INTERNATIONAL ISO
STANDARD 22253

First edition
2019-04

Cigarettes — Determination of
nicotine in total particulate matter
from the mainstream;smoke with

an intense smoking regime — Gpas-
chromatographi¢method
Cigarettes — Dosage deld nicotine dans la matiére partidulaire totale

provenant du courant principal de fumée avec un régime ge fumage
intense — Méthodé par chromatographie en phase gazeufe

Reference number
1SO 22253:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=499c068dda03f8383fd94376e83655b3

ISO 22253:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=499c068dda03f8383fd94376e83655b3

ISO 22253:2019(E)

Contents

Page

FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Principle
5 Reagents
6 APPATARUS ......ooooii ittt KT e 2
7 PIOCEAUTE. ..ottt MY T

7.1 TeSt POTTION ..o

7.2 Setting up the apparatus. ...,

7.3 Calibration of the gas chromatograph

7.4 DeterMINATION ..oooooooooeeciie i oo
8 EXPression Of T@SUILS ... S e 3
9 Repeatability and reproducibility..............miodor e 4
10 Alternative gas-chromatographic procedures and-analysis precautions..........fo, 4

TO.1 GEIETAL oo st

10.2  AIernative COTUIMIS. ... e rrssssssssessssssssssssssssssssesssss s

10.2.1 Packed columns
10.2.2 Capillary columns

10.3  INJECHION SYSTOIMS ..ot B e

10.4  Alternative internal StaNAards (. ..o e 5
11 TE@SET@POTT ..o et o 5
Annex A (informative) Example of chromatogram ... e 6
Bibljography

© IS0 2019 - All rights reserved

iii


https://standardsiso.com/api/?name=499c068dda03f8383fd94376e83655b3

ISO 22253

:2019(E)

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.
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Introduction

Historically, a set of ISO standards have been developed to specify the requirements of analytical
cigarette smoking machines and their use for the quantitative determination of a number of cigarette
smoke constituents (such as total particulate matter, nicotine free dry particulate matter, water,
nicotine or benzo[a]pyrene) with a unique standard smoking regime. The description of this smoking
regime is provided in ISO 3308.

Later, requirements to provide smoke constituents data with an intense smoking regime, different from
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iginated from different countries and the Confe

le use of the intense smoking regime on analytical cigarette-smoking machines. Thé-sj
e use of the intense smoking regime on analytical cigarette-smoking machines \are

0778.

borative study involving 35 laboratories (published as ISO/TR 19478-1 'and ISO/TR
des specifications for the gas-chromatographic determination of{ nicotine in total
er from the mainstream smoke with an intense smoking regime.

achine smoking regime can represent all human smoking behaviour.

tis recommended that cigarettes also be tested under coriditions of a different intensit
moking than those specified in this document.
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Cigarettes — Determination of nicotine in total parti
matter from the mainstream smoke with an intense
smoking regime — Gas-chromatographic method

culate

WARNING — The use of this document can involve hazardous materials, operations and
equlpment ThlS document does not purport to address all the safety problems asso

health practlces and determlne the appllcablllty of any other restrlctlons prior to as

1 $cope

This|document specifies a method for the gas-chromatographic determination of nicot
particulate matter from the mainstream smoke with an intense smokingregime.

2 Normative references

The following documents are referred to in the text in suchyaway that some or all of t
consfitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced deciiment (including any amendme

ISO 20779, Cigarettes — Generation and collection of-total particulate matter using a routi
smoKing machine with an intense smoking regime

3 Terms and definitions
No tg¢rms and definitions are listed in-this'document.

ISO dnd IEC maintain terminological-databases for use in standardization at the following g

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

— IEC Electropedia: ayailable at http://www.electropedia.org/

4 Principle

The total pafticulate matter from the mainstream smoke obtained in accordance with I
dissqlved ina solvent containing an internal standard. The nicotine content of an aliquot ¢
extractis.determined by gas chromatography, and the nicotine content in the total partic

ciated with
@ safety and

2

ine in total

heir content
applies. For
hts) applies.

e analytical

ddresses:

50 20779 is
f the smoke
1late matter

from|the mainstream smoke is calculated.

5 Reagents

Use only reagents of recognized analytical reagent grade.

5.1 Carrier gas, helium (CAS: 7440-59-7) or nitrogen (CAS: 7727-37-9) or hydrogen (CAS:

of high purity.
5.2 Auxiliary gases, hydrogen (CAS: 1333-74-0) of high purity and air for the flame ionizat

5.3 Propan-2-ol (CAS: 67-63-0), with maximum water content of 1,0 mg/ml.

© IS0 2019 - All rights reserved
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5.4 Internal standard, n-heptadecane (CAS: 629-78-7) or quinaldine (CAS: 91-63-4) of purity not less
than 99 %.

Carvone (CAS: 99-49-0), n-octadecane (CAS: 593-45-3), or other appropriate internal standards may be
used after assessment of their purity and determination that the internal standard does not co-elute
with other components in the smoke extract. The peak area of the internal standard in smoke extracts
should be monitored for consistency. In cases where inconsistencies are found, analysis of an extraction
of a smoke sample without the internal standard in the extraction solution should be performed to
confirm the absence of a peak in the smoke extract eluting at the same time as the internal standard

(see Clause 10).

