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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

In many countries, the regulation of vapour products requires reporting for nicotine compounds in
emissions. Therefore, there is a necessity to have an International Standard in place to get reliable/
comparable data on nicotine in electronic cigarette emissions.

This document was developed for the determination of nicotine in the aerosol from vapour products
utilizing gas chromatography coupled with a flame ionization detector. The experimental design
parameterslll[2] used to collect the aerosolised vapour should be evaluated and documented for each
analysis.

The glocument is based on the CORESTA recommended method (CRM) 84I[3], which was Wiitten on the
basiq of the results obtained in an interlaboratory study conducted in 2015 involvingd8laboratories[#
and an interlaboratory study conducted in 2019 involving 11 laboratories!2l.
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INTERNATIONAL STANDARD ISO 24199:2022(E)

Vapour products — Determination of nicotine in vapour
product emissions — Gas chromatographic method

1 Scope

This document specifies an analytical method to quantify nicotine of collected vapour product
emispions by gas chronratography:

2 Normative references

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

ISO 40768, Vapour products — Routine analytical vaping machine — Definitions and standard conditions

1SO 24197:—,YVapour products — Determination of e-liquid vapo¥ised mass and aerosol collefted mass

3 Terms and definitions
For the purposes of this document, the following ternis'and definitions apply.
ISO gnd [EC maintain terminological databases-for use in standardization at the following dddresses:

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

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

31
vapqur product
devi¢e intended for human use,-which normally contains electronic components that vaparize a liquid
to generate an aerosol cagried’by the air drawn through the device by the user

[SOURCE: ISO 20768:2018, 3.1, modified - Note 1 to entry has been removed]

3.2
e-liquid
liquid or gel>consumable which may or may not contain nicotine intended for transformdtion into an
aerosol and-then inhaled with an electronic nicotine delivery device

[SOURCE: ISO 20714:2019, 3.1]

3.3

aerosol collected mass

ACM

mass of aerosol collected on a glass fibre filter pad resulting from the operation of a vapour product by
a routine analytical vaping machine after a defined number of puffs

Note 1 to entry: Routine analytical vaping machine is covered by ISO 20768.

1) Under preparation. Stage at the time of publication: ISO/DIS 24197:2022

©1S0 2022 - All rights reserved 1
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3.4
puff block
finite series of sequential puffs as defined by the user or by the test request

EXAMPLE Puff block 1: puffs 1 to 50, puff block 2: puffs 51 to 100, puff block 3: puffs 101 to 150.

4 Principle

The vapour product emissions shall be generated and collected as described in ISO 20768. The aerosol
collected mass is determined gravimetrically. The collected matter is then extracted with isopropanol
solution containing internal standard(s) The nicotine content of an aliquot of the solution is determined

by capillary
standard c3
are express
warranted.
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Internal standards of high purity, quihaldine (CAS 91-63-4) or n-heptadecane (CAS 629-

gas chromatography with flame ionization detection (GC-FID), and quantitated by ifit
libration. The nicotine content in the vapour product emissions is calculated, [Re
bd as the weight of nicotine per puff, per aerosol collect mass (ACM), or per puff blo

nts

gents of recognized analytical grade.

er gas, helium (CAS 7440-59-7), nitrogen (CAS 7727-37-9);or-hydrogen (CAS 1333-74{

jary gases, air and hydrogen (CAS 1333-74-0) of high purity for the flame ioniz

ppanol (CAS 67-63-0), minimum purity 99 %; used with internal standard(s) to prepar
plution.

f less than 99 %.

e (CAS 593-45-3) or otherappropriate internal standards may be used after assess
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ty and determination thatthe internal standard does not co-elute with other compoments

le extract. The peak area of the internal standard on samples should be monitore
In cases where inconsistencies are found, analysis of a prepared sample solution wif
standard should-be performed to confirm the absence of a peak in the extract eluting 4
s the internabstandard.

ction solution, isopropanol (5.3) containing an appropriate concentration of the int
4), this'is normally in the range of 0,1 mg/ml to 1,0 mg/ml.

d for
hout
tthe

brnal

5.6 Refer

1 2 . . LOAC [ 4 4.4 [~ £1 . 1 1 raValWawi 1 .
IICC SUDSLAIILE, [TICOLHIE ([LAS OF=11°0] O KIIOWIT pUrity Mot 1€5s tdIl 76 70, OI' SUIUL

n of

nicotine certified reference material. Nicotine salicylate (CAS: 29790-52-1) of known purity not less
than 98 % may also be used. Store the reference substance at a temperature in accordance with the
manufacturer’s recommendation.

The purity of the nicotine or nicotine salicylate may be verified in accordance with 1SO 13276[8! or by
any other validated method.

