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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
Internationg

Internationg
The main {
adopted by

Internationg

Attention is
rights. ISO

ISO 16000
ISO 16000
Part 1:
Part 2:
Part 3:
Part 4:

Part 6:
Tenax

The followin
Part 5:
Part 7:

Part 8:

mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
sk of technical committees is to prepare International Standards. Draft Interdational Stand
the technical committees are circulated to the member bodies for voting--Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

consists of the following parts, under the general title Indoor air:

General aspects of sampling strategy

Sampling strategy for formaldehyde

Determination of formaldeyhde and other‘carbonyl compounds — Active sampling method
Determination of formaldehyde — Diffusive sampling method

Determination of volatile organic compounds in indoor and test chamber air by active samplin
TA® sorbent, thermal desefption and gas chromatography using MS/FID

g parts are under preparation:
Measurement strategy for volatile organic compounds (VOCs)
Samplingrstrategy for determination of airborne asbestos fibre concentrations

Ventilation rate measurement

6 was prepared by Technical Committee ISO/TC 146, Air quality) Subcommittee SC 6, Indoor i

the

ards
an

tent

h on

Part 9:

and preparation of test specimens

5 L L . S —Fmissi - |

Part 10: Determination of the emission of volatile organic compounds — Emission test cell method

Part 11: Determination of the emission of volatile organic compounds — Sampling, storage of samples
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Introduction

ISO 16000-1 describes general requirements relating to the measurement of indoor air pollutants and the
important conditions to be observed before or during the sampling of individual pollutants or groups of
pollutants. Aspects of the determination (sampling and analysis) and the sampling strategy of specific
pollutants or groups of pollutants are described in the subsequent parts of ISO 16000 (see Foreword).

ISO[16000-5, dealing with the sampling strategy for VOCs in indoor air, is in preparation. It is~al
ISO[16000-1 and the analytical procedures described in this part of ISO 16000.

Furfhermore, the two International Standards ISO 16017-1 on pumped sampling and ISO16017-2
sampling focus on VOC measurements.

nk between

on diffusive
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Indoor air —

Pa

Determination of volatile organic compound

ch

degsorption and gas chromatography using MS/FID

1

Thig

air gnd in air sampled for the determination of the emission of VOGs from building materialg
chabers and cells. The method is based on use of Tenax TA®1) sotbent with subsequent therma

and
The)
sub
this
ana

2

The)

references, only the edition cited applies. For undated references, the latest edition of the
docpment (including any amendments) applies.

ISO

ISO
sorf

EN
Par

EN
Par

rt 6:
®

Scope

part of ISO 16000 specifies a method for determination of volatile organic compounds (VOQ

gas chromatographic analysis!!l.

method is applicable to the measurement of non-polar and-slightly polar VOCs in a concentrat

s in indoor and test

ermal

s) in indoor
using test
| desorption

on range of

microgram per cubic metre to up to several milligrams per cubic metre. Using the principles described in

method, some very volatile compounds (VVOC) andsemivolatile organic compounds (SVOC)
ysed.

Normative references

following referenced documents™are indispensable for the application of this document

16000-1:—2) , Indoor air=! Part 1: General aspects of sampling strategy

16017-1, Indoor, .ambient and workplace air — Sampling and analysis of volatile organic cor
ent tube/thermakhdesorption/capillary gas chromatography — Part 1: Pumped sampling

13419-1:1999, Building products — Determination of the emission of volatile organic cor
1: Emission test chamber method

13419-2:1999, Building products — Determination of the emission of volatile organic cor

can also be

For dated

referenced

npounds by

npounds —

npounds —

2=Emission test cell method

1) Tenax TA® is the trade name of a product manufactured by Supelco, Inc. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of the product named.

Equi

valent products may be used if they can be shown to lead to the same results.

2) To be published.
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3 Terms and definitions

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

3.1

semi-volatile organic compound

SvoC

organic compound whose boiling point is in the range from (240 °C to 260 °C) to (380 °C to 400 °C)

NOTE 1

This classification has been defined by the World Health Organization.

NOTE 2
they boil at
used for cla

3.2

volatile organic compound

voC
organic co

NOTE 1 1
NOTE2 §
they boil at 4
used for cla
102 kPa.

3.3

very volatile organic compound

vvoC

organic compound whose boiling point is in the range from*< 0 °C to (50 °C to 100 °C)

NOTE 1 1
NOTE 2 H
they boil at a
used for clas]

3.4

total volati
TVOC

the sum of
and n-hexa
(TVOC-MS
toluene eqy

NOTE

oiling points of some compounds are difficult or impossible to determine because they decomposepbé
mospheric pressure. Vapour ?ressure is another criterion for classification of compound volatility that'yng
ification of organic chemicals 3l SVOCs have vapour pressures between 1072 kPa and 1078 kPa:

pound whose boiling point is in the range from (50 °C to 100 °C) to (240 °C to 260 °C)

[his classification has been defined by the World Health Organization.

bfore
y be

Boiling points of some compounds are difficult or impossible to determiine because they decompose bgfore

tmospheric pressure. Vapour pressure is another criterion for classifi€ation of compound volatility that mg
sification of organic chemicals[3l. VOCs generally have saturation’vapour pressures at 25 °C greater

'his classification has been defined by the Wiorld Health Organization.

oiling points of some compounds are_difficult or impossible to determine because they decompose bg
tmospheric pressure. Vapour ?ressure is another criterion for classification of compound volatility that mg
sification of organic chemicals[Bl\AYOCs typically have vapour pressures greater than 15 kPal3l.

e organic compounds

volatile organicccompounds, sampled on Tenax TA®, which elute between and including n-hex
Hecane, are detected with a flame ionization detector (TVOC-FID) or mass spectrometric detg
, and are-quantified by converting the total area of the chromatogram in that analytical windo
ivalents

Vhile\this part of ISO 16000 describes the determination of individual VOCs, it is common in practiq

y be
than

bfore
y be

ane
ctor
w to

e to

generate a s|

ngle concentration value to characterize the total amount of VOCs present in the air. This value is called

the

TVOC value (see 12.2 and Clause 14). It should be emphasized that the TVOC value so obtained depends on the
sampling and analytical methods used, and therefore should be interpreted taking into account the full description of these

methods.

