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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

At the outset of this work, discussions in the CORESTA (www.coresta.org) Special Analytes Sub-Group
(since 2017 the Sub-Group changed its name to Smoke Analytes) determined that mostlaboratories used
a method involving derivatization of carbonyls with 2,4-dinitrophenylhydrazine (DNPH) because they
considered it the most suitable. This was chosen as the basis of the CORESTA Recommended Method
(CRM). The CRM comprised smoke collection in impinger traps, derivatization of carbonyls with DNPH
followed by their determination using reversed phase High Performance Liquid Chromatography with
Ultra Violet or Diode Array Detection (HPLC-UV or HPLC-DAD).

InitigHeirt-experimentsand-ongeinsdiseussions-addressed-someeth sieal-aspeetsithat needed
to bg evaluated before the drafting of a CRM. This method was produced through a colldbojrative study
undgrtaken in 2010 involving 15 laboratories from 11 countries using the ISO 3308 sioking regimelll.
Further data are provided for the same selected carbonyl compounds from 10 samples with different
tar yjelds from the collaborative study in 2012, which involved 19 laboratories ffem 11 countries[2].

This|method includes recommendations about some of the critical steps that'should be dontrolled to
provjde data as robust and consistent as the repeatability and reproducibility data provided in the ISO
document. Statistical evaluations were carried out according to ISO 572531 and I1SO 5725-2{3].[4].

No machine smoking regime can represent all human smoking behaviour.

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

— Machine smoking testing is useful to characterizezcigarette emissions for design and regulatory
purposes, butcommunication of machine measurements to smokers canresultin misunderstandings
about differences in exposure and risk across-brands.

— $moke emission data from machine measurements may be used as inputs for profluct hazard
jssessment, but they are not intended to-be nor are they valid as measures of human jexposure or
fisks. Communicating differences between products in machine measurements as differences in
exposure or risk is a misuse of teStinig using ISO standards.
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Cigarettes — Determination of selected carbonyls in the
mainstream smoke of cigarettes — Method using high
performance liquid chromatography

WARNING — The use of this document can involve hazardous materials, operations and
equlpment ThlS document does not purport to address all the safety problems assoc1ated with
its use bg j & : appropriate safety and

heal th practlces, and determlne the appllcablllty of any other restrlctlons prior to‘use.

This| document specifies a method for the determination of selected carbonyls (fo
acetdldehyde, acetone, acrolein, propionaldehyde, crotonaldehyde, 2-butanoné and n-butyr
their] 2,4-dinitrophenylhydrazones in mainstream smoke using reversed-phase HPLC-UV/D

This|method is applicable to cigarettes with nicotine-free dry, particulate matter (NF
between 1 mg/cigarette and 15 mg/cigarette using reversed phase HPLC-UV/DAD.

2
The

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the refefénced document (including any amendme

ISO 3

ISO 3402, Tobacco and tobacco products:== Atmosphere for conditioning and testing

ISO

analytical smoking machine

ISO §243, Cigarettes — Sampling

No t¢rms and definitions are listed in this document.

ISO gnd [ECmaintain terