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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 proceglures 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 neededfor
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).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
URL: www

5 drawn to the possibility that some of the elements of this document may-be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Ihtroduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
Liso.org/iso/foreword.html.

This docun

This secoy
technically

The main ¢
— repeat]
reager
storag
shaker
— Bibliog
Alist of all

hent was prepared by Technical Committee [SO/TC 126, Tobacco and tobacco products.

)d edition cancels and replaces the.fivst edition (ISO 22634-1:2017), which has b
revised.

hanges compared to the previous edition are as follows:

pbility (r) and reproducibility: (R) for B[a]P (ng/cigarette) have been revised;
ts have been modified by’adding helium;

e of standard solutions has been modified;

and filtration'apparatus has been added;

raphy has\peen extended.

partsin the ISO 22634 series can be found on the ISO website.
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| /or

not

And
the
ing

een

Any feedba

ck-or gquestions on this document shonld he directed to the nser’s national standards bo

y. A

complete li

sting of these bodies can be found at www.iso.org/members.html.
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Introduction

Between 1999 and 2003, a task force composed of Cooperation Centre for Scientific Research Relative
to Tobacco (CORESTA) members studied the existing methodologies for the determination of benzo[a]
pyrene (B[a]P) in the mainstream smoke of cigarettes. Several methods have been proposed for this
determination, which are mainly based on two types of analytical methodology: high performance liquid
chromatography (HPLC) with fluorescence detection and gas chromatography/mass spectrometry
(GC/MS). In both cases, it is necessary to purify the total particulate matter (TPM) extract before
performing the chromatography in order to obtain a correct separation of the B[a]P peak.

The
det
red
the
coll

Thi
cou
rep
and

No

task force decided, in the first instance, to develop a method using HPLC withA{]
ection. However, after several collaborative experiments, it appeared that achieving a
iction of the initially observed variability would be technically very difficulty"The
W decided to investigate a GC/MS method as an alternative and was able to demeonstra
hborative experiments, that a lower variability can be obtained with this methodology.

5 document, produced through collaborative experiments involving many laboratorig
htries, provides a procedure for the determination of B[a]P in cigaretté mainstream s
batability and reproducibility of this method have been assessed according to ISO recomy
are included.

machine smoking regime can represent all human smoking behaviours:

[tis recommended that cigarettes also be tested under.conditions of a different intensity
smoking than those specified in this document.

Machine smoking testing is useful to characterize cigarette emissions for design and
purposes, but communication of machine measurements to smokers canresultin misunde
about differences in exposure and risk across brands.

smoke emission data from machinefieasurements may be used as inputs for prod
assessment, but they are not intended to be nor are they valid measures of human e
risks. Communicating differences:between products in machine measurements as dif]
exposure or risk is a misuse of testing using ISO standards.

lorescence
significant
task force
e, through

s in many
moke. The
hendations

of machine

regulatory
rstandings

lict hazard
kKposure or
ferences in
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INTERNATIONAL STANDARD

ISO 22634-1:2019(E)

Cigarettes — Determination of benzo[a]pyrene in cigarette
mainstream smoke using GC/MS — Part 1: Method using
methanol as extraction solvent

WARNING — The use of this document can involve hazardous materials, operations and
equipment. This document does not purport to address all the safety problems associated with

its

health practices and determine the applicability of regulatory limitations prior to use

Thi
mat

Thi
det
and

Thd
con
und

ISO
ISO
ISO

ISO
andq

ISO

No

1se. It 1s the responsibility of the user of this document to establish appropriate

Scope

5 document specifies amethod for the determination of benzo[a]pyrene (Bfa}P) in the total
ter (TPM) of cigarette mainstream smoke using gas chromatography/mass spectrometi
h methanol as extraction solvent.

5 method is specified using ISO 3308 smoking parameters:, An alternative meth
ermination of B[a]P is specified in [SO 22634-2 with a differéntclean-up using cyclohex
a shorter total analytical time.