4 Principle

A measured volume of sample air is collected from room air or from an emission test chamber (see
ENV 13419-1) or an emission test cell (see ENV 13419-2) by drawing through one (or more) sorbent tube
containing Tenax TA® sorbent. Volatile organic compounds are retained by the sorbent tube, and the
compounds are subsequently analysed in the laboratory. The collected VOCs are desorbed by heat and
transferred under inert carrier gas via cold trap/sorbent trap into a gas chromatograph equipped with a

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=e2b464ed24ce2f270a7916a172a4f641

ISO 16000-

6:2004(E)

capillary column or columns and a flame ionization detector and/or a mass spectrometric detector. The
principle is described in ISO 16017-1.

5
5.1
5.2

Th

Reagents and materials
Volatile organic compounds for calibration, of chromatographic quality.

Dilution solvent, for preparing calibration blend solution for liquid spiking.

ng with the

coni

NOT
anal

Intefnational Chemical Safety Cards (ICSCS).

5.3

Ten
qua
con
of th
for

ina
of th

5.4

Pre
proq
stan
est3
or i
con

5.5

Pre
the

bregkthrough volunie\of the analyte-sorbent combination. After loading, disconnect and seal the tu

fres|
100

5.6

pound(s) of interest (5.1).

E It is in most cases beneficial to use dilution solvent that is considerably more volatile than the
ysed. Methanol most commonly fulfills this criteria. Health and safety data for organic compounds is

Tenax TA®, particle size 0,18 mm to 0,25 mm (60 mesh to 80 mesh).

ax TA® is a porous polymer based on 2,6-diphenylene oxide. Manufactured Tenax TA
ntities of impurities, which shall be removed before using it for VOC sampling. Perform cleaning
Hitioning the Tenax TA® under a flow of pure carrier gas. Select cleaning conditions so that no
e polymer occurs, e.g. at temperature of 330 °C for at least 18-husing a carrier gas flowrate of
packed sampling tubes. Pack precleaned Tenax TA® into sampling tubes that are tightly seald
closed, emission-free container. Check the success of the.cleaning procedure by performing
e cleaned sorbent.

Standard atmospheres.

pare standard atmospheres of known concentrations of the compound(s) of interest by a
edure. Methods described in 1SO 6141 cand the appropriate part of 1ISO 6145 are suitab

dard atmospheres equivalent to 100 pg/m3. If the procedure is not applied under conditions th
blishment of full traceability of the generated concentrations to primary standards of mass ang

the chemical inertness of the generation system cannot be guaranteed, the concentratio
irmed using an independent procedure.

Standard sorbent tubes;-loaded by spiking from standard atmospheres (5.4).

pare loaded sorbenttubes by passing an accurately known volume of the standard atmosph
sorbent tube, e.g."by means of a pump. The volume of atmosphere sampled shall not

h standards with each batch of samples. For indoor air and test chamber air, load sorbent tub
ml, 200 mk,'400 ml, 11,21, 4 1 or 10 | of the 100 pg/m?3 standard atmosphere selected.

Calibration blend solutions for liquid spiking.

VOCs to be
given in e.g.

® contains
by thermal
Hegradation
100 ml/min
d and store
an analysis

recognized
le. Prepare
at allow the
/or volume,
ns shall be

ere through
exceed the
be. Prepare
es with e.g.

The

£ ool n—bland-—caldiaona A—b-a-4

tH ranarad—1 %
amoTatoTT OTCTTIO SUTOTUTTS  proparct—irT oToT T

=~

and P L=V
T tITicS O

.5 shall be

P 729~ H W) oo 1
STAUTty— artd oarc— otoray LI v OO~

determined. Fresh standard solutions shall be prepared accordingly or if evidence is noted of deterioration, e.g.
reactions between alcohols and ketones.

5.6.1

Solution containing approximately 10 mg/ml of each liquid component.

Introduce 50 ml of dilution solvent into a 100 ml volumetric flask. Accurately weigh approximately 1 g of
substance or substances of interest into a 100 ml volumetric flask, starting with the least volatile substance.
Make up to 100 ml with dilution solvent, stopper and shake to mix.

© 1SO 2004 - All rights reserved
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5.6.2 Sol

ution containing approximately 1 000 ug/ml of each liquid component.

Introduce 50 ml of dilution solvent into a 100 ml volumetric flask. Add 10 ml of solution 5.6.1. Make up to

100 ml with

5.6.3 Sol

dilution solvent, stopper and shake to mix.

ution containing approximately 100 pg/ml of each liquid component.

