100-p, X
w
where

VOCyj3), 1sthe VOC content, in grams per litre, of the product “ready for use” less'water;

fi voc is the weight fraction of compound i in % of the test sample (see 16.2);

f is the weight fraction of water in % of the test sample (see 8.7);

Ps is the density, in grams per millilitre, of the test sample at 23° C (see 8.6);
Pw is the density, in grams per millilitre, of water at 23 °€ (= 0,997 537 g/ml);
1000 is a conversion factor to convert grams per millilitre in grams per litre.

Apgly Formula (11) to SVOC content determination.

2 f ,SVOC
SVOCy3 1y =| =2 K x1 000 (11)

100—p, xN
Pyw
whére

SVOCy3 1, is the SVOC content; in'grams per litre, of the product “ready for use” less watpr;

fisvoc s the weight ftagtion of compound i in % of the test sample (see 10.2);

f is the weight fraction of water in % of the test sample (see 8.7);

Ps is thé-density, in grams per millilitre, of the test sample at 23° C (see 8.6);
Pw is‘the density, in grams per millilitre, of water at 23 °C (= 0,997 537 g/ml);
1000 is a conversion factor to convert grams per millilitre in grams per litre.

11.5"Method 4 — VOC content and/or SVOC content, in grams per litre, of the prpduct
“ready for use” less water and less exempt compounds

This is only required if national legislation applies.

Apply Formula (12) to VOC content determination and Formula (13) to SVOC content determination.

Z f ,voc
VOCy14 e = =1 px1 000 (12)

100-p, ><£l—pS xz eci= Jeci

eci=1
w p eci
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where

VOCpy4, 1we is the VOC content, in grams per litre, of the product “ready for use” less water and less
exempt compounds;

fi voc is the weight fraction of compound i in % of the test sample (see 10.2);

foci is the weight fraction of exempt compound 7 in % of the test sample (see 10.2);
fw is the weight fraction of water in % of the test sample (see 8.7);
Ps is the density, in grams per millilitre, of the test sample at 23 °C (see 8.6);
Pw is the density, in grams per millilitre, of water at 23 °C (= 0,997 537 g/ml);
Peci is the density, in grams per millilitre, of exempt compound i;
1000 is a conversion factor to convert grams per millilitre in grams p€r litre.
i=n
SVOCuly e = %v rfisvoc o P00 13)
100-p, ><E—pS XZeci:lE
where

SVOCy 1we is the SVOC content, in grams per litre, ofthe product “ready for use” less water and
less exempt compounds;

fi,svoc is the weight fraction of compound i in % of the test sample (see 10.2);
Seci is the weight fraction of exempt compound i in % of the test sample (see 10.2);
fw is the weight fractionefivater in % of the test sample (see 8.7);

Ps is the density, in grams per millilitre, of the test sample at 23 °C (see 8.6);

Pw is the density, in grams per millilitre, of water at 23 °C (= 0,997 537 g/ml);
Peci is the density, in grams per millilitre, of exempt compound i;

1000 is &conversion factor to convert grams per millilitre in grams per litre.

12 Data pvaluation and calculation of final results

If two results from duplicate determination differ by more than the repeatability limit r from each
other, repeat the procedure.

Calculate the mean of two valid results (replicates). For values greater than 1 % by mass, report to the
nearest 0,1 %; for values less than or equal to 1 % by mass and larger than or equal to 0,1 % by mass,
report the result to the nearest 0,01 %. For values < 0,1 % by mass report to the nearest 0,005 % by mass.
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Precision

1 General

The precision of the test method was determined by interlaboratory testing in accordance with

ISO

13.

5725-1 and ISO 5725-2. Two different materials were tested by 11 laboratories.

2 Repeatability limit, r

The repeatability limit, r, is the value below which the absolute difference between two single test

restilts, each the mean of duplicates, obtained on identical material by one operator in one

wit

Thd
per
twa

NOTI
pre

13.

Thd
eac
be ¢

Thd
is1

NO1
the

14
Thd

hin a short interval of time, may be expected to be for a probability of 95 %.

repeatability limit, r, for the determination of VOC content and SVOC content is 12
Centage), as derived from a sixfold repetitive determination of the VOC contentand SVO(
coating matrices (see Annex D).

ision data of the method.

3 Reproducibility limit, R

reproducibility limit, R, is the value below which the absolute difference between two t
h the mean of duplicates, obtained on identical material by operators in different labora
xpected to be for a probability of 95 %.

reproducibility limit, R, for this test method, forthe determination of VOC content and SV
B % (relative percentage), as derived from rousnid robin test results (see Annex D).

E The highest value of the reproducibility limit, R, determined in the round robin test is us
precision data of the method.

Test report
test report shall contain atleast the following information:

areference to this document, i.e. ISO 11890-2:2020;

all details necessary for complete identification of the product tested (manufacturer, t
batch number;etel);

required information according to Clause 5;

the résults of the test for VOC and SVOC content, as indicated in Clause 10, and the
calculation used (11.2, 11.3,11.4 or 11.5);

laboratory

o (relative
content in

E The highest value of the repeatability limit, r, determined in the round robin test is used to define the

st results,
fories, may

OC content

ed to define

Fade name,

method of

f)
g)
h)
i)
)

Values of Tepeatabiiity or reproducibtiity If Tequired by The ciient or a conformity €
performed;

any additional information according to Clause 5 as agreed by the parties;
extraction solvent used;

any deviation from the test method specified;

the date of the test;

method of quantification used (CSRF or surrogate standard or combination of both).
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Annex A
(normative)

Non-exhaustive list of VOC, SVOC and NVOC compounds
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Annex B
(informative)

Information on thermal unstable products

B.1 Occurrenceofthermal degradation of matrices by the analytical methods

gradation
from Clapse 8

The purpose of this annex is to provide information and guidance.

