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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

No machine smoking regime can represent all human smoking behaviours.

— Itisrecommended that cigarettes also be tested under conditions of a different intensity of machine
smoking 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 canresultin misunderstandings
about differences in exposure and risk across brands.

— |Smoke emission data from machine measurements may be used as inputs for prodjct hazard
assessment, but they are not intended to be nor are they valid measures of human’ekposure or
risks. Communicating differences between products in machine measurements as differences in
exposure or risk is a misuse of testing using ISO standards.

© IS0 2023 - All rights reserved v
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ipment. This document does not purport to address all the safety problems assoc
ise. It is the responsibility of the user of this document to establish appropriate
Ith practices and determine the applicability of any other restrictions'prior to use

Scope

5 document specifies a method for the determination of Benzo[a]pyrene (B[a]P) ir
Ficulate matter of cigarette mainstream smoke with a1 intense smoking regime
bmatography/mass spectrometry (GC/MS) with cyclohexané as extraction solvent.

5 method is specified using ISO 20778 smokingtparameters. An alternative meth
ermination of B[a]P is specified in ISO 23906-1, with)a different clean-up using methanol

Normative references

following documents are referred to<in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

3402, Tobacco and tobacco preducts — Atmosphere for conditioning and testing
8243, Cigarettes — Sampling

20778, Cigarettesc=="Routine analytical cigarette smoking machine — Definitions an
itions with an intehse smoking regime

20779, Cigarettes — Generation and collection of total particulate matter using a routin
king machine with an intense smoking regime

Térms and definitions

RNING — The use of this document can involve hazardous materials,’ operdations and

jated with
safety and

| the total
using gas

bd for the

solvent.

Pir content
pplies. For
[s) applies.

1 standard

b analytical

No terms and definitions are listed in this document.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

©IS

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

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

Principles

Sampling of the test cigarettes according to the sampling procedure specified in [SO 8243.

Conditioning of the test cigarettes according to the conditioning procedure specified in ISO 3402.

02023 - All rights reserved
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Smoking of the test cigarettes according to the smoking procedure specified in ISO 20779.

Clean-up procedure using solid phase extraction (SPE).

Analytical determination of B[a]P by gas chromatography/mass spectrometry.

5 Apparatus

Extraction of the total particulate matter, collected on the glass-fibre filter pad, with cyclohexane.

The usual

5.1 Rout
ISO 20778,

5.2 Gas
and data a
in order t
gas chrom
recommen

5.3 Fuse
phase and
for this an4g

NOTE
5.4 Turb
5.5 Vacu

5.6 Soliq
500 mg is §

NOTE
are equivalg

5.7 Posi

5.8 Geng
glassware

aboratorvapparatus and eguinment and in particular the following
’4 rr 28 r 4 r 4 [=]

ine analytical cigarette-smoking machine, in accordance with the requirement
and equipped for smoking in accordance with ISO 20779.

b of

chromatograph with a mass selective detector, equipped with its computerized conjtrol

Cquisition and processing system. This system shall be able to pilot the mass spectrom
b obtain chromatographic data under single ion monitoring (SIMJ)\détection mode.

atograph shall be configured to perform splitless injections onca;capillary column.

Hed to equip the gas chromatograph with an autosampler for sample injection.

d silica capillary column, for example a 50 % phenyl-, 506 methyl-polysiloxane station
h 30 m length, 0,25 mm internal diameter column with a\0,25 pm film thickness are suit
lysis.

ther columns can be used, provided that appropriate;peak separation is obtained.
oVap®Y evaporator or equivalent equiprient.
um sample preparation unit or equivalent equipment.

phase extraction cartridges,-NH, bonded silica phase volume of 3 ml and packed ¥V
uitable.

ther cartridges with the gaire phase but different dimensions can be used if it is proved that res
nt.

live displacemeént pipettes, suitable for a volume range of 10 pl to 1 000 pl.

ral laboratory equipment, for the preparation of samples, standards and reagents
chall be'cleaned before use to avoid any contamination.

5.9 Ultr:

bter
The
tis

ary
hble

vith

ults

All

isonic bath.

5.10 Shaker, set to 200 r/min.

5.11 Glassware, conical flasks with ground glass stoppers (50 ml, 100 ml), volumetric flasks (20 ml,

100 ml, 2 0

00 ml), test tubes (e.g. 16 mm diameter, 150 mm length).

1) TurboVap® is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

2
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Reagents

WARNING — Benzo[a]pyrene and benzo[a]pyrene-d12 are carcinogens. Appropriate safety
precautions shall be taken when manipulating these compounds or any solution containing
these compounds.

All reagents shall be of analytical grade quality.

(d fill to the

k and fill to

6.1 Hexane, of known purity, not less than 99 %, CAS 110-54-3.

6.2 Cyclohexane, of kmowm purity, ot tess thamn 99 %%, CAS T10-82-7

6.3| Benzo[a]pyrene, of known purity, not less than 98 %, CAS 50-32-8.