5.7 Calibration solutions.

Prepare a series of at least five calibration solutions with concentrations that cover the range of
expected levels to be found in the test portion by adding weighed amounts of nicotine (5.6) to the
extraction solution. The suggested concentration range is 0,05 mg/ml to 2,0 mg/ml.
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Store these solutions between 2 °C to 8 °C and exclude light.

Solutions shall be allowed to equilibrate to ambient temperature before use.

Stability and storage time should be evaluated by the laboratory.

NOTE (22 £ 2) °Cis generally found appropriate for ambient temperature.

6 Apparatus

Usua

| laboratory apparatus and, in particular, the following items.

6.1
systg

6.2

DB-A
satis

Alter
peak
samy

6.3

The 4
ISO 4

Stan
may

7 1

7.1
All t

products with rechargeable batteries should be fully charged before the test.

7.2

Glasg{
of pr

Gas chromatograph, equipped with a flame ionization detector and a suitable|,dz
m.

Capillary column.

LC12) capillary column (30 m length; 0,32 mm ID; 1,8 um film thickness) has been
factory.

native capillary columns (e.g. a WAX? column or a DB-6242 celimn) may be used provi
s for solvent, internal standard(s), nicotine, propylene glycol,‘glycerol and other compg
le extract are well resolved which can require optimization of the instrument conditi

Vaping machine.

herosols shall be generated on a vaping machine in accordance with the specifications
0768.

Hard conditions for puff duration and the puff profile are described in ISO 20768, other
also be used.

Procedure

Preparation of test samples

ne vapour products’shall be tested under the test atmosphere according to ISO 20

Glass fibye filter pads handling

fibrefilter pads shall be stored in the test atmosphere for a minimum of 24 h prior to de
p-testing weights.

ta handling

found to be

ded that the
nents in the
ns.

Hescribed in

parameters

768. Vapour

termination

For all operations, the operator shall prevent contamination from the fingers by wearing gloves of a
proper material (powder free). Between operations, a glass fibre filter pad holder cap, if available, may
be installed to prevent water loss or uptake. Glass fibre filter pads shall be processed as quickly after
collection as is feasible to prevent uptake or loss of water.

7.3

Aerosol collection and sample preparation

The tested vapour product shall be operated in accordance with the manufacturer recommendations.
Set up the aerosol trap system in accordance with ISO 20768, and collect the aerosol onto glass fibre
filter pads in accordance with ISO 24197:—.

2) DB-ALC1, WAX and DB-624 are examples of suitable products commercially available. 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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Aerosol collected mass (ACM) shall be determined gravimetrically in accordance with ISO 24197:—.

For each glass fibre filter pad, open the holder and remove glass fibre filter pad with forceps. Fold the
pad twice with the aerosol side toward the inside of the folds by careful handling of only the edge of
the glass fibre filter pad. Wipe the holder with the folded unused side of the glass fibre filter pad and
transfer to a single sample vessel for extraction. Alternatively, wipe the inside of the filter holder front
with two separate quarters of an unused conditioned filter pad and combine these in the same sample

vessel.

7.4 Testportion

Extract each glass fibre filter pad using a suitable container and a fixed volume of the extraction sel
(5.5) of 20 ml for a 44 mm pad, or 50 ml for a 92 mm pad, ensuring that the pad is fully covéred

1tion
The

volume of extraction solution (5.5) may be adjusted to give a concentration of nicotine appnopriate for

the calibrat

Analysis shquld be performed as soon as possible. The stability and storage time of therextracts sh
evaluated by the laboratory.

In instance;s
dilute the s
quantitate t

7.5 SettitLg up the apparatus

Set up the g
instructions
well resolve]

Suitable ops
— Ovente
— Inif

— Init

— Tempperature ramp A: 15 °G/min;

— Fin

— Temperature rampB+40 °C/min;

— Fin

— Fin

on graph (see 7.7) provided that there is adequate volume for effective extragtion of

he samples.

paratus and operate the gas chromatograph (6.1) i-accordance with the manufacty

. Ensure that the peaks for nicotine, internal standard(s) and other aerosol component
d.

rating conditions are as follows.
mperature profile:
ial temperature: 90 °C;

jal hold time: 1 min;

nl temperature A: 120-°C;

h] temperature B: 280 °C;

h1 hold €ime B: 2 min;

ACM.
11l be

where the samples exceed the upper limit of calibration, it is recommended to dither
nmples with the extraction solution (5.5) or adjust the calibration-range appropriatgly to

rer’s
S are

— Injectio

htemperature: 250 °C;

— Detecto

r temperature: 275 °C;

— Injection volume: 1 pl;

— Injection mode: split;

— Split ratio: 25:1;

— Carrier

gas: helium, at a flow rate of 3 ml/min.