Introduce 50 ml of dilution solvent into a 100 ml volumetric flask. Add 10 ml of solution 5.6.2. Make up to

100 ml with

5.6.4 Sol

dilution solvent, stopper and shake to mix.

ution containing approximately 10 ug/ml of each liquid component.

Introduce

100 ml with|dilution solvent, stopper and shake to mix.

5.6.5 So

Introduce 5
100 ml with
5.7 Stan
Standard s
follows. A s
purge gas

through the
each batch

Introducing

standard infroduction, as components reach the sorbent bed in the vapor phase. Alternatively, liquid stand

may be intr

NOTE (
solutions are

5.8 Com

Certified, p
quality cont

5.9 Inert

The purity g

NOTE T

ml of dilution solvent into a 100 ml volumetric flask. Add 10 ml of solution 5.6.3. Makée)'u

ution containing approximately 1 pg/ml of each liquid component.

0 ml of dilution solvent into a 100 ml volumetric flask. Add 10 ml of solutiof)5.6.4. Make u
dilution solvent, stopper and shake to mix.

Hard sorbent tubes, loaded by spiking.

brbent tubes are prepared by injecting aliquots of standard solutions onto clean sorbent tube
orbent tube is fitted to the injection unit of the gas chromategraph (GC) (6.10) through which
s passed at 100 ml/min, and a 1 ul to 5 pl aliquot of an appropriate standard solution is inje
septum. After 5 min, the tube is then disconnected and«sealed. Prepare fresh standard tubes
of samples.

liquid standards onto sorbent tubes via a GC injector is considered the optimum approach to li

pduced directly onto the sorbent bed using a syringe (6.3).

Calibration mixtures should be prepared.in controlled environmental temperature conditions. Before use
tempered accordingly.

mercial, preloaded standard.tubes.

eloaded commercial standard tubes are available. They can be used for establishing analy
rol and for routine calibration.

carrier gas, e.g-He, Ar, N,.
f the carrier\gas should permit the detection of an injection of 0,5 ng of toluene.

he quality of the carrier gas is of great importance, as contaminants possibly contained in the gases

enriched in tTe cold'trap together with the substances to be analysed.

p to

p to

5 as
nert
cted
with

uid
ards

the

tical

are

6 Apparatus

Ordinary laboratory apparatus and the following.

6.1

with metal screw caps and polytetrafluoroethene (PTFE) ferrules.

Sorbent tubes, of stainless steel or glass, containing at least 200 mg of Tenax TA® sorbent (5.3),

Tubes with outside diameter of 6 mm, inside diameter of 5 mm, and of length 90 mm fulfil the requirement and
are used in many commercial thermal desorbers. Use deactivated glass wool or other suitable mechanism,
e.g. stainless steel frit, to retain the sorbent in the tube.

© ISO 2004 — All rights reserved
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Precleaned sorbent tubes containing Tenax TA® are available commercially; or the sorbent tubes can be filled
in the laboratory as follows.

Weigh the appropriate amount of adsorbent, using no less than 200 mg of sorbent per tube to maintain the
sorption capacity. To pack the tube, insert a plug of deactivated glass wool or a stainless steel gauze into one
end of the tube. Transfer the adsorbent into the tube, assisted by suction if desired. Place an additional plug
or gauze after the sorbent to retain it in the tube.

NOTE A description of the determination of breakthrough volume is given in 1SO 16017-1:2000, Annex B.
Breakthrough volumes are proportional to the dimensions of the sampling tube and quantity of sorbent. As an approximate
measure, doubling the bed-length while tube diameter is kept constant doubles the SSV (safe sampling volume).

6.2| Sorbent tube unions.

For|[sampling, two sorbent tubes may be connected in series using metal screw-cap couplings| with PTFE
ferrliles.

6.3| Precision syringes, readable to at least 0,1 pl.

6.4| Sampling pump.

The| pump should fulfil the requirements of EN 1232 or ASTM D 3686.
6.5| Tubing.

PE [polyethene) or PTFE tubing of appropriate diameter is.used to ensure a leak-proof fit to both pump and
sam|ple tube. Sampling tubes shall not be used with plastic,tubing upstream of the sorbent. Interfefences from
the fubing can introduce contaminants.

6.6| Flow meter calibrator.

Bubble meter or other suitable device for gas™flow calibration.
6.7 | Gas chromatographic (GC) system, fitted with a flame ionization detector and/or mass spectrometric
detgctor capable of detecting an injection of at least 1 ng of toluene with a signal-to-noise ratiq of at least
5 to|1.

6.8| Capillary column.
A duitable GC capillary/column is selected for separation of analytes in the sample. Bonded 100 %
dimgthylpolysiloxane.€elumns of 30 m to 60 m, internal diameter 0,25 mm to 0,32 mm and phase thickness
0,2% ym to 0,33 ym are examples of columns proven to be suitable for indoor air and emission tgst chamber

air YOC analysis:

NOTE A-dimethylpolysiloxane column, e.g. an HP-13) column, does not separate d-3-carene from 2-ethyl-1-hexanol
with|certain' oven programmes, nor does it separate m- and p-xylenes.

6.9 Thermal desorption apparatus, for the two-stage thermal desorption of the sorbent tubes and transfer
of desorbed vapours via an inert gas flow into a GC.

A typical apparatus contains a mechanism for holding the tubes to be desorbed whilst they are heated and
purged simultaneously with inert carrier gas. The desorption temperature and time are adjustable, as is the
carrier gas flowrate. The apparatus may also incorporate additional features, such as automatic sample-tube
loading, leak testing, and a cold trap or other suitable device to concentrate the desorbed sample. The

3) HP-1 is the trade name of a product manufactured by Agilent, Inc. This information is given for the convenience of
users of this International Standard 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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desorbed sample, contained in the purge gas, is routed to the gas chromatograph and capillary column via a
heated transfer line.