5.5 Extra
standard (5

Solvent not
before use.

5.6 Refer
Store this b{

Nicotine sal

ction solvent, propan-2-ol (5.3) containing an appropriate concentration of int
4); this is normally in the range of 0,2 mg/ml to 0,5 mg/ml.

stored in a temperature-controlled laboratory shall be allowed to equilibrateto (22 +

bnce substance: nicotine (CAS: 54-11-5) of known purity not less tham98 %.
ttween 0 °C and 4 °C and exclude light.

cylate (CAS: 29790-52-1) of known purity not less than 98,%¢may also be used.

crnal

2) °C

The purity qdf the nicotine or nicotine salicylate may be verified in acCordance with ISO 13276 or by any
other validated method.

5.7 Calibration solutions

Dissolve the nicotine (5.6) in the solvent (5.5) to produéé a series of at least four calibration solufions
with concentrations that cover the range expected to be found in the test portion (usually 0,02 mig/ml
to 2,0 mg/ml). Store these solutions at between 0,°C-and 4 °C and exclude light.

Solvent and|solutions stored at low temperatiires shall be allowed to equilibrate to a temperature of
room in which gas-chromatography is located before use.

6 Apparptus

Usual laborgtory apparatus and;in particular, the following items.

6.1 Gas-chromatograph,”equipped with a flame ionization detector and a suitable data handling
instrument (see Clause\10).

6.2 Column,of'internal diameter between 2 mm and 4 mm and preferably of length 1,5 m to 2 m

The column—s Pt efet abl_y frade—of Slaoo, but-othermatertals—stch—as—deactivated—staintess—steel or

nickel may be used. Stationary phase: 10 % poly(ethylene glycol) (PEG) 20 000 plus 2 % potassium
hydroxide on an acid-washed silanized support material, 150 pm (100 mesh) to 190 pm (80 mesh) (see
also Clause 10).

7 Procedure

7.1 Test portion

Prepare the test portion by dissolving the total particulate matter from the mainstream smoke by
the intense smoking (see ISO 20779) of a known number of cigarettes in a fixed volume of the solvent
(5.5) of 20 ml for 44 mm discs, or 50 ml for 92 mm discs, ensuring that the disc is fully covered. The
volume may be adjusted to give a concentration of nicotine appropriate for the calibration graph (see

2 © IS0 2019 - All rights reserved
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7.3) provided that there is adequate volume for effective extraction of the total particulate matter.
Analysis should be performed as soon as possible, but if storage is inevitable then store the test portion
at between 0 °C and 4 °C and exclude light.

7.2 Setting up the apparatus

Set up the apparatus and operate the gas chromatograph (6.1) in accordance with the manufacturer’s
instructions. Ensure that the peaks for solvent, internal standard, nicotine, and other smoke component
peaks, especially neophytadiene (which can appear on the tail of the nicotine peak under certain
circumstances), are well resolved (see also Clause 10).

Suitdble operating conditions are as follows:

— ¢olumn temperature, 170 °C (isothermal);

— injection temperature, 250 °C;

— (dletector temperature, 250 °C;

— (¢arrier gas, helium, nitrogen or hydrogen at a flow rate of about 30dn}l/min;
— injection volume, 2 pl.

Using the above conditions, the analysis time is about 6 min te.8 min (see also Clause 10).

7.3 | Calibration of the gas chromatograph

Injedt an aliquot (2 pl) of each of the calibration solutions (5.7) into the gas chromatogrpph. Record
the deak areas (or heights) of the nicotine and intérnal standard (5.4). Carry out the detefmination at
least|twice.

Calcylate the ratio of the nicotine peak to the-internal standard peak from the peak area (orfheight) data
for epch of the calibration solutions. Plot;the graph of the area ratios in accordance with [the nicotine
concentrations, and calculate a lin€ar regression equation (area ratios according to the nicotine
concentrations) from these data. The graph shall be linear and the regression line should pass through
the drigin. Use the reciprocal ofthe slope of the regression equation.

Perform this full calibration’ procedure daily. In addition, inject an aliquot of an iptermediate
concentration standard.-after about 20 sample determinations. If the calculated concentration for this
solutlion differs by more than 3 % from the original value, repeat the full calibration procedure.

7.4 | Determination

Injedt aliquets(2 pl) of the test portion (see 7.1) into the gas chromatograph. Calculate thg ratio of the
nicofinepeak/internal standard peak from the peak area (or height) data.

Carrosulbwo delerminationsonthe same Lest

TT—crrooorrtr

Calculate the mean value of the ratio from the two determinations.

Where results are obtained from a number of separate channels of smoking and where an auto-sampler
is used, a single aliquot portion from each smoke traps is considered adequate.

8 Expression of results

Calculate the concentration of nicotine in the test portion using the graph or linear regression equation
prepared in 7.3. From the concentration of nicotine in the test portion, calculate the amount of nicotine
in the total particulate matter. Deduce the amount in the cigarettes smoked. Express the test results
in milligrams per cigarette, my, for each single result, N, to the nearest 0,01 mg and the average per
cigarette to the nearest 0,1 mg.