6.4| Benzo[a]pyrene-d12, of known purity, not less than 98 %, CAS 63466-71-7

6.5| Helium, carrier gas of known purity, not less than 99,999 %, CAS 7440-59-7.

7 |Standards

7.1 General

Thd use of certified B[a]P and B[a]P-d12 solutions as reference material is possible.

7.2| Primary B[a]P-d12 stock solution: 100 ptg/ml

Disgolve 10 mg B[a]P-d12, weighed to the nearest 0,01 mg, into a 100 ml volumetric flask an
mark with cyclohexane. Sonicate to ensure dissolution.

7.3| Secondary B[a]P-d12 spiking solution: 40 ng/ml

Trapsfer 800 pl of the primary Bfa]P-d12 stock solution (7.2) into a 2 000 ml volumetric flas
themark with cyclohexane.

7.4 Primary B[a]P stock solution: 100 pg/ml

Disgolve 10 mg B[alP-weighed to the nearest 0,01 mg, into a 100 ml volumetric flask and fill o the mark

wit

7.5

n secondary<BJa]P-d12 spiking solution (7.3).

Secondary B[a]P stock solution: 1 000 ng/ml

Dilu

te-1 'ml of the primary B[a]P stock solution (7.4) into a 100 ml volumetric flask and fill o the mark

wit

7.6

| RI1D 112D et h L7720
LoStiuliudl y DidI~U L4 SPIRIG SUIULIUIT (7.9 ).

Working standard solutions

Prepare six working standard solutions that cover the concentration range of interest. For example,
transfer 100 pl of the secondary B[a]P stock solution (7.5) into a 20 ml volumetric flask and then fill to
the mark with secondary B[a]P-d12 spiking solution (7.3). These solutions have a mass concentration
of approximately 40 ng/ml of B[a]P-d12 and mass concentrations from 2,5 ng/ml to 250 ng/ml of B[a]P.

7.7

Storage of standard solutions

The standard solutions (7.2 to 7.6) are stable for up to four months if stored in the refrigerator at
maximum 4 °C. Laboratories must determine stability under their storage and use conditions.

©IS

02023 - All rights reserved
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8 Preparation of sample

8.1 Sam

pling

Sample the cigarettes in accordance with ISO 8243.

8.2 Smo

king

Condition the samples according to ISO 3402 and smoke the cigarettes according to ISO 20779. Typically,
three cigarettes should be smoked onto a 44 mm diameter glass-fibre filter pad and five cigarettes on

to a 92 mm glass-tibre filter pad. Glass-fibre filter pads of 44 mm diameter are capable of retaining

to 150 mg

If this mas
number of
pad and 20

8.3 Glas

8.3.1 Re
the inside

8.3.2 Tr4g
50 ml for 4

8.3.3 Foy
secondary
add 29 ml

8.3.4 Shg
g

NOTE

Laboratori

8.3.5 Trg
Concentraf
The volum

automatic
process an

§haking up to 60 min has been tested to give equivalent results.

pf total particulate matter (TPM) and glass-fibre filter pads of 92 mm diameter up to.600
s is exceeded, the number of cigarettes shall be reduced. For low tar products;ja-gre
cigarettes may be smoked to achieve a minimum TPM of 10 mg for a 44 mm glass:fibre f
mg for a 92 mm glass-fibre filter pad.

s-fibre filter pad extraction

ove the glass-fibre filter pad from its holder, fold it twice (with'the TPM inside) and W
f the holder with the glass-fibre filter pad. Refer to ISO 20779 for-additional information

nsfer the glass-fibre filter pad to a conical flask (100 mDfor a 92 mm glass-fibre filter |
4 mm glass-fibre filter pad).

a 92 mm glass-fibre filter pad, add 58 ml of cyclohexane to the flask, then add 2,0 n
B[a]P-d12 spiking solution (7.3) with a suitable Syringe. For a 44 mm glass-fibre filter
f cyclohexane and 1,0 ml of secondary B[a]R2d12 spiking solution.

1ke the flask for at least 20 min on the shaker at approximately 200 r/min.

es may change the time of shaking based on a result of extraction efficiency.

nsfer 15,0 ml of solution-to a test tube, for example, a 16 mm x 150 mm test tube.

b of the sample can be adjusted depending on the cartridge dimension and/or the use o
Kystem.sAn automatic system can improve the efficiency and repeatability of the clear
 its use is recommended.

P up
mg.
hter
lter

yipe

bad,

| of
bad,

e the sample by evaporation in a TurboVap® at 60 °C under nitrogen atmosphere and d¢wn
to approximately 3 ml. Adjust the volume to 3 ml with cyclohexane if necessary.

[ an
up

8.4 Sa

1A o

OIS
Pl‘f CICAIL uP

8.4.1 The NH2 SPE cartridge is pre-conditioned before use by passing 5 ml of hexane through it. Care
shall be taken that the cartridge does not run dry.