Optimize the gas chromatography conditions for analytes’ separation and sensitivity. Once optimized,
the same gas chromatography conditions shall be used for the analysis of all the standards and samples.
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Calibration of the gas chromatograph

Inject an aliquot (1 ul) of each of the calibration solutions (5.7) into the gas chromatograph. Record the
peak responses (e.g. area or height) of nicotine and the internal standard(s) (5.4).

Calculate the ratio of the nicotine peak to the internal standard peak from the peak response data for
each of the calibration solutions. Plot the graph of the response ratios in accordance with the nicotine
concentrations, and calculate a linear regression equation (response ratios according to the nicotine
concentrations) from these data. The graphs should be linear and the regression lines should not
be forced through the origin. A calibration solution should be run as a check standard periodically
throughout the analysis sequence to verify that the calibration curve remains valid.

7.7

Determination

Inject an aliquot (1 ul) of the test portion (7.4) into the gas chromatograph. Calculate the
nicotline peak/internal standard peak from the peak response data.

8

Expression of results

ratio of the

The agmount of nicotine in the test portion is determined in mg/ml using the graph or lineaf regression
equation prepared in 7.6. Ensure that the values lie within the range of the standards preps:

The test results are expressed in mg/mg ACM, mg/puff, mg/puft block, mg/total puffs or m
as inflicated by study design.

Example calculations are given below by Formula (1).and Formula (2):

ired in 5.7.

v /per device

N= ¢ % @8]
Mpcm
where
N is the nicotine content, i“'mg/mg ACM;
A is the nicotine coneentration obtained from the calibration curve, in mg/ml;
Macm i the mass gfaerosol collected mass, in mg;
4 is the velume of extraction solution added to the sample (20 ml for 44 mm glags fibre filter
pads,n 50 ml for 92 mm glass fibre filter pads), in ml.
C
V=3V (2)
wherre
N is the nicotine content, in mg/puff;
C is the concentration obtained from the calibration curve, in mg/ml;
P is the number of puffs collected;
4 is the volume of extraction solution added to the sample (20 ml for 44 mm glass fibre filter

pads, or 50 ml for 92 mm glass fibre filter pads), in ml.
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9 Repeatability and reproducibility

9.1 General

The repeatability and reproducibility data given in this document has been generated with the devices
stated below. Other devices with higher performance variances can influence the data variability.

9.2 Results of an interlaboratory study (Study 1)

An international collaboratlve study was Conducted in 2015, involving 18 laboratorles and four

commercial
Aerosol fro

each dev1ce Was collected in three puffblocks (10 then 20 then 50 puffs) The nlcotlne yield

ofe)(2].

for each sample was calculated for 80 puffs. Each laboratory provided 5 to 8 replicate detexminations

for each sa

and is presented in Tables 1 to 3.

Table 1 — Repeatability and reproducibility limits (mg/80 puffs) for\Study 1

ple. The statistical evaluation was performed according to ISO 5725-5[Z1 and 150 135282

Mean value Repeatability limit RepI‘OfIlU(-:lblllty as a percentage
limit of mean valule
Sample Code r B . A
mg/collection 0 o
mg/collection mgYcollection %
B 2,59 0,93 1,28 36,00 49,40
C 4,86 1,97 2,43 40,50 50,p0
D 3,20 1,10 1,26 34,40 39,40

NOTE SamplelA, B, C and D were commercial vapour products and the'e-liquid of sample A did not contain nicotine.

Table 2 —+ Repeatability and reproducibility limits (% mass fraction) for the e-liquid contfol
sample (sample F) for Study 1
Mean value Repeatability limit ReprOfiueibility as a percentage
limit of mean value
Sample Code

o r R r R
° % % % 9

F 2,08 0,09 0,31 4,37 14{8

Table 3 —|Repeatability.and reproducibility limits proportioned to ACM (% mass fraction) for

Study 1
Mean ACM Mean value Repeeta.blllty Repro@uelblllty as a percentage
limit limit of mean value
Sample CTde

mog/collection % of ACM r R r s

il % % % %
B 127 2,03 0,11 0,45 5,20 22,20
C 109 4,40 0,29 0,75 6,50 17,10
D 142 2,25 0,14 0,50 6,20 22,10

NOTE Sample A, B, C and D were commercial vapour products and the e-liquid of sample A did not contain nicotine.

9.3 Results of an interlaboratory study (Study 2)

An international collaborative study was conducted in 2019, involving 11 laboratories[3]. This study
was conducted for the evaluation of the Aspire Nautilus™ Tank3) with a 1,8 Q tank coil and Evolv™

3) Aspire Nautilus™

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 of this product

6
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