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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.
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Introduction

This document may be considered as part of a set produced by ISO/TC 126 which describes the
determination of total and nicotine-free dry particulate matter (NFDPM) in total particulate matter
from the mainstream smoke. The set comprises ISO 3308, ISO 3402, ISO 4387, ISO 8243, 1SO 10315 (this
document) and ISO 10362-1.

A related International Standard, ISO 3400, determines total alkaloids, whereas this document
determines only nicotine by virtue of the gas-chromatographic separation. Occasionally, differences
can occur because of minor amounts of alkaloids other than nicotine in some types of tobacco.

Anngx A provides information about the use of this method in conjunction with or simultajeously with
the gas-chromatographic method of water determination specified in ISO 10362-1.

No machine smoking regime can represent all human smoking behaviour.

— Itisrecommended that cigarettes also be tested under conditions of a different intensity of machine
gmoking than those specified in this document.

— Machine smoking testing is useful to characterize cigarette emissions for design and regulatory
purposes, butcommunication of machine measurements to smokers can resultin misunderstandings
dbout differences in exposure and risk across brands.

— $moke emission data from machine measurements may be used as inputs for profluct hazard
3ssessment, but they are not intended to be nor are they valid as measures of human fexposure or
fisks. Communicating differences between products'in machine measurements as differences in
g¢xposure or risk is a misuse of testing using ISO.standards.

© IS0 2021 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 10315:2021(E)

Cigarettes — Determination of nicotine in total

particulate matter from the mainstream smoke — Gas-

chromatographic method

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 prlor to us

$cope

This|document specifies a method for the gas-chromatographic determination of nicot
culate matter from the mainstream smoke. The smoking of cigarettes and the ¢
irlstream smoke are carried out according to ISO 4387.

ISO 20778 and ISO 22253 provide the determination method(of nicotine in smoke wi
ing regime.

2 ormative references

The following documents are referred to in the text(in such a way 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 referénced document (including any amendme

ISO 4387, Cigarettes — Determination of total and nicotine-free dry particulate matter usi
analytical smoking machine

3 Terms and definitions

No tgrms and definitions arelisted in this document.
ISO dnd IEC maintain terminological databases for use in standardization at the following g

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

EC Electropedia: available at https://www.electropedia.org/

4 Pringciple

ciated with
@ safety and

2

ine in total
ollection of

th an intense

heir content
applies. For
hts) applies.

ng a routine

ddresses:

The total particulate matter irom the mainstream smoke, which shall be obtained 1n acco

rdance with

ISO 4387, is dissolved in an extraction solution containing an internal standard. The nicotine content of
an aliquot of the smoke extract is determined by gas chromatography, and the nicotine content in the

total particulate matter from the mainstream smoke is calculated.

NOTE
for the determination of total nicotine alkaloids. In such cases, values obtained using the method
ISO 3400 can be used with the addition of a note in the expression of results.

5 Reagents

Use only reagents of recognized analytical reagent grade.

© IS0 2021 - All rights reserved
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5.1 Carrier gas, helium (CAS: 7440-59-7), nitrogen (CAS: 7727-37-9) or hydrogen (CAS: 1333-74-0)
of high purity.

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

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

5.4
than 99 %.

Internal standard, n-heptadecane (CAS: 629-78-7) or quinaldine (CAS: 91-63-4) of purity not less

Carvone (C
used after a
with other (
should be m
of a smoke

confirm the
(see Clause

5.5 Extra
standard (5.

Solution nof
temperatursy

5.6 Refer
Store this b{
Nicotine sal

The purity d

ST99-49-0), T-octadecane (CAST593-45-3), or other appropriate imtermat standards m
ssessment of their purity and determination that the internal standard does notco-
omponents in the smoke extract. The peak area of the internal standard in smoke)ext
pnitored for consistency. In cases where inconsistencies are found, analysis of an‘éxtra
sample without the internal standard in the extraction solution should be\perform
absence of a peak in the smoke extract eluting at the same time as the(internal stan
10).

ction solution, 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 equilibrate to am
e before use.

bnce substance, nicotine (CAS: 54-11-5) of known.purity not less than 98 %.
ptween 0 °C and 4 °C and exclude light.
cylate (CAS: 29790-52-1) of known purity not less than 98 % may also be used.

f the nicotine or nicotine salicylate may be verified in accordance with ISO 13276 or b

other validated method.

5.7 Calibi

Dissolve thd
solutions w
0,02 mg/ml

Solutions st

6 Appar

ation solutions

nicotine (5.6) in the extraction solution (5.5) to produce a series of at least four calibr
th concentrationsthat cover the range expected to be found in the test portion (us
to 2,0 mg/ml). Storé€these solutions at between 0 °C and 4 °C and exclude light.

pred at low témperatures shall be allowed to equilibrate to ambient temperature beforg

atus

y be
elute
racts
ction
bd to
dard

ernal

bient

 any

htion
ually

b use.

Usual labor4

)tory 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 is preferably made of glass, but other materials such as deactivated stainless 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 pum (80 mesh) (see
also Clause 10).

© ISO 2021 - All rights reserved
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7 Procedure

7.1 Test portion

Prepare the test portion by dissolving the total particulate matter from the mainstream smoke
obtained by the machine smoking of a known number of cigarettes in a fixed volume of the extraction
solution (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 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 ]ighf Eorstandard cmnl(ing’ referto ISQ 4387

7.2 | Setting up the apparatus

Set up the apparatus and operate the gas chromatograph (6.1) in accordance with’the mapufacturer's
instrjuctions. Ensure that the peaks for propan-2-ol (5.3), internal standard, nicotine, and pther smoke
component peaks, especially neophytadiene (which can appear on the tail'of the nicotine| peak under
certdin circumstances), are well resolved (see also Clause 10).

