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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

The CORESTAD Smoke Analytes Sub-Group selected one method using reversed phase high performance
liquid chromatography with fluorescence detection (HPLC-FLD) for the determination of selected
phenolic compounds in cigarette mainstream smoke. Smoke was collected on a glass fibre filter pad and
extracted with a 1 % acetic acid solution.

A CORESTA recommended method (CRM) was writtenll] on the basis of the results obtained in a
collaborative study conducted in 2013 involving 18 laboratories using cigarettes manufactured from a
range of blend styles.

This

I1SO §725-1[2] and I1SO 5725-2[31.

No machine smoking regime can represent all human smoking behaviour.

document is based upon the CRM 78 and includes statistical evaluations carried out

It is recommended that cigarettes also be tested under conditions of a different intensit
gmoking than those specified in this document.

Machine smoking testing is useful to characterize cigarette emissions for design anc
purposes, butcommunication of machine measurements to smokei's can resultin misund
dbout exposure and risk across brands.

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

hccording to

y of machine

| regulatory
erstandings

duct hazard
exposure or
fferences in

1) Available at: www.coresta.org.
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INTERNATIONAL STANDARD ISO 23905:2020(E)

Cigarettes — Determination of selected phenolic
compounds in cigarette mainstream smoke using HPLC-FLD

WARNING — The use of this document involves hazardous materials, operations and equipment.
This document does not purport to address all the safety problems associated with its use. It
is the responsibility of the user of this document to establish appropriate safety and health
practices and determine the applicability of any other restrictions prior to use.

1 $cope

This|document specifies a method for the quantification of selected phenolic\eompounds by high
perfgormance liquid chromatography with fluorescence detection (HPLC-FLD),using ISO 3308 smoking
parameters. The selected phenolic compounds are: hydroquinone, resorcinol,/catechol, phenol, p-Cresol,
m-Crlesol and o-Cresol.

This|method is applicable to cigarettes with total particulate matter (TPM) yields betyveen 1 mg/
cigatlette and 16 mg/cigarette.

2 Normative references

The following documents are referred to in the text.iv such a way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 3308, Routine analytical cigarette-smoking,machine — Definitions and standard conditions
ISO 3402, Tobacco and tobacco products <Atmosphere for conditioning and testing

ISO 4387, Cigarettes — Determination’of total and nicotine-free dry particulate matter usipng a routine
analytical smoking machine

ISO 8243, Cigarettes — Sampling

3 Terms and definitions
No tgrms and defifiitions are listed in this document.
ISO gnd [ECanaintain terminological databases for use in standardization at the following dddresses:

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

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

4 Principle

Selected phenolic compounds are collected by passing the mainstream smoke of cigarettes through a
glass fibre filter pad as specified in ISO 3308 (e.g. Cambridge filer pad, CFP).

The CFP is extracted by a 1 % acetic acid solution. The obtained filtered solution is diluted and analysed
by HPLC-FLD.

© IS0 2020 - All rights reserved 1
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5 Apparatus

The usual laboratory apparatus for use in preparation of samples, solutions and standards and, in
particular, the following.

5.1 Routine analytical cigarette-smoking machine, complying with the requirements of ISO 3308.

5.2 High performance liquid chromatography system, consisting of a binary gradient pump, an

auto sample

r with sampling loop and cooling unit, a fluorescence detector, a data collection system.

5.3 HPLC
or equivalen

5.4 Dispo
5.5 Wrist
5.6 Analyj

5.7 Glass)
actinic red v

column, with pentafluorphenylpropyl (PFPJ stationary phase (€.g. 3 {m, 150 mm X 4,8

t).
sable guard column, such as PFP cartridge (e.g. 4 mm x 3,00 mm or equivalent).
action shaker, or equivalent.

tical balance, suitable for measuring to the nearest 0,1 mg.

olumetric flasks (10 ml, 25 ml and 50 ml).