8.4.2

In the vacuum sample preparation unit, load the 3 ml of sample and collect in a test tube. Let

the extract pass through the NH2 SPE cartridge under vacuum at a flow rate of approximately 2 ml/min
(1 drop per second). Load 5,5 ml of hexane and collect in the same test tube.

8.4.3 Evaporate to dryness using the TurboVap® (5.4) at 60 °C under nitrogen atmosphere. Then add
500 pl of cyclohexane.

Sonicate for 5 min and vortex. Repeat, if necessary, for achieving a homogenous solution.

4
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8.4.4 Transfer the obtained solution into two sample vials (vial inserts may be required) with a
sealed cap and polytetrafluoroethylene (PTFE) faced septum.

NOTE1 The second vial is used in case a repetition of the GC/MS analysis is needed.

NOTE 2  The programme described 8.4.1 to 8.4.4 can be adjusted depending on the SPE system used and SPE
cartridge dimensions.

8.5 Blank solution

Proceed with 8.3 and 8.4 using a new glass-fibre filter pad.

9 [Determination

9.1 GC/MS operating conditions

The following operating conditions for a fused silica capillary column asyspecified in 5.3|have been
found to be suitable for the determination. Conditions and column are regarded as an example.

— Injector temperature: 300°C

— Mode: Constant flow

— Flow rate: 1 ml/min

— Injection mode: Pulsed splitléss, 1 min
— Pressure 200 kPa;*1 min

— Injection: 1l splitless

— Oven temperature programme:;-100 °C for 1 min

16 °C/min to 300 °C
2 °C/min to 315 °C
30 °C/min to 330 °C

Hold at 330 °C for 20 min

— Carrier-gas: Helium
— Transfer line temperature: 330°C
— MS source: 230°C
— MS quad temperature: 150 °C
— Solvent delay: 17 min
— lon traces: B[a]P: m/z 252 [quantification, Dwell (ms): 150] and

250 [confirmation, Dwell (ms): 100]

B[a]P-d12: m/z 264 [quantification, Dwell (ms): 150]
and 260 [confirmation, Dwell (ms): 100]

These chromatographic conditions may be adapted in order to obtain a correct resolution of the B[a]
P,B[a]P-d12 peaks and matrix peaks. A typical chromatogram is given in Annex A.

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=d42ca43ec3def416b8cda34e579701e0

IS0 23906-2:2023(E)

9.2 Calibration

Successively inject each working standard solution (7.6) into the GC/MS system. Record the area of
the B[a]P and the B[a]P-d12 peaks. A calibration curve for B[a]P is generated by calculating a linear
regression equation as a function of the B[a]P to B[a]P-d12 concentration ratios. The intercept of this
regression line should be close to zero and the correlation coefficient shall be higher than 0,995. Use
of a quality control of intermediate concentration after five sample analyses and if the measured
concentration for this solution is different by more than 15 % of the nominal value, then repeat the
calibration procedure.

9.3 Dete
Inject the

of B[a]P in
calibration

Samples th
cigarettes

9.4 Calc

The mass d

Cb

VB(a)p-¢
N, cig
NOTE 1]
or different

10 Repe

An interna
and the CN

- Ll £ DL 1D
rmmauon or pjdjr

sample, calculate the area ratio of B[a]P to B[a]P-d12 peaks and obtain the concéntra
the solution by comparing this ratio with the B[a]P to B[a]P-d12 concentration,ratio in
curve.

at fall above the calibration shall be re-smoked and prepared using ageduced numbe
50 that the prepared sample falls within the calibration range. (see 8.2).

ulation

f B[a]P, m, expressed in nanograms per cigarette, is given by{Formula (1):

V -
| h)x B(a)P-d12

Ncig

is the mass concentration of B[a]P in.the sample solution, expressed in nanograms
millilitre;

is the mean B[a]P concentratiod.in the blanks, expressed in nanograms per millilitre
is the volume of secondary spiking solution (7.3) added to the sample, expressed in millilit
is the number of cigarettes smoked.

'he appropriate modification of the formula is needed if using different spiking concentration, vol
sample extraction, aliquot and final volume.
atability and reproducibility

fiona] collaborative study involving 11 laboratories and six cigarette samples including 1
19 LCORESTA Monitor 9) was conducted in 2020[2], This study included cigarettes wi

Fion
the

r of

M

per

res;

llme

R6F
th a

wide range

ofblends and constructions. The values for repeatability limit, r, and reproducibility li

mit,

R, determined 1n this study are provided in Table 1. The statistical data analysis was done according to
ISO 5725-2 and calculation of r and R according to ISO 5725-6:1994, 4.1.

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 this method.

Single results on matched cigarette samples reported by two laboratories will differ by more than the
reproducibility limit, R, on average not more than once in 20 cases in the normal and correct operation
of the method.

Data analysis for the six cigarette samples gave the estimates as summarized in Table 1.

© IS0 2023 - All rights reserved
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