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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procddures used to develop this document and those intended for its further maintenanceyare
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-\for the
different {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may)be the subjecf of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS( list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does pot
constitutqg an endorsement.

For an exyplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO's adherence to the
World Tr3gde Organization (WTO) principles in the TechnicakBarriers to Trade (TBT) see www.liso
.org/iso/fpreword.html.

This document was prepared by Technical Committee ISO/TC 126, Tobacco and tobacco products.

Any feedblack or questions on this document should be directed to the user’s national standards body. A
complete |isting of these bodies can be found at www.iso.org/members.html.

iv © IS0 2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=1144f688faef7806fc3033a8d7c1e127

TECHNICAL SPECIFICATION

ISO/TS 22491:2019(E)

Water pipe tobacco — Determination of carbon
monoxide in the vapour phase of water pipe tobacco
smoke — NDIR method
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Thr following documents are referred to in the text in such a way thagsome or all of the
stitutes requirements of this document. For dated references, only\the edition cited applies. For

is document specifies a method for the determination of carbon monoxide (CO) in the 'vap
vater pipe tobacco smoke.

Normative references

Hated references, the latest edition of the referenced document (incliding any amendment
3402, Tobacco and tobacco products — Atmosphere for conditiéning and testing
22486, Water pipe tobacco smoking machine — Definitions.gnd standard conditions

/TS 22487, Water pipe tobacco — Determination of totdl collected matter and nicotine usir
e tobacco smoking machine

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

and IEC maintain terminologicalidatabases for use in standardization at the following ad

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

IEC Electropedia: available at http://www.electropedia.org/

pour phase
Ftion of smoke, which passes the smoke trap during smoking in accordance with ISO/TS 22
hachine conforming to ISO 22486

Principle

our phase

ir content

5) applies.

g a water

lresses:

487 using

S

oking of water pipe tobacco in accordance with the procedures given in ISO/TS 22487. Co

llection of

the vapour phase of the water pipe tobacco smoke and measurement of the carbon monoxide using a
non-dispersive infrared (NDIR) analyser calibrated for carbon monoxide. Calculation of the amount of
carbon monoxide per water pipe tobacco test portion.

5

Apparatus

Usual laboratory apparatus and, in particular, the following items.

5.1 Routine analytical water pipe tobacco smoking machine and accessories, complying with the
requirements of SO 22486.

© IS0 2019 - All rights reserved
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5.2 Vapour-phase collection system, which can be fitted to the water pipe smoking machine. The
use of the system shall ensure collection of all the vapour phase (normally vented to atmosphere) to be
stored in a previously evacuated container for subsequent sampling through an NDIR analyser.

The collection system shall not cause interference with the normal performance of the smoking machine
and the consequent determination of total particulate matter and nicotine.

The impermeability of the vapour phase collecting device to a vapour phase shall be checked with a
vapour phase containing a volume fraction of 4 % to 6 % of CO. The CO concentration shall be measured
directly after filling the previously evacuated vapour phase-collecting device. After a period of not less

than 2 h,

Fhemeasuredvalue oF GO concentrationinthevapour phase in-the device shall notdiffer

by

more thar a volume fraction of 0,2 % from the value expected from the first determination.

When a b
pressure

hg is used as the vapour phase-collecting device, it shall be large enough to avoid |the fi

be no gregter than twice the volume of the vapour phase collected at atmospheric pressure: In pract

the collec

It can be i

ion of the vapour phase from 175 puff requires a bag volume of 120 I to 1851.

one singlg 120 1 bag. Other possibilities exist and may be considered for inclusion‘in this document.

a) Use t]
chang
are re

filled

nal

fits contents exceeding the ambient atmospheric pressure. The volume of the bag should afso

ce,

hconvenient to collect all of the vapour phase generated from a single smoked test portior] in

vo or more smaller bags, which are changed at the same time‘as*the TCM collection pad is
ed after every 35 puff. The practical bag size for this option/s roughly 30 I; at least two bags
quired. Both are evacuated prior to commencement of the smoking process. The first bag is
during the first 35 puffs, then removed for analysis and ®e-evacuated while the next bag i§ in

use aind so on. A modified version of Formulae (1) and (2) given in Clause 8 are required in ordey to

comb

b) Usea
an ap

ne the partial vapour phase concentrations measured during each bag fill.