6.10 Injection facility for preparing standards by liquid spiking (optional).

A conventional gas chromatographic injection unit may be used for preparing calibration standards. This can
be used in situ, or it can be mounted separately. The carrier gas line to the injector should be retained. The

back of the injection unit should be adapted if necessary to fit the sample tube. This can be done conveniently
by means of compression coupling with an O-ring seal.

7 Condjtioning and storage of sorbent tubes

7.1 Condglitioning
rrier
Lbe.
5, to
le if
k is
the

Prior to ea¢h sampling use, condition the precleaned sorbent tubes at 300 °C for 10 min_under inert ca
gas at a flowrate of 50 ml/min to 100 ml/min, to remove trace organic volatiles possiblyctrapped on the t
Analyse a representative number of conditioned tubes for blank value, using routine analytical parameter
ensure thaf the thermal desorption blank is sufficiently small. The sorbent tube blank level is acceptal
artifact pegks are no greater than 10 % of the typical areas of the analytes.of interest. If the blan
unacceptable, recondition the tubes by repeating the conditioning procedure. If-after repeated conditioning
blank is still unacceptable, the tubes shall be refilled (see procedure in 6.1).

7.2 Storage of conditioned sorbent tubes before sampling

Seal conditjoned sorbent tubes with metal screw-cap fittings with(RTFE ferrules and store in an emission-free
container af room temperature. Use conditioned sampling tubes ‘within four weeks. Recondition tubes stopred
for more than four weeks before sampling.

8 Calibration of pump

Calibrate the pump with the sorbent tube assembly in line, using an appropriate external calibrated meter.

9 Sampling

9.1 Indopr air sampling

Assemble the sampling line."If more than one tube is used in order to ensure that the breakthrough volume for
one tube and the analyte-of interest is not exceeded, prepare a tube assembly by joining the tubes in sdries
with a uniop (6.2). Attach the pump to the sorbent tube or tube assembly with PE or PTFE tubing. Star{ the
pump and note and record the sampling flowrate or register reading, note starting time, temperature and, if
necessary for.”calculation, also barometric pressure. An appropriate sampling flowrate is in the range of
50 ml/min tp 200 ml/min. At the end of the sampling period, note and record the flowrate or register reading,

turn the pump off, and note and record the time, temperature and, if necessary, barometric pressure.
Disconnect the sampling tube from the sampling line and seal both ends using screw-cap fittings with PTFE
ferrules.

If sampling flowrate is determined using an integrated flow-measuring device, e.g. a mass flow meter, connect
the sampling tube to the sampling line, start the pump, note and record the time and flowrate or register
reading. Note and record temperature and, if necessary, barometric pressure. An appropriate sampling
flowrate is in the range of 50 ml/min to 200 ml/min. At the end of the sampling period, note and record the
flowrate or register reading, turn off the pump, note and register the time the pump was turned off. Disconnect
the sampling tube from the sampling line and seal both ends using screw-cap fittings with PTFE ferrules.
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Sampling from indoor air shall be performed taking into account the general aspects of sampling strategy as
described in ISO 16000-1.

Sampling flowrates lower than 50 ml/min may be used if the operator finds it necessary, e.g. to enable longer
sampling times.

9.2

Test chamber air sampling

Assemble the sampling line. If the sampling flowrate is determined with a calibrator, start the pump, note and
record the sampling flowrate. Appropriate sampling flowrate is in the range of 50 ml/min to 200 ml/min. When

sampling—from-—an-emission—chamber—the sampling-flow -shall not exceed 80 % of the air floy
Ll ~ 7 Lud ~J

rate of the

cha
cha
barg
san
the
with

If sampling flowrate is determined by using an integrated flow-measuring (device, e.g. a mass

con

mber. Connect the sampling tube to the test chamber outlet or other sampling port of thele
mber, note and record the time the tube was connected. Note and record temperaturecand i
metric pressure. At the end of the sampling period disconnect the sampling tube'from th
pling port, note and record the time of disconnection, repeat the sampling flow determination,
pump. Disconnect the sampling tube from the sampling line and seal both ends.using screw
PTFE ferrules.

hect the sampling tube to the sampling line and further to the chamberésampling port, start the

and
bar
of t
the
usir

9.3

Saf¢ sampling volumes (ssv), i.e. the amount of gas that can be sampled without breakthrough o

listg
air i
type
recq

record the time and flowrate or register reading. Note and record temperature and, if
metric pressure. An appropriate sampling flowrate is in the range ‘of 50 ml/min to 200 ml/min
e sampling period, note and record the flowrate or register reading, turn off the pump, note
time the pump was turned off. Disconnect the sampling tube from the sampling line and seg
g screw cap fittings with PTFE ferrules.

Sampling volumes

d in Annex B. In general, the suitable sampling volumes when sampling VOCs from non-indu
5 1 1to 5 | for sampling tubes with 200 mg.of Tenax TA®. In material emission measurements,
and age, loading factor and air exchange rate in the chamber determine suitable sampling vqg
mmended sampling volume, in general, is < 5 1.

mission test
f necessary
e chamber
and turn off
cap fittings

flow meter,
pump, note
necessary,
At the end
hnd register
| both ends

VOCs, are
strial indoor

the material
lumes. The

Sampling volume has to be adjusted to the expected concentrations. When sampling unknown comcentrations,

it is|recommended to take at least three parallel samples with different sampling volumes. If the analytical
resylt is not dependent on the_.sampling volume, no breakthrough of the analytes has occurred.