5.8 Mechanical pipettes with disposable plastic tips.

6 Reage

All reagents

nts

shall be at least of analytical reagent grade.

6.1 Methanol, HPLC grade.

6.2 Acetid
6.3 Hydrg
6.4 Resor
6.5 Catec

acid, HPLC grade.
pquinone, > 99 %.
cinol, > 99 %,

hol, > 99,%

6.6 PhenTl, 99 %.

6.7 p-Cresol, > 99 %.

6.8 m-Cresol, >99 %.

6.9 o0-Cresol, > 99 %.

mm

are, actinic red Erlenmeyer flasks of appropriate volumes with ground glass stoppers,

6.10 Helium, (UHP), if necessary for sparging of HPLC mobile phase or equivalent degassing system.

6.11 Deionised water, with a resistivity > 18 MQ-cm at 25 °C.

© IS0 2020 - All rights reserved
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7 Preparation

7.1 General

Glassware equipment shall be cleaned and dried in such a manner which ensures that contamination
does not occur.

7.2 Preparation of solutions — Acetic acid, with a volume fraction of 1 % solution

Add approximately 3 500 ml of deionized water to a 4 | volumetric flask. Add 40 ml of acetic acid to the

fl k Miscand dalta o +bha ool it dat oo d caoot o
aS [ IVITA AdITU UITULU LU LTIV VUIUIITIC VVIULIT ULIvIriZvu vvalll.

7.3 | Preparation of standards

7.3.1 Primary phenolic compounds stock solutions

Weigh approximately 25 mg of each of the phenolic compounds as described in the Table 1 into
individual 25 ml or 50 ml volumetric flasks and dissolve in 1 % acetic acid-solution (see 7.2).

Table 1 — Preparation of primary phenolic compounds stock solutions

Compound Weight (mg) Purity (%) Final volume Concentration
(ml) (mg/ml)

Hydroquinone 25,0 999 25 1,p00
Resorcinol 25,0 999 50 0,600
Catechol 25,0 99,9 25 1,p00
Phenol 25,0 99,9 25 1,p00
p-Cresol 25,0 99,1 50 0,496
m-Cresol 25,0 99,5 50 0,498
0-Cresol 25,0 99,9 50 0,600

The tables for stock and standdrds given in the Tables 1 to 3 are given as examples. Each laboratory
may [prepare stock and calibration standards at different concentrations based on their samples. The
primary phenolic compounds’stock solutions are stored in the refrigerator and are to be prepared
fresH every two weeks.Each laboratory may perform stability studies to determine the shelf life of the
solutfions.

7.3.2 Secondary phenolic compounds stock solutions

Pipefte predetermined volumes, according to Table 2, of each primary phenolic compounds stock solution
(see J.3.4) into a 50 ml volumetric flask and dilute to volume with 1 % acetic acid solution (s¢e 7.2).

Table 2 — Preparation of secondary phenolic compounds stock solutions

Compound Volume of primary standard (ml) Concentration (pg/ml)
Hydroquinone 0,500 10,00
Resorcinol 0,300 3,00
Catechol 0,500 10,00
Phenol 0,500 10,00
p-Cresol 0,200 1,98
m-Cresol 0,200 1,99
o-Cresol 0,200 2,00

© IS0 2020 - All rights reserved 3
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The solutions are stable for about 5 days if stored in a refrigerator. Each laboratory may perform
stability studies to determine the shelf life of the solutions.

7.3.3 Phenolic compounds working standards

Pipette appropriate volumes of each of the secondary phenolic compounds stock solutions (see 7.3.2)
according to Table 3 into a 10 ml volumetric flask. Dilute to volume with 1 % acetic acid solution (see 7.2).