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. Fogdated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

3308, Routine analytical cigarette-smoking machine — Definitions and standard conditions
3402, Tobacco and tobacco prodiicts — Atmosphere for conditioning and testing
3696, Water for analytical laboratory use — Specification and test methods

4387, Cigarettes — Detepvmination of total and nicotine-free dry particulate matter usin,
lytical smoking machiné

8243, Cigarettes—="Sampling

Termsand definitions

ermsand definitions are listed in this document.

ISO

bafety and

particulate
y (GC/MS)

bd for the
hne solvent

Pir content
pplies. For
[s) applies.

j a routine

and IEC maintain fnr‘minn]ngir‘a] databases forusein standardization atthe Fn"nun'ng ad

dresses:

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

[EC Electropedia: available at http://www.electropedia.org/

Principle

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

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

Smoking of the test cigarettes according to the smoking procedure specified in ISO 4387.

© IS0 2019 - All rights reserved
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Extrac

tion of the TPM, collected on the appropriate glass-fibre filter pad, with methanol.

Dilution of the methanol extract with water.

followed by the elution of B[a]P with cyclohexane.

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

5 Apparatus

Loading of the water/methanol solution onto a cyclohexyl solid phase extraction (CH SPE) cartridge,

The usual laboratory apparatus and equipment and, in particular, the following.

5.1 Rou
and equipy

5.2 Gas
and data a
in order t
gas chrom|
recommen

5.3 Fuse
and a 30 m
analysis.

NOTE

5.4 Rotary evaporator or equivalent equipment.

5.5 Vacuyum sample preparation unit or equivalent equipment.

5.6 Solid
with 1 gis

5.7 Gas
1000 pl

5.8 Geng
glassware ¢

5.9 ShaK

ine analytical cigarette-smoking machine, complying with the requirements, of SO 3
ed for smoking in accordance with I1SO 4387.

Cchromatograph with a mass selective detector, equipped with its gomputerized con
rquisition and processing system. This system shall be able to pilot-the’mass spectrom
b obtain chromatographic data under single ion monitoring (SIM)” detection mode.
htograph shall be configured to perform splitless injections en“a capillary column. |
Hed to equip the gas chromatograph with an autosampler for sample injection.

d silica capillary column, for example a (5 %-phenyl)-methylpolysiloxane stationary p}
length, 0,25 mm internal diameter column with a 0,25\um film thickness are suitable for

ther columns can be used, provided that appropriate’peak separation is obtained.

phase extraction cartridges, cyclohexyl bonded silica phase volume of 6 ml and pac
Suitable.

light syringes or positive displacement pipettes, of capacities 25 pl, 100 pl, 250 pl

ral laboratery equipment, for the preparation of samples, standards and reagents
hall be cleaned before use to avoid any contamination. Amber glassware may be required

ler-and filtration apparatus.

308

trol
bter
The
t is

ase
this

ked

and

All

6 Reagents

All reagents shall be of analytical grade quality.

6.1

6.2

6.3

6.4

Methanol, of known purity, not less than 99 %, CAS 67-56-1.
Water, complying with grade 2 of ISO 3696 or better.
Cyclohexane, of known purity, not less than 99 %, CAS 110-82-7.

Toluene, of known purity, not less than 99 %, CAS 108-88-3.

© ISO 2019 - All rights reserved
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6.5

6.6

6.7

IS0 22634-1:2019(E)

Benzo[a]pyrene, of known purity, not less than 98 %, CAS 50-32-8.
Benzo[a]pyrene-d12, of known purity, not less than 98 %, CAS 63466-71-7.

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

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.

7

7.1

Cer

7.2
Dis
wit
7.3
Dilu
wit
7.4
Dis

mal

7.5

Using a gas syringe, transfer 300 pl of the B[a]P-d12 stock solution (7.4) into a 100 ml volun

and|

7.6

Pre

Standards

General

Lified B[a]P or B[a]P-d12 solutions can be used as reference material.