9.4| Storage of loaded samples

Loapded sampling/tubes shall be tightly sealed and stored in an emission-free container at anmpbient room
temperature. Fhe effect of storage on loaded VOC from indoor or chamber air is not known, althqugh certain
expgriences(see Annex C) suggest that they may be stable over several months at room tempgerature. To
avo|d poSsible changes, the samples should be analysed as soon as possible and preferably| within four
wegks-after collection.

9.5 Field blanks

Field blanks shall be Tenax TA® sampling tubes identical to those used for VOC sampling. These tubes are
subjected to the same handling procedure in the field as the sample tubes, except for the actual period of
sampling. Field blanks shall be marked, stored and analysed in sequence with the actual samples. In a
measurement campaign, about 10 % of the samples analysed shall be field blanks. If only a few
measurements are performed, at least one field blank shall be prepared and analysed.
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10 Analysis

10.1 General

For analysis, VOCs are thermally desorbed from the sampling tubes. Separate the individual VOCs using
capillary columns in a gas chromatograph and detect with a flame ionization detector (FID) and mass
spectrometric detector (MS) or with MS only. MS can be used for both identification and quantification of
compounds, while FID signals alone are used only for compound quantification.

When a flame ionization detector and a mass spectrometric detector are used together for the analysis, the
detectors caneitherbe-fitted-to-the-same—gas-—chromatograph-or-to-different gas—chromatographs—n-thetatter
case, ident|cal sample injection and separation parameters shall be used in both instruments to produce
comparablg chromatograms.

When the quantification is made using FID, calibration standard mixtures of different concentrations or at lpast
a single level calibrant shall be analysed with each set of samples as a check on system performance.

When using MS for quantification, calibration standard mixtures of at least three — or better, five or seven —
different conpcentrations shall be analysed with each set of samples to update the calibration.

Internal stapdards, e.g. isotopically labelled compounds, may be used to controkthe performance of sampling
and analysip.

10.2 Thermal desorption

Select desqrption time and desorption gas flowrate so that the desorption efficiency for octadecane is bétter
than 95 %. Determination of desorption efficiency is describedin 1ISO 16017-1.

Typical dedorption conditions for VOC analysis using a.secondary cold trap and sampling tube contaihing
200 mg to 450 mg Tenax TA® are

Desorption temperature 260 °C to 280 °C
Desorption time 5 min to 15 min
Desorption gas flowrate 30 ml/min to 50 ml/min

Cold-trap high temperature 280)°C

Cold-trap lgw temperature -30°C
Cold-trap s¢rbent Tenax TA®
Transfer-ling temperature 220 °C

Spht ratios Qplif ratios between the egmpln tube _and ennr\nﬂgry frgp and bhetween the car\nndgr.\’l fr'gp and

analytical column (if applicable) should be selected dependent on expected atmospheric
concentration. (See guidance from respective manufacturers of the thermal desorption
apparatus.)

NOTE The more volatile VVOCs can break through the cold trap under these conditions and will not be quantitatively
determined by the analysis.

10.3 Temperature programme

Temperature programming of the analytical column is needed when analysing mixtures of substances
showing large differences in boiling points and polarities in order to achieve a good resolution in minimal time.
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Analyse VOC samples preferably within four weeks from sampling. Analyse field blanks and appropriate
standards in sequence with the samples. Identify VOCs with MS and quantify them from the FID or MS
chromatogram.

11

Identification of single VOCs

For identification of single, non-target VOCs, analyse the samples with MS operating in the scan mode.
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tify-singleMOGCs—detected-in-the-sample—using—the—mass—spestrometer—toetalton—chromatogr
htion time of the compound. Compare the total ion chromatogram with either the mass spe
pounds or commercially available compilations (libraries) of mass spectra. User-generated i
be used. Correspondence of retention time with a retention time of a compound used'for cali
le column should not exclusively be regarded as proof of identity.

tify as many compounds as possible, particularly those representing the 10 _highest peaks
ent at concentrations above 2 ug/m3. A list of VOCs which, according. to current expe
uently encountered in indoor air and emitted from materials is given in"Annex A. A satisfac

tification has been achieved if the area of identified VOCs when summed correspond to two-
area of all the peaks in the chromatogram eluting between and including Cg to Cyg.

SIM (Selected lon Monitoring) mode of MS operation may also be used. The choice is left to t
must be aware of the differences between SIM and scan modes.

Concentration of analytes in the sampled-air

| General
tified compounds are quantified using.their individual response factors when the reference ¢

lable. In other cases, quantification.lis reported as a toluene equivalent. Unidentified com
htified using the toluene response factor.