Table 3 — Preparation of phenolic compounds working standards

Standard level 1 2 3 4 5 6

Volume of decondary standard (ml) 0,2 1,0 2,0 4,0 6,0 8,d)
Hydrpquinone (pg/ml) 0,200 1,000 2,000 4,000 5,99 7,99
Regorcinol (pg/ml) 0,060 0,300 0,599 1,200 1,80 2,40
Cdtechol (pg/ml) 0,200 1,000 2,000 4,000 599 7,99
Phenol (pg/ml) 0,200 1,000 2,000 4,000 5,99 7,9P
p-[Cresol (ng/ml) 0,040 0,199 0,398 0,796 1,19 1,509
m{Cresol (pg/ml) 0,040 0.198 0,396 0,793 1,19 1,59
o-{Cresol (ng/ml) 0,040 0,200 0,400 0,799 1,20 1,600

The solutiops are stable for about 5 days if stored in a refrigerator”Each laboratory may perform
stability studies to determine the shelf life of the solutions.

8 Sampling

Carry out sgmpling in accordance with ISO 8243.

9 Tobacgo product preparation
Condition the cigarettes in accordance with ISO 3402.
10 Sample generation — Smoking of cigarettes

10.1 Genefal

The smoking parameters for which the method has been studied are defined in ISO 3308.

10.2 SmokKing machine setup

An analyticalcigarette-smoking machine according to ISO 3308 is required.

Check and adjust the puff volume drawn by the smoking machine at all channels, in accordance with
ISO 4387.

To determine whether a leak has occurred in the analytical smoking machine setup, use a leak tester. If
the fluid column does not maintain its position but drops, there is a leak in the system.

10.3 Smoking

The cigarettes are smoked according to ISO 3308.

4 © IS0 2020 - All rights reserved
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11 Sample analysis

111

Preparation of sample

After all samples have been smoked following ISO 3308, remove the glass fibre filter pad from the
smoking machine, fold into quarters and place into a 125 ml extraction flask for 44 mm glass fibre
filter pad (or in a 250 ml extraction flask for 92 mm glass fibre filter pad). Add 40 ml of 1 % acetic acid
solution (7.2) for 44 mm glass fibre filter pad (80 ml for 92 mm glass fibre filter pad). Cover the flask
with ground glass stopper, shake the flask until the glass fibre filter pad has disintegrated and filter the
extract through a 0,45 um syringe filter.

NOTH There might be a need to dilute (with 1 % acetic solution) the obtained solutior] so that the
concgntration of phenolic compounds is within the calibration range.
Trangfer an aliquot of the filtered extract to a vial and fill the vial to minimize theheadspade.
11.2 Determination
11.2{1 HPLC-FLD operating conditions
Set upp and operate the HPLC-FLD in accordance with the manufagturer’s instruction.
The following parameters have been found to be suitable for ¢peration.
Chromatographic parameters:
(olumn temperature: ambient
Auto sampler temperature: 4 °C (x2 °C)
Ihjection volume: 10 pl to.20Mul
Mobile phase
Jolvent A: 1 % acetic acidiin deionized water
Jolvent B: 1 % acetic aeid in methanol
Flow}: 0,8 ml/minute
Gradjient (see Table'4)
Table 4 — Example of gradient
Time (min) %A % B
Q 78 22
8 78 22
8,5 55 45
21 55 45
22 0 100
28 0 100
Wavelength programmable fluorescence detector settings (see Table 5).
© IS0 2020 - All rights reserved 5
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Table 5 — Example of FLD settings

Time (min) Excitation wavelength (nm) Emission wavelength (nm)
0,0 280 310
12,4 280 310
12,5 274 298
23,0 274 298
24,0 280 310
28,0 280 310

NOTE
in Annex A.

11.2.2 Calibration

Analyse ead
a linear fun|
obtained foi

The concentration of each phenolic compound in cigarette mainstream smoke samples is quan{
by the external standard method. The identification of each phenolie.€ompound peak in samp
determined|by its comparison with the respective retention times instandards.
11.2.3 Calgulation
The yield of individual phenolic compounds in the mainstream smoke of cigarettes, m; express
microgramg per cigarette is given by Formula (1):
. C;{VXDf
mi=—
NCig
where
C; i the concentration of the(phenolic compound in the diluted sample solution express
ug /ml;
%4 id the volume of 1 % dcetic acid solution used for CFP extraction;
Df  ifthe dilutionfactor;
N, i the number of cigarettes smoked.