Primary B[a]P stock solution

olve 10 mg BJ[a]P, weighed to the nearest 0,01 mg, into a 10 ml volumetric flask and fill t
h toluene.

Secondary B[a]P stock solution

te 1 ml of the primary B[a]P stock solution (7.2) intoa 100 ml volumetric flask and fill ¢
h methanol.

B[a]P-d12 stock solution

olve 10 mg B[a]P-d12, weighed to the nearest 0,01 mg, into a 10 ml volumetric flask an
k with toluene.

B[a]P-d12 spiking solution

fill to the mark with-methanol. This solution has a mass concentration of approximately

Working standard solutions

pare six working standard solutions that cover the concentration range of interest. Fg

tra

sfer 20 {ul)of the B[a]P-d12 stock solution (7.4) and 10 ul to 2 000 pl of the secondary

o the mark

o the mark

] fill to the

netric flask
1 pg/ml

r example,
B[a]P stock

solytion (73) into 100 ml volumetric flasks and fill to the mark with cyclohexane. These solfitions have

a

to 200°ng/ml of B[a]P.

ss‘concentration of approximately 0,2 ug/ml of B[a]P-d12 and mass concentrations frg

m 1 ng/ml

7.7

Storage of standard solutions

The standard solutions (7.2 to 7.6) are stable for up to six months if stored below -18 °C. Storage in
amber glassware and away from the light is recommended.

8

8.1

Preparation of sample

Sampling

Sample the cigarettes in accordance with ISO 8243.

© IS0 2019 - All rights reserved
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8.2 Smoking

Condition the samples according to ISO 3402 and smoke the cigarettes according to ISO 4387. Typically,
five cigarettes should be smoked onto a 44 mm diameter glass-fibre filter pad and 20 cigarettes onto a
92 mm diameter glass-fibre filter pad. Glass-fibre filter pads of 44 mm diameter are capable of retaining
up to 150 mg of TPM and glass-fibre filter pads of 92 mm diameter up to 600 mg. If this mass is exceeded,
the number of cigarettes shall be reduced. For low tar products, a greater number of cigarettes may be
smoked on one glass-fibre filter pad to achieve a minimum TPM of 10 mg for a 44 mm diameter glass-

fibre filter pad and 20 mg for a 92 mm diameter glass-fibre filter pad.

8.3 Glas

8.3.1 Remmove the glass-fibre filter pad from its holder, fold it twice (with the TPM inside) and wipe

inside of th
to ISO 438]

8.3.2 Trg
glass-fibre

8.3.3 Foi
of the BJa]
immediate

For a 92 nj
the B[a]P-¢
immediate

8.3.4 Sha
solution th

8.3.5 Wa
diameter g
washing so
diameter g

£21 £:1. 1 2 L
“HDIC HICT PdU €XxUdltiull

e holder with the two separate quarters of an unused conditioned glass-fibre filter-pad. R|
 for additional information.

nsfer the glass-fibre filter pad to a conical flask with stopper (100 ml for'a 44 mm diam
filter pad; 200 ml for a 92 mm diameter glass-fibre filter pad).

P-d12 spiking solution (7.5) with a suitable syringe or micrepipette (5.7). Stopper the fi
y.

m diameter glass-fibre filter pad, add 50 ml of methanol to the flask, then add 400 |
|12 spiking solution (7.5) with a suitable syringe>or micropipette (5.7). Stopper the f

y.

ke the flask vigorously (5.9) until the glass=fibre filter pad has disintegrated and filter
Fough a glass suction filter or using papenfiltration.

sh the glass-fibre filter pad remainder with approximately 15 ml of methanol for a 44

ass-fibre filter pad or 25 ml of methanol for a 92 mm diameter glass-fibre filter pad. Add
lution to the glass-fibre filter'extract and complete to a volume which is: =2 40 ml for a 44
ass-fibre filter pad or = 80 ml for a 92 mm diameter glass-fibre filter pad, with methanol.