Suitgble operating conditions are as follows:
— ¢olumn temperature, 170 °C (isothermal);
— injection temperature, 250 °C;
I:etector temperature, 250 °C;
— garrier gas, helium or nitrogen or hydrogen, at:a flow rate of about 30 ml/min;
— injection volume, 2 pl.

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

7.3 | Calibration of the gas chrematograph

Inject an aliquot (2 pl) of each©fithe calibration solutions (5.7) into the gas chromatograph. Record the
peaklareas (or heights) of the nicotine and internal standard (5.4). Carry out the determingtion 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,sand calculate a linear 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 arigin<Use the reciprocal of the slope of the regression equation.

Performp 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
solution differs by more than 3 % from the original value, repeat the full calibration procedure.

7.4 Determination

Inject aliquots (2 pl) of the test portion (see 7.1) into the gas chromatograph. Calculate the ratio of the
nicotine peak/internal standard peak from the peak area (or height) data.

Carry out two determinations on the same test portion (see 7.1).
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 trap is considered adequate.

© IS0 2021 - All rights reserved 3
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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 (N). 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.

9 Repeatability and reproducibility

A major interrationa ve-strdy-v = aboratortes-and amptes;condueted 010,
showed thafwhen cigarettes are smoked in accordance with ISO 4387 and the resulting smoke solufions
are analysedl by this method, the following values for the repeatability limits (r) and the reproducibility
limits (R) aie obtained. Detailed information on the scope of the study, TPM, sample description$ and

identificatigns is available in ISO/TR 19478-1.

o1a v

The difference between two single results found on matched cigarette samples by‘one operator jising
the same apparatus within the shortest feasible time interval exceeds the repeatability limit () on
average notjmore than once in 20 cases in the normal and correct operation of'the method.

Single results on matched cigarette samples reported by two laborateries differ by more thap the
reproducibility limit (R) on average not more than one in 20 cases in the'normal and correct operption
of the methgd.

Data analysis gave the estimates as summarized in Table 1.

Table 1 — Estimates given by data analysis

Mean value Repeatability limit Reproducibility limit
my r R
mg per cigarette mg percigarette mg per cigarette
0,108 0,025 0,046
0,154 0,016 0,057
0,389 0,040 0,087
0,663 0,076 0,120
0,665 0,051 0,123
0,677 0,054 0,126
0)752 0,058 0,126
0,816 0,072 0,130
0,830 0,055 0,126
1,366 0,088 0,164
NOTE The mean values in Table 1 are expressed in 3 digits after decimal since they are the averages of the

single results (averages per cigarette) obtained at the participant laboratories for the international collaborative
study.

For the purpose of calculating r and R, one test result was defined as the mean yield obtained from
smoking 20 cigarettes in a single run.

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

The subject of tolerances due to sampling is dealt with in SO 8243.

4 © IS0 2021 - All rights reserved
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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 propan-2-ol (5.3).

The data in Clause 9 refer to the reference column. Appropriate data for these alternative procedures

are n

ot given in this document.

10.2

10.2
The {

4

Alternative columns

1 Packed columns

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

2 % Versamid 900V plus 1 % potassium hydroxide, or

T % PEG 20 000 plus 3 % polyphenyl ether (6 rings), or

— lower loadings of PEG 20 000 (with or without potassium’hydroxide).

10.2{2 Capillary columns

Fused silica capillary columns (0,2 mm to 0,53 mm, ID) with a thin film thickness equal to|or less than
1 um, capable of analysing polar compounds, may:be used.

Basetdeactivated PEG stationary phases, such as CAM (] and W Scientific)l), Carbpwax-amine
(Supglco)), Stabilwax-DB (Restek)l, and GP WAX-51 (Chrompack)b, give similar data to thgd PEG 20 000
plus potassium hydroxide packed columpin 10.2.1.

10.3 Injection systems

The plternative columns déscribed in 10.2.1 and 10.2.2 require the use of purpose-malde injection
systéms. Suitable operating conditions can vary depending on the type of column us¢d and they
may [be optimized following the manufacturer's instructions. Isothermal oven temperature or oven
temperature programming, hold times, carrier gas and linear velocity, injection volume arjd split ratio
shall|be set for the type of capillary column used. For example, for a 15 m, 0,32 mm ID, (,25 pm film
thickness capillary column, typical conditions might be as follows:

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

— (arpier gas helium at a linear flow rate of about 25 cm/s;

— splitratio 20:1.

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

Annex B provides an example of chromatogram.

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.

© ISO
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10.4 Alternative internal standards

Alternative

internal standards have also been evaluated. These are carvone, quinaldine, and

n-octadecane. These may be used after assessment of their purity and a check to ensure that they do

not co-elute

with other smoke components in the smoke extract being analysed. The peak area of the

internal standard in smoke extracts should be monitored for consistency.

Where inconsistencies are found, analysis of a smoke sample without an internal standard in the
extraction solution should be performed to confirm the absence of a peak in the smoke extract eluting

at the same

11 Test report

The test rey
include all ¢
shall also gi

kime as the internal standard.

ort shall state the yield of nicotine per cigarette smoked and the methed used and [shall
bnditions which might affect the result (e.g. atmospheric test conditions during smoking). It
e all details necessary for the identification of the cigarettes smoked.
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