The expresg
level of labo

Tle choice of chromatographic conditions is given as an example. A typical chromatogram is pro

ction. Calculate a response factor for each individual phenolic compotnd. The resp
test samples shall fall within the working range of the calibration(eurve.

ionofithe laboratory data depends on the purpose for which the data are required, an

vided

h calibration standard (see 7.3.3). Record the area, generate a calibration curve yising

onse

ified
es is

bd in

M

ed in

d the

Fatery precision. Any further statistical analyses should be calculated and expressed o

rl the

basis of the

aboratory data beforeamny rournding tras takem place:

The yield of individual phenolic compounds in the mainstream smoke of cigarettes is reported in
micrograms per cigarette (ug/cigarette) to the nearest 0,01 pg.

12 Repea

tability and reproducibility

12.1 General

An interlaboratory study was conducted in 2013, involving 18 laboratories and 10 cigarette samples[4l.
This provided data on the measurement of selected phenolic compounds in replicate analyses of 10
samples (see Table 6) performed under ISO 3308 smoking regime. The values for repeatability, r, and

© IS0 2020 - All rights reserved
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reproducibility, R, given in Table 7, were obtained using this method. The statistical evaluation was
performed according to ISO 5725-2.

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.

I'able 6 — Clgarette test samples oI ZU15 collaborative study

Sample Product characterization TPMyield (mg/rigarette)
Sample 1 Dark-air cured product 14
Sample 2 American blended product 9
Sample 3 American blended product 10
Sample 4 Virginia blended product
Sample 5 Virginia blended product 2
Sample 6 Virginia blended product 11
Sample 7 Charcoal filtered/blended product 1
Ky 3R4F Kentucky reference cigarette 3R4F/Americamblend 10
Ky 1R5F Kentucky reference cigarette 1R5F/Ameri¢an blend 2
CM 7 CM 7 test piece/Virginia blend 16

12.2 Results of the 2013 collaborative stady

Calcylated statistical data for selected phenfelic compounds are given in Tables 7 to 13.

Table 7 & Statistical data for hydroquinone

Sample Mean r (ng/cigarette) R (ng/cigarette) Na
(ng/cigarette)

Sample 1 42,78 8,92 13,40 14
Sample 2 36,98 597 10,99 18
Sample 3 46,88 6,72 11,75 18
Sample 4 20,38 2,89 9,49 14
Sample 5 9,30 1,78 3,68 18
Sample.6 46,69 6,31 12,73 16
Sample 7 8,09 1,41 2,97 18
Ky-3R4F 32,84 427 8,67 18
Ky 1R5F 8,45 1,58 3,97 17

CM7 91,82 12,14 23,58 18

a2 Nisthe number of data sets taken for the statistical analysis after removal of outliers.

© IS0 2020 - All rights reserved 7
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Table 8 — Statistical data for resorcinol

Sample Mean (ung/cigarette) r (ng/cigarette) R (ng/cigarette) Na
Sample 1 0,66 0,37 0,67 12
Sample 2 0,80 0,29 0,51 16
Sample 3 0,97 0,29 0,58 16
Sample 4 0,51 0,18 0,30 13
Sample 5 0,35 0,14 0,17 15
Sample 6 1,19 0,22 0,63 15
Sample7 6,12 6,16 6,13 12
Ky 3R4F 0,63 0,19 0,46 15
Ky 1R3F 0,13 0,09 0,14 13

CM 7 1,79 0,52 0,95 17

a2 Nis the nhmber of data sets taken for the statistical analysis after removal of outliers.
Table 9 — Statistical data for catechol