Tests with different classes of polymer dispersions have shown that, when usingythe prescribed

injection t¢mperature of 250 °C, unexpected peaks can occur in the chromatogranis, When therm
unstable products or substances are present in the tested material. Examplesrof ‘thermal unst
polymers gdnd components are:

a) polyurethanes, which thermally degrade from temperatures as low as150 °C;
b) poly-a¢rylates/ poly-methacrylates, which thermally degrade at temperatures around 200 °C;

c) poly-dimethylsiloxanes;

d) emulsifiers, e.g. sodium dodecyl sulfate which splits off dedecanol.

When anaflysing these kinds of polymers, be aware that degradation signals can occur in
chromatogram. This can be checked by looking for chainges in the chromatogram when injecting
sample at [various injector temperatures. Identified~degradation peaks shall not be included in
calculation of the VOC and/or SVOC content.

The examples B.2 to B.5 show the influence of the injector temperature on the formatior
decomposition products. As a general “rule, the higher the injection temperature, the
decomposition products are formed.

B.2 Example 1 — Polyurethane dispersion

The polyurethane dispersion~in this example contains no free isocyanates (NCO). From Figure
it can be seen that with‘nincreased temperature NCO signals appear in the chromatogram. So
presence df NCO signals in the chromatogram of a polyurethane dispersion, injected at 250 °C,
strong indication that'thermal degradation occurred.

ally
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Figure B.1 — Overlay chromatogram-of a poly urethane dispersion injected 4
160 °C (black) and 250 °C (pink)

Chijomatographic conditions used in@example 1

Injgctor temperatures used: 160 and 250 °C

Splitt ratio: 1:50

Injection volume: 1,0 pul, automatic injection
Ovgn temperature-pregramme: initial temperature: 40 °C

isothermal holding time: 1 min

heating rate: 15 °C/min

final temperature: 300 °C

isothermal holding time: 12 min
Detector temperature: 320°C
Carrier gas: Helium

column inlet pressure: 222,4 kPa

linear flow rate through column: 38,7 cm/s
Column: length: 60 m

(HP-5 MS UI) internal diameter: 0,25 mm
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B.3 Example 2 — Poly-methacrylate

The backbone of the poly-methacrylate in this example contained among others butyl methacrylate
(BMA). From Figure B.2, it can be seen that the intensity of the BMA signal increased with an increased
injection temperature, which is caused by degradation of the backbone of the polymer.

Y

1,75

1,5

1,25

0,75

0,5

0,25

-1

=
TTT T[T T T T[T T T T[T T T T[T T T T[T I T T TT T [TTTT

)}

Key

X  retenti¢n time in minutes
Y signal ih millivolt

1 BMA

Chromatopraphic conditions used in example 2

Injector temperatures used: 170 and 250 °C

Split ratio: 1:50

Injection vplume: 1,0 ul, automatic injection
Oven tempgrature pregramme: initial temperature: 40 °C

6,5 7 7,5 8 8,5 9 95 10 105 11 115 12 125 |X

Figure B.2 — Overlay chromatogram of a poly-methacrylate injected at
175 °C (black) and 250 °C (pink)

isothermal holding time: 1 min

heating rate: 15 °C/min

final temperature: 300 °C

isothermal holding time: 12 min

Detector temperature: 320°C

Carrier gas:

30

Helium
column inlet pressure: 222,4 kPa

linear flow rate through column: 38,7 cm/s

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=cf5be49df2a09c49f6a700256e77fb0b

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principle
	5 Required information
	6 Apparatus
	7 Reagents
	8 Procedure
	8.1 Sampling
	8.2 Analysis
	8.2.1 Sample preparation
	8.2.2 Data acquisition for sample measurement
	8.3 Calibration
	8.3.1 General
	8.3.2 Preparation of calibration solutions
	8.3.3 Analysis of the multi-point calibration
	8.4 Quality assurance
	8.5 Gas chromatographic conditions
	8.6 Density
	8.7 Water content
	9 Data analysis
	9.1 Integration and identification of compounds
	9.2 Classification of compounds
	10 Quantitative determination of compound content
	10.1 General
	10.2 Quantitative determination of compound content
	10.2.1 Quantification with respect to CSRF
	10.2.2 Quantification with respect to surrogate standard
	11 Calculation of VOC and SVOC content
	11.1 General
	11.2 Method 1 — VOC content and/or SVOC content, as a percentage by mass, of the product “ready for use”
	11.3 Method 2 — VOC content and/or SVOC content, in grams per litre, of the product “ready for use”
	11.4 Method 3 — VOC content and/or SVOC content, in grams per litre, of the product “ready for use” less water
	11.5 Method 4 — VOC content and/or SVOC content, in grams per litre, of the product “ready for use” less water and less exempt compounds 
	12 Data evaluation and calculation of final results
	13 Precision
	13.1 General
	13.2 Repeatability limit, r 
	13.3 Reproducibility limit, R 
	14 Test report
	Annex A (normative)  Non-exhaustive list of VOC, SVOC and NVOC compounds
	Annex B (informative)  Information on thermal unstable products
	Annex C (informative)  Examples for GC method conditions
	Annex D (informative)  Results of the round robin test for the determination of precision data
	Bibliography