constant flow gas splitting system to deliver a'‘known fraction of the total vapour phaseg to
propriate-sized collection bag. A ratio 20:1 splitting system requires a 10 1 bag (connected to

the low flow output of the splitter) to collect the'vapour phase output for a complete smoked test

porti
smok
relati

pn. The vapour phase from the high flowZ output of the splitter is routed directly to the wa

ye volumes of the split sample arexnot required; the Formula (1) or Formula (2) in Claus

Ste

e exhaust system. The contents of thelcollection bag are then analysed in the normal way. The

b 8

only needs the total volume which is the puff volume time the number of puffs. This system wo

corre
thatt

c) The v
basis.
mass

he split flows remain at a constant ration throughout the smoking process.

The CO is calculatédyon the basis of mg per puff and the total CO per sample is the sum of
for all puffs.

5.3 Non-dispersive~infrared (NDIR) analyser, selective and calibrated for the measurement
carbon m¢noxide«in vapours.

ks

Ctly provided that the vapourtphase sample is homogeneous at the entrance to the splitter gnd

apour phase for a single puff only is collected, analysed and disposed of on a puff by puff

he

of

Analysergaréavailable from several manufacturers and should have a suitable measurement range. The

sampling

Fate should be between 0,5 1/min and 5 I/min. The analyser shall have a precision of 0,1 %

CO
- )

a linearity of 0,1 % CO and a repeatability of 0,2 % CO, under conditions of constant temperature and
pressure. In terms of volume fractions its response to 10 % CO; shall not exceed 0,05 % as CO. Its
response to 2 % water vapour shall not exceed 0,05 % as CO.

5.4 Heating device, effecting flameless electric heating, as defined in ISO 22486.

5.5 Bar

ometer, capable of measuring atmospheric pressures to the nearest 0,1 kPa.

5.6 Thermometer, capable of measuring temperature to the nearest 0,1 °C.
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Make-up gas shall be nitrogen as other gases can change the detected response of carbon monoxide.
Gases used should be of high purity (with low content of carbon dioxide) and used within the
manufacturer's time limits.

The NDIR analyser should be calibrated with at least three standard gas mixtures of accurately known
concentrations within a relative error of 2 %, covering the expected range in such a way as to avoid
extrapolation of the calibration curve. Typically used concentrations are approximately 25 %, 50 % and

75

7
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va
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en

7.2

of

an]

pu

1

% of the analyser’s measurement range.

Procedure

Storage and conditioning

ter pipe tobacco for testing should be conditioned for at least 12 h at a temperature of 22 °
bour tight containers just large enough to contain the sample, until smokepun preparation

ce opened, the tobacco should be stored at room temperature in yapour tight containers
bugh to contain the sample to avoid the loss of volatile constituent$aand prevent the building

e testing atmosphere in the laboratory where the smoking is'to be carried out shall be in a

ith ISO 3402.

Calibration of the NDIR analyser

2.1 Warm up the instrument according to ‘the manufacturer's recommendations,

trument with air and adjust to read zero.

.2 Fill a previously evacuated vapour=phase collection container with the standard ga
0 known volume fraction, re-evacuate and refill with gas. Ensure that the gas in the cont
bient temperature and pressure{Introduce the gas into the measuring cell using the systen
p allowing 5 s to 10 s for equilibration of pressure of the analyser. Note the reading on th|

cohcentration display when a steady value has been obtained.

If 1
7.2
is

att

7.2

be

ecessary, adjust the analyser reading to agree with the certified value of the standard gas

.3 Repeat the proecedure as specified in 7.2.2 for at least two other standard gas mixture
| difference of greater than a volume fraction of 0,2 % CO between the observed and expect
ention should be given to the analyser linearity.

.4 Recalibrate the instrument at least once a week, using the standard gases. The calibr
lin€arwithin the limits reported in 5.3.