© IS0 2019 - All rights reserved 3
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9 Repeatability and reproducibility

A major international collaborative study involving 35 laboratories and 10 samples, conducted in
2010, showed that when cigarettes are smoked with the smoking parameter mentioned in ISO 20779
(55 ml puff volume, 1 puff every 30 s, 100 % ventilation blocking) and the resulting smoke solutions
are analysed by this method, the following values for the repeatability limits (r) and the reproducibility
limits (R) are obtained.

The difference between two single results found on matched cigarette samples by one operator using
the same apparatus within the shortest feasible time interval will exceed the repeatability limit (r) on
average not more than once in 20 cases in the normal and correct operation of the method.

Single resulfs on matched cigarette samples reported by two laboratories will differ by more than the
reproducibility limit (R) on average not more than one in 20 cases in the normal and correctoperation
of the methgd.

Data analysis gave the estimates as summarized in Table 1.

Table 1 — Estimates given by data analysis

Mean value Repeatability limit Reproduicibility limit
mpy r R
mg per cigarette mg per cigarette mg per cigarette
0,994 0,084 0,249
1,267 0,079 0,199
1,342 0,092 0,218
1,407 0,139 0,359
1,681 0,116 0,301
1,789 0,16 0,348
2,069 0,120 0,366
2,086 0,151 0,338
2,106 0,151 0,401
2,683 0,160 0,490
NOTE The mean values in Table/1 are expressed in 3 digits after decimal since they are the averages of

the single re¢sults (averages per-Cigarette) obtained at the participant laboratories for the internagional
collaborativd study.

For the purpose of calculating r and R, one test result from a rotary machine was the mean of two
runs smoking 10 testarticles each and from a linear machine it was the mean of seven ports/charnels,
smoking thijee test.articles per port/channel.

For further {lefails of the interaction of r and R with other factors, see ISO/TR 19478-1.

10 Alternative gas-chromatographic procedures and analysis precautions

10.1 General

Alternative gas-chromatographic columns, both packed and capillary, have been found suitable for the
determination of nicotine in total particulate matter. If these are used, it is necessary to ensure that
the peaks due to nicotine and the internal standard are well resolved from peaks due to other smoke
components and the solvent.

4 © IS0 2019 - All rights reserved
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Alternative columns

1 Packed columns

The following may be used as alternative stationary phases in the column described in 6.2:

— 2

— 1

7

% Versamid 9001 plus 1 % potassium hydroxide, or
% PEG 20 000 plus 3 % polyphenyl ether (6 rings), or

ower loadings of PEG 20 000 (with or without potassium hydroxide).

10.2

Fuse
1 pum

Base|

(Sup
plus

10.3

The
Systd
need
temp]
shall
thick

— ¢ven temperature: 160 °C (hold 4,5 min).rising to 200 °C at 30 °C/min (hold 1,5 min);

q

q

Usin

10.4

Alter
n-oct
not d
inter]

Whe

gplit ratio: 20:1.

2 Capillary columns

d silica capillary columns (0,2 mm to 0,53 mm ID) with a thin film thickness-equal to
, capable of analysing polar compounds, may be used.

+deactivated PEG stationary phases, such as CAM (] and W Sciéntific)l), Carb
blco)l), Stabilwax-DB (Restek)1), and CP WAX-51 (Chrompack)1), give §imilar data to thg
potassium hydroxide packed column in 10.2.1.

Injection systems

ms. Suitable operating conditions may vary depending on the type of column used a
to be optimized following the manufacturer’s instructions. Isothermal oven tempera
erature programming, hold times, carrier gas aiid linear velocity, injection volume ar
be set for the type of capillary column usedsFor example, for a 15 m, 0,32 mm ID, (
ness capillary column, typical conditions right be as follows:

arrier gas: helium at a linear flow\tate of about 25 cm/s;

b the above conditions, the-analysis time is about 7 min to 8 min.

Alternative intérnal standards

native internal) standards have also been evaluated. These are carvone, quin
adecane. Thése may be used after assessment of their purity and a check to ensure
0-elute With other smoke components in the smoke extract being analysed. The peal
nal stanidard in smoke extracts should be monitored for consistency.

Fé-inconsistencies are found, analysis of a smoke sample without an internal stan

or less than

pwax-amine
PEG 20 000

plternative columns described in 10.2.1 and 10.2.2 reduire the use of purpose-malde injection

nd they may
fure or oven
d split ratio
,25 um film

aldine, and
that they do
¢ area of the

dard in the

extraction sotution should be performed to confirm the abSence of a peak in the SMOKE ex

at the same time as the internal standard.

11 Test report

tract eluting

The test report shall state the yield of nicotine per cigarette smoked and the method used and shall
include all conditions which might affect the result (e.g. atmospheric test conditions during smoking). It

shall

also give all details necessary for the identification of the cigarettes smoked.

1) These are trade names of examples of suitable products available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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