P Volatile organic compounds (VOCs)

npound-specific respanse factors and the linearity of FID and MS for compounds of
rmined by calibrating’the analytical system with standard solutions (5.5, 5.6.2, 5.6.3, 5.6.4, 5

even different,'eoncentrations). The lowest concentration used for calibration shall be at o

ctra of pure
braries may
bration on a

and those
rience, are
ory level of
hirds of the

he operator,

bmpound is
pounds are

nterest are
6.5 or 5.9).

bare a calibration‘eurve using at least three different concentrations over the linear range (better using five

r below the

d. For each

peak_areas of a single VOC chromatogram are proportional to the mass of compound injecte
pound, the relationship between the mass of analyte injected and the corresponding p

ak area is

rinined. The slope of the calibration curve over the linear range is the response factor of the VOC studied:

Asgt = bgymgt +cst

where
Agy is the analyte peak area in the chromatogram of the standard, in area units;
bst is the slope of the calibration curve;

mgt is the mass of analyte in the standard, in nanograms;
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considered zero.

is the intersect of ordinates and calibration curve. If the calibration curve crosses the origin, bg; is

The mass of analyte present in the sample is calculated from the detector peak area using the response factor
of the analyte:

A=y e @
where

mp 19 the mass of analyte in the sample, in nanograms;

Ap i the peak area of analyte in the chromatogram of the sample, in area units;

bt i the slope of the calibration curve;

cp i$ the intersect of ordinates and the calibration curve. If the calibration curve crosses the origin,| c o

i$ considered zero.

The mass |concentration of identified VOCs in the sampled air is calcylated by means of the folloying
equation:

pa =TATAD (3)

V

where

pa is the mass concentration of analyte in the air'sampled, in micrograms per cubic metre;

mp  is the mass of analyte present in the sampling tube, in nanograms;

mpg ip the mass of analyte present in the blank tube, in nanograms;

vV is the sampling volume, inllitres.
If necessary, the concentrations-are adjusted to 20 °C and 101,3 kPa:

PA101B;293 = PA 113 Pa (14 273K) (4)

S 293 K

where

p is the—actaal-pressure-of-the-airsampled—nkilopasesats:

t

is the actual temperature of the air sampled, in degrees Celsius.

Unidentified compounds in the sample are quantified using the calibration response factor for toluene

12.3 Tota

The TVOC

10

| volatile organic compounds (TVOCs)

concentration is determined as follows.
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Consider the entire area of the chromatogram between n-hexane and n-hexadecane. Using the toluene
response factor, convert the area into mass units of toluene. Using Equation (3), calculate the TVOC mass
concentration in the sampled air.

The parameters of a “Standard Spectra Tune”, or equivalent MS parameters, shall be set when using MS for

this

purpose. Otherwise, the use of an FID is preferred.

NOTE 1 These recommendations are given to improve the comparability of TVOC results.

NOTE2 TVOC determined in toluene equivalents is semiquantitative, since individual compounds in the
have response factors varying widely from the toluene response factor.

mixture may

12.11 VVOC and SVOC compounds observed outside the TVOC range

To ¢btain information on additional organic compounds present in indoor air or emitted ffom prody
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Sampling:

Sampling integrity:

Des

mber air, it is appropriate not only to determine VOC but also to have some information on
DC, i.e. organic compounds eluted before Cg and after C,4. For this, the total area’of compoun
ide the Cg to C44 range is converted into toluene equivalents in accordange(with Equations

Lld be identified to the extent possible, and the summed concentrations-reported for VVOC
quality of the results so obtained will be lower than that of the VOC analysis, because the sa
ytical procedures used may not be fully appropriate for VVOC and SYOC determination.

E For quantitative determination of VOCs outside the TVOC range, alternative sorbents and analytiq
be used (see ISO 16017-1).

Performance characteristics

bre this method is used, its performance characteristics should be determined in accordan
He to the Expression of Uncertainty in Measurement (GUM) ['4]. This determination should in
mum, the estimation of uncertainty components from the following sources:

Flow

Time

Temperature
Pressure

Sampling efficiency

Measure and stability
Blank: stability

orption €efficiency

cts into test
VVOC and
ds detected
(2) and (3),

g the toluene response factor. Individual compounds eluting before and. after hexane and hexadecane

and SVOC.
mpling and

al conditions

ce with the
clude, as a

Cali

bration:

Ana

Env

Standards
Lack-of-fit of calibration function

lysis:
Repeatability
Blank level

ironmental influences:
Temperature at sampling
Humidity at sampling
Interferents

Field repeatability
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Chamber techniques:

Air change
Test specimen preparation

The accuracy and repeatability of the measuring method are important factors, which shall be determined in
order to evaluate the results and the suitability of the method for the intended purposes. The accuracy of the
VOC measurement method can be determined if atmospheres of known level (micrograms per cubic metre)
can be reliably produced. This is relatively difficult and therefore most researchers only determine the
repeatability of their measuring method by repeated sampling from a constant atmosphere.

In a study of chlorinated butadienes in indoor air, the uncertainty of the measurement results was assessed
based on the principles of the GUM. The combined relative uncertainty for the measurement of hexa-

chlorobuta
(at the 95 9

The repeat
reported[®].
was 12 %.