the
pfer

pter

a 44 mm diameter glass-fibre filter pad, add 20 ml of methanolto the flask, then add 200 pl

ask

I of
ask

the

mm
this
mm
For

conveniende, bigger final volumes ¢€an be used, but without unnecessarily diluting the solution.

this
1 be

8.3.6 Trqnsfer an aliquot efithe solution obtained from 8.3.5 to a separating funnel. The volume of
aliquot shalll not exceed 40" ml, which is convenient for this procedure. However, a smaller aliquot cal
used in order to shortefirthe elution time during the clean-up step (see 8.4.2).

8.3.7 Ad
then mix. H

| wateFto the funnel in order to obtain a solution containing 60 % water and 40 % methanol,
or example, if an aliquot of 40 ml is used in 8.3.6, add 60 ml of water.

8.4 Sample clean-up

8.4.1 The CH SPE cartridge is pre-conditioned before use by passing 10 ml of methanol through it and
then 10 ml of a mixture of water and methanol (60:40 volume fraction).

8.4.2 In the vacuum sample preparation unit, let the extraction solution (see 8.3.7) pass through the
CH SPE cartridge under vacuum at a flow rate of approximately 2 ml/min (1 drop per second). Rinse the
funnel with 10 ml of a mixture of water and methanol (60:40 volume fraction). Dry the cartridge with a
stream of air for at least 30 min.

8.4.3 Elute the cartridge with 15 ml of cyclohexane (6.3).

© ISO 2019 - All rights reserved
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8.4.4 Reduce the volume of the cyclohexane solution to about 0,5 ml using the rotary evaporator (5.4).
Then add cyclohexane in order to obtain a volume of approximately 1 ml.

In spite of the drying procedure described in 8.4.2, the cyclohexane solution obtained in 8.4.3 can
still contain a significant amount of water and a two-phase solution can be obtained after the volume
reduction prescribed in 8.4.4. In this case, the cyclohexane phase shall be separated from the water
phase before adjusting the final volume to 1 ml. Alternatively, the cyclohexane solution in 8.4.3 may be
dried on a water adsorbent material before volume reduction.

Alternatively, the volume of the cyclohexane solution may be reduced to dryness, then add 1 mL of
cyclohexane, as long as it is proved that results are equivalent.

8.4|5 Transfer the obtained solution into a sample vial with a sealed cap and polytetrafludroethylene
(PTFFE) faced septum.

9 [Determination

9.1| GC/MS operating conditions

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

— |Injector temperature: 290 °C

— |Mode: Constant flow
— |Flow rate: 0,9 ml/min

— [Injection mode: 1 ul splitless

— |Oven temperature programme:  80-°C for 3 min
5 °C/min to 290 °C

hold at 290 °C for 20 min
— |Carrier gas: Helium
— |Transfer line temp€rature: 270 °C
— |MS source: 230°C
— |lon traces: B[a]P: m/z 252 (quantification) and 250 (confirmation)

B[a]P-d12: m/z 264 (quantification) and 260 (confirnjation)

Thegsé-ghromatographic conditions shall be adapted in order to obtain a correct resolution (rf the B[a]P
and B[aJP-dIZ peaks. A typical chromatogram 1s given in ANNex A.

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. Inject
one working standard solution (7.6) after ten 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
and consider reanalysing the ten samples according to internal laboratory procedures.

© IS0 2019 - All rights reserved 5
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9.3 Determination of B[a]P

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

calibration

curve.

If a sample does not show a concentration of B[a]P within the working standards range, a different
number of cigarettes shall be smoked (see 8.2).