Sample Mean (upg/cigarette) r (ng/cigarette) R (ng/cigarette) Na
Samplg 1 35,30 7,32 7,83 14
Samplg 2 39,87 6,84 9,19 18
Samplg 3 42,61 4,91 7,46 17
Samplg 4 24,17 4,77 7,99 15
Samplg¢ 5 12,89 1,98 2,61 18
Sampl¢ 6 58,19 7,58 11,00 16
Samplg 7 7,84 1,88 2,35 18
Ky 3R4F 36,77 5,02 6,60 18
Ky 1R§F 8,13 1,60 2,25 17

CM 7 96,39 13,39 16,65 18

a2  Nis the nhmber of data sets taken for the statistical analysis after removal of outliers.
Table 10 — Statistical data for phenol

Sample Mean (pg/cigarette) r (ng/cigarette) R (ng/cigarette) Na
Samplg 1 19,97 4,12 5,57 14
Samplg 2 9,64 2,43 4,20 18
Samplg 3 12,47 2,52 393 18
Samplg 4 4,58 1,24 3,30 15
Samplg 5 1,21 0,36 0,77 16
Sample 6 13,91 3,04 4,81 16
Sample 7 0,49 0,29 0,39 13
Ky 3R4F 7,06 1,59 2,64 18
Ky 1R5F 0,93 0,44 0,65 14

CM7 27,60 4,17 9,05 16

a2  Nis the number of data sets taken for the statistical analysis after removal of outliers.

© IS0 2020 - All rights reserved
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Table 11 — Statistical data for o-Cresol

Sample Mean (ng/cigarette) r (ng/cigarette) R (ng/cigarette) Na
Sample 1 5,75 1,22 2,11 14
Sample 2 2,62 0,63 1,18 18
Sample 3 3,30 0,67 1,14 18
Sample 4 1,34 0,29 0,78 15
Sample 5 0,42 0,15 0,31 16
Sample 6 3,40 0,66 1,35 16
Sampte7 8,2t 6;12 68,23 13
Ky 3R4F 2,33 0,54 0,90 18
Ky 1R5F 0,38 0,15 0,25 15

CM7 5,63 0,96 2,08 18

a N isthe number of data sets taken for the statistical analysis after removal of outliers.
Table 12 — Statistical data for m-Crespl

Sample Mean (pg/cigarette) r (ng/cigarette) R-(png/cigarette) Na
Sample 1 3,73 0,77 1,43 13
Sample 2 2,03 0,42 0,99 17
Sample 3 2,50 0,43 0,90 17
Sample 4 1,10 0,23 0,64 14
Sample 5 0,38 0,11 0,23 17
Sample 6 2,78 0,53 0,92 16
Sample 7 0,24 0,10 0,36 13
Ky 3R4F 1,83 0,37 0,61 17
Ky 1R5F 0,32 0,12 0,29 13

CM7 4,57 0,69 1,98 17

a N is the number of data sets takerfor the statistical analysis after removal of outliers.
Table 13 — Statistical data for p-Cresol

Sample Mean (pg/cigarette) r (ng/cigarette) R (ng/cigarette) Na
Sample 1 10,40 2,24 3,16 13
Sample 2 5,44 1,19 2,26 17
Sample'3 6,49 1,07 1,93 17
Sample 4 2,49 0,47 1,47 14
Sample 5 0,88 0,20 0,40 17
Sample 6 6,25 1,02 2,24 16
Sample 7 0,44 0,16 0,39 17
Ky 3R4F 4,56 0,75 1,58 17
Ky 1R5F 0,73 0,27 0,46 16

CM7 12,45 1,63 3,76 17

a2 Nis the number of data sets taken for the statistical analysis after removal of outliers.

© IS0 2020 - All rights reserved
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13 Report

The test report shall state all tested product(s) each with unique identification, reference to the
smoking regime used for sample generation, the yield of selected phenolic compounds in micrograms
per cigarette smoked, and the method used. The test report shall state the method used, and include all
conditions not specified in this document or regarded as optional. All information should be recorded
in fully traceable manner.

10 © IS0 2020 - All rights reserved
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