NOTE In
among laboratories undertaking tests to characterize the emission of VOCs from indoop-materials and products.
results of the

14 Test |
The test rej
a) purpos
b) descrig
c) time ar
d)

e) referen
f)  full des
g) full des
h) detecti

i)

sampling conditions (temperature, relativé humidity);

concer
princip

iene at the volume fraction level of 0,6 x 107 was * 12 % and the expanded relative uncerta
confidence level) was + 23 %4l

hbility of sampling of non-polar hydrocarbons from cylinder atmospheres containing-siX VOQ
For 2-litre samples, the repeatability for Tenax TA® was less than 10 %, and for Q,5xlitre sampl

se intercomparisons are published in reportsl®l: [7].

eport

ort shall contain at least the following information:
e of the measurements;

tion of the sampling location;

d date of the sampling;

ce to this International Standard,;
cription of the sampling.precedure;
cription of the analytical procedure;
bn limit of thetanalytical method;

trations_ofvidentified compounds, provided with CAS-numbers, including calculation and calibra
es used;

inty

s is
es it

material emission testing, interlaboratory comparisons have been organized-to assess the agreement

The

tion

uncerta

infy of the rnpnrfnd results

The results should be complemented by the following:

— TVOCgp or TVOCy,g mass concentration in toluene equivalents;

— mass concentration of total VVOCg p or VVOCyg and total SVOCgp or SVOCy,5 detected before Cgand
after C,g, in toluene equivalents.
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15 Quality control
An appropriate level of quality control shall be employed, including verification that
— field blanks are prepared according to 9.5,

— the sorbent tube blank level is acceptable if artifact peaks are no greater than 10 % of the typical areas of
the analytes of interest,

— desorption efficiency of VOCs can be controlled by using internal standards (see 1SO 16017-1). To

monitor-the-response-factors—a-standard-mixiure-of-selocted,—reprosentative-compounds—is-analysed in

sequence with the actual samples,

— |the collection efficiency can be controlled by using back-up tubes or taking samples_of differgnt sampling
volumes less than the safe sampling volume,

— |repeatability of the measuring method has been determined, e.g. using-collection and |analysis of
duplicate samples. A relative standard deviation of < 15 % should be reached,;

— |the recovery of Cg to C4¢ hydrocarbons is 95 %.
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Annex A
(informative)

Examples of compounds detected in indoor air
and from building products in test chambers

hla A

H

and emitted from building products in test chambersl[8l: [9]

Chemical compound CAS No. Boilirlipoint
Arpmatic hydrocarbons
1,4,3-Trimethylbenzene 526-73-8 176
1,4,4,5-Tetramethylbenzene 95-93-2 197
1,4,4-Trimethylbenzene 95-63-6 169
1,3,5-Trimethylbenzene 108-67-8 165
1,3-Diisopropyl benzene 99-62-7 203
1,4-Diisopropyl benzene 100-18-5 203
1-Nlethyl-2-propylbenzene 1074-17-5
1-Nlethyl-3-propylbenzene 107443-7 175
1-Rropenylbenzene 637-50-3 175
2-Bthyltoluene 611-14-3 165
3-Hthyltoluene/4-Ethyltoluene 620-14-4/622-96-8 162
2-Rhenyloctane 777-22-0 123
4-Rhenylcyclohexene 4994-16-5 2512
5-Bhenyldecane 4537-11-5
5-Bhenylundecane 4537-15-9
a-Methylstyrene 98-83-9 165
Bepzene 71-43-2 80
Ethylbenzene 100-41-4 136
Ettlylylbenzene/Ethynylbenzene 536-74-3 144
Isopropylbenzene 98-82-8 152
mip-Methylstyrene 100-80-1/622-97-9 168/169
mip-Xylene 108-38-3/106-42-3 139/138
Naphthalene 91-20-3 218
n-Butylbenzene 104-51-8 183
n-Propylbenzene 103-65-1 159
o-Methylstyrene 611-15-4 171
o-Xylene 95-47-6 144
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Table A.1 (continued)

Chemical compound CAS No. Boilir:gc;;point
Styrene 100-42-5 145
Toluene 108-88-3 111
Aliphatic hydrocarbons n-Cg to n-C4g
1-Decene 872-05-9 171
1-Octene 111-66-0 121
2,2,4,6,6-Pentamethylheptane 13475-82-6 178
2,4,6-Trimethyloctane 62016-37-9
2-Methylhexane 591-76-4 90
2-Methylnonane 871-83-0 167
2-Methyloctane 3221-61-2 143
2-Methylpentane 107-83-5 60P
3,5-Dimethyloctane 15869-93-9 159
3-Methylhexane 589-34-4 92
3-Methyloctane 2216-33:3 143
3-Methylpentane 96-14-0 63b
4-Methyldecane 2847-72-5 189
Isododecane 31807-55-3 216
n-Decane 124-18-5 174
n-Dodecane 112-40-3 216
n-Heptane 142-82-5 98
n-Hexadecane 544-76-3 287
n-Hexane 110-54-3 69
n-Nonane 111-84-2 151
n-Octane 111-65-9 125
n-Pentadecane 629-62-9 271
n-Tetradecane 629-59-4 254
n-Tridecane 629-50-5 235
n-Undecane 1120-21-4 196
Cycloalkanes
1,4-Dimethylcyclohexane 589-90-2 124
1-Methyl-4-methylethylcyclohexane 6069-98-3 /1678-82-6 167
(cisltrans)