NOTE

During a normal analysis sequence, it has been observed by several laboratories that the absolute

value of the B[a]P-d12 peak area can show significant variations. The reasons for this observed variability of the

GC/MS res
result becat

9.4 Calc
The mass d
Cx
N

cil

=<

=

(2]

ig

=~

10 Repe

ONSE MAvVe MOt Deel INVESTIgated tThorougnly. HOWEVET, This PIENoMmenon 1as N0 efect o te
se the internal standard procedure used in this method compensates for these variations.

ulation

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

. XV,

s the mass concentration of B[a]P in the sample solutionséxpressed in
hanograms per millilitre;

s the volume of the sample solution, expressed in-illilitres (V=1 ml);
s the volume of the extraction solution (see 8:3:5);

s the number of cigarettes smoked;

atability and reproducibility

A major in

rlaboratory study invélving 14 laboratories and six samples including the 3R4F (a refersg

e
cigarette p\toduced by the University of Kentucky) and the CM7 (CORESTA Monitor) and covering a y

range of bl
reproducib
was done 3

nds and construetions was conducted in 2014 and the values for repeatability limit, r,
ility limit, R, given in Table 1, were obtained using this method. The statistical data anal
ccording to ¥SOv5725-2 and calculation of r and R according to ISO 5725-6:1994, 4.1.

The differg
the same
average no

Single results on matched cigarette samples reporte

nce between two single results found on matched cigarette samples by one operator u
paratus within the shortest feasible time interval will exceed the repeatability limit, 4
more than once in 20 cases in the normal and correct operation of this method.

s the volume of the aliquot of the extraction solution used during the clean-up (see 8.3.6].

inal

M

nce
ide
and
ySis

bing
on

y two laboratories wi 1Ifer 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.
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Table 1 — Repeatability (r) and reproducibility (R):

B[a]P (ng/test piece; ng/reference product; ng/cigarette)

Test piece sample na Mean value SDb r R
CM7 13 14,91 1,578 1,376 4,558
Reference product n3 Mean value SDb r R
3R4F 14 6,58 0,635 0,433 1,815
Gigarette-sample #7a Mean-value Shh F R
A 13 1,53 0,455 0,305 1,318
B 14 4,77 0,431 0,815 1,378
D 14 6,76 0,578 1,412 1,986
E 13 11,50 1,221 1,302 8,581
a |n=number of laboratories
b 1SD = standard deviation

11|Test report

11.1 General

Thetest report shall state the method used and the results obtained. It shall also mention any operating

confditions not specified in this document or regarded as optional, as well as any circums

may have influenced the results.

The test report shall include all details required for complete identification of the sam

appfropriate, record the information in 11.2o 11.5.

11.2 Characteristic data about the cigarette

All |details necessary for the identification of the cigarette smoked shall be given. In th

conpmercial cigarette, this may)nclude:
— |name of the manufacturer, country of manufacture;

— |product name;

— |packet identifier (of that product sampled that day);

— |marks enany tax stamp;

— |printed mainstream smoke yields (if any);

ances that

ble. Where

b case of a

— length of cigarette;
— length of filter;
— length of overwrap;

— diameter.

11.3 Data about sampling
— Type of sampling procedure

— Number of cigarettes in the laboratory sample

© IS0 2019 - All rights reserved
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— Date and location of sampling

— Kind of sampling point

— Sampli

ng point (e.g. address of retail outlet or machine number)

11.4 Description of the test

— Date of the test

— Type of smoking machine used

— Smoki

hg regime used

— Type of smoke trap used

— Numbgq
— Buttle
— Room

— Relatiy

— Atmos

11.5 Test

The expres
level of lah
laboratory

br of cigarettes smoked into each smoke trap

ngth

femperature (in degrees centigrade) during smoking operation
e humidity (in percent) during smoking operation

pheric pressure (in kilopascals) during smoking operation

results

data before any rounding has taken place.

sion of the laboratory data depends on the purpose for which the data are required and|the
oratory precision. Confidence limits shall bet¢alculated and expressed on the basis of|the

— Amount of B[a]P in the mainstream smoke ‘0f the cigarette (in nanograms per cigarette) to[the

neares

t 0,1 ng.
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