C+3°Cin

just large
of mould.

ccordance

burge the

S mixture
hiner is at
sampling
e analyser

bs. If there
ed values,

htion shall

7.2.5 Check the calibration prior to the measurement using the same standard gas used under 7.2.2. If
there is a difference greater than a volume fraction of 0,2 % CO between observed and expected values,
repeat the full calibration.

7.3 Smoking and collection of vapour phase

7.3.1 Preparation of vapour-phase collection system

Prepare the system using the instructions pertinent to the equipment fitted.

©lI
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Ensure that the vapour-phase collecting device has been completely flushed with ambient air and
evacuated before the start of the smoking process. There shall not be any residual vacuum upstream of
the collection device before smoking.

7.3.2 Smoking procedure

7.3.2.1 Smoke the water pipe tobacco in accordance with the procedure stated in ISO/TS 22487.

7.3.2.2 After completion of smoking remove the residual tobacco portion and take 2 clearing puffs.

7.3.2.3

Record the total number of puffs taken, i.e. smoking puffs plus clearing puffs.

7.4 Measurement of carbon monoxide volume concentration

7.4.1 Rd
measuring
sampling

monoxide
more than

7.4.2 Af
apparatus

check the calibration of the analyser (see 7.2.5) and introduce the vapour phase into

b cell of the analyser under the same conditions of ambient temperatureand pressure as

hind the same flow rate as used during calibration. Read the analyser display giving the carh
concentration. Recalibration may be necessary when the barometric-pressure has changed
10 kPa and the CO analyser has no internal compensation.

the end of each smoking, the vapour-phase collection{ ¢ontainer shall be emptied. '
is then ready for the next smoking starting at step 7.3.2.1+

8 Expilession of results

8.1 Cal
portion

crulation of the average volume of carben monoxide per water pipe tobacco

The average volume of carbon monoxide per tobacco portion is given by Formula (1):

CXVXNXpXT,
Vas =
100xpox(t+Tp)
where
Vas 1p the average volume of carbon monoxide per test portion, in millilitres;
C  if the percentage by volume of carbon monoxide observed;
if the puffvolume, in millilitres;
N  if thesnumber of puffs in the measured test portion (including clearing puffs);

the
for
on
for

he

(1)

p  isthe ambient pressure, in kilopascals;

po isthe standard atmospheric pressure, in kilopascals;

To isthe temperature for the triple point of water, in Kelvin;

t isthe ambient temperature, in degrees Celsius.

In the calculation, the following values can be used: V=530 ml and rounded values of pg(101,3 kPa) and

To(273 K)

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=1144f688faef7806fc3033a8d7c1e127

ISO/TS 22491:2019(E)

8.2 Calculation of the average mass of carbon monoxide per water pipe tobacco portion

The average mass of carbon monoxide per test portion is given by Formula (2):

M
m=V, x—9 (2)

as
m
where

m is the average mass of carbon monoxide per test portion, in milligrams;

Mco is the molar mass of carbon monoxide, in grams per mole;
Vm  is the molar volume of an ideal gas, in litres per mole.

In the calculation the following values can be used: rounded values of Mco(28 g/moly-and Vi, (2R,4 1/mol).

9 | Repeatability and reproducibility

An| interlaboratory study is required in order to provide an estimate of the repeatapility and
reproducibility of this method.

1Q Test report

10.1 General

The test report shall show the method used and the fesults obtained. It shall also mention any|operating
conditions not specified in this document or regarded as optional, as well as any circumstancep that may
haye influenced the results. The test report shall include all details required for complete identification
of the sample. If appropriate, the informatien listed in 10.2 to 10.5 shall be recorded.

10.2 Characteristic data about the water pipe tobacco sample and identification
Allnecessary details to describethe sample fully such as:

a) | name of manufacturer;

b) | country of manufacture;

c) | water pipe tobacco name;

d)| date ofssampling;

e) | plade-of purchase or sampling;

f) Lkind of sampling point;

g) sampling point (e.g. address of retail outlet or machine number);
h) packet number (of the water pipe tobacco sampled that day);

i) marks on any tax stamp;

j) printed smoke yields (if any).

© IS0 2019 - All rights reserved 5
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