Cyclohexane 110-82-7 81
Methylcyclohexane 108-87-2 101
Methylcyclopentane 96-37-7 72
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Chemical compound CAS No. Boilinoi point
Terpenes
SCaryophyllene 87-44-5 129
a-Pinene 80-56-8 156
B-Pinene 18172-67-3 164
3-Carene 13466-78-9 167
a-Gedrene 469-6T-4 262
Camphene 79-92-5 158
Linpjonene 138-86-3 176
Longifolene 475-20-7 254
Tufpentine 8006-64-2 150 to (1:80
Algohols
1-Butanol 71-36-3 118
1-Hexanol 111-27-3 158
1-Qctanol 111-87-5 194
1-Rentanol 71-41-0 137
1-Rropanol 71-23-8 97
2-Hthyl-1-hexanol 104-76%7 182
2-Nlethyl-1-propanol (isobutanol) 78=83-1 108
2-Nlethyl-2-propanol 75-65-0 82
2-Rropanol 67-63-0 82
BHT (2,6-di-tert-butyl-4-methylphenol) 128-37-0 265
Cyglohexanol 108-93-0 161
Phenol 108-95-2 182
2,2, 4-trimethyl-1,3-pentanediol 25265-77-4 244
isoputyrate
Glycols/Glycol ethers
1-Nlethoxy-2-propanel 107-98-2 118
2-Butoxyethanol 111-76-2 171
2-Butoxyethoxyethanol 112-34-5 231
2-Bthoxyethanol 110-80-5 136
2-Methoxyethanol 109-86-4 125
2-Phenoxyethanol 122-99-6 245
3-Phenyl-1-propanol 6180-61-6 235
2-(2-Butoxyethoxy)ethanol 112-34-5 230
Dimethoxyethane 110-71-4 85
Dimethoxymethane 109-87-5 420
Propylene glycol 57-55-6 189

16
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Chemical compound CAS No. Boilir:gc;;point
Aldehydes
2-Butenal 123-73-9 104
2-Decenal 2497-25-8
2-Ethylhexanal 123-05-7 163
2-Furancarboxaldehyde 98-01-1 162
Z-Heptenar (cI37trans) 572066-80- 17 T8829-55-5 9010 9T at 50 mmHg
2-Nonenal 2463-53-8 100 to 102 at 16 mmblg
2-Pentenal 1576-87-0 115 to 425
2-Undecenal 1337-83-3
Acetaldehyde 75-07-0 21b
Benzaldehyde 100-52-7 179
Butanal 123-72-8 76
Decanal 112-31-2 208
Heptanal 111-71-7 153
Hexanal 66-25<1 129
Nonanal 124-19-6 190
Octanal 124-13-0 171
Pentanal 110-62-3 103
Propanal 123-38-6 49°
Ketones
2-Butanone 78-93-3 80
2-Methylcyclohexanone 583-60-8 163
2-Methylcyclopentanone 1120-72-5 139
3-Methyl-2-butanone 563-80-4 95
4-methyl-2-pentanone 108-10-1 117
3,5,5-Trimethylcyclohex-2-enone 78-59-1 214
Acetong 67-64-1 56b
Acetophenone 98-86-2 202
Cyclohexanone 108-94-1 155
CSyelopentanone 4+26~92-3 436
Methyl ethyl ketone 78-93-3 80
Methyl isobutyl ketone 108-10-1 118
Halocarbons
1,1,1,2-Tetrachloroethane 630-20-6 130
1,1,2,2-Tetrachloroethane 79-34-5 146
1,1,1-Trichloroethane 71-55-6 74
1,1,2-Trichloroethane 79-00-5 114
1,2-Dichloroethane 107-06-2 84
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Chemical compound CAS No. Boilinoipoint
1,4-Dichlorobenzene 106-46-7 173
Carbon tetrachloride 56-23-5 76
Chlorobenzene 108-90-7 131
Dichloromethane 75-09-2 40P
Tetrachloroethene 127-18-4 121
Trighloroethene 79-07-6 87
Acjds
2,2-Dimethylpropanoic acid 75-98-9 164
Acetic acid 64-19-7 118
Butyric acid 107-92-6 163
Heptanoic acid 111-14-8 223
Hekadecanoic acid 57-10-3 350
Hekanoic acid 142-62-1 202
Isoputyric acid 79-31-2 153
Octanoic acid 124-07-2 240
Peptanoic acid 109-52-4 186
Prgpanoic acid 79-094 141
Esters
2-Bthoxyethyl acetate 111-15-9 156
2-Bthylhexyl acetate 103-09-3 198
2-Nlethoxyethyl acetate 110-49-6 145
Bujoxyethyl acetate 112-07-2 192
Butyl acetate 123-86-4 126
Butyl formate 592-84-7 107
Ethyl acetate 141-78-6 77
Ethyl acrylate 140-88-5 100
Isoputyl acetate 110-19-0 118
Isopropyl acetate 108-21-4 90
Linploohacetate 115-95-7 220
Methylaeryate 96-33-3 34
Methyl methacrylate 80-62-6 100
Propyl acetate 109-60-4 102
2,2,4-Trimethylpentanediol 6846-50-0 424
diisobutyrate
Vinyl acetate 108-05-4 72°P
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Boiling point

Chemical compound CAS No. o
Phthalates
Alkyl phthalates
Dibutyl phthalate 84-74-2 340
Dimethyl phthalate 131-11-3 284
Other
T, 4-Dioxane T23-9T-1 TO1
1-Methyl-2-pyrrolidinone 872-50-4 202
2-Pentylfuran 3777-69-3 > 120
Aniline 62-53-3 184
Caprolactam 105-60-2 267
Indene 95-13-6 182
Nitrobenzene 98-95-3 211
Pyridine 110-86-1 116
Tetrahydrofuran 109-99-9 67b
NOTE 1  Safe sampling volumes for organic vapours are given in/Annex B.
NOTE 2 When analysing VOCs eluting before n-hexane, the‘complementary sorbents given in ISO 16017-1
can be used.
@ Value of 1-phenylcyclohexene.
b Compounds with boiling points below that of héxane are not retained quantitatively by Tenax TA® when
using the sampling tube size and sampling volumes recommended in this part of ISO 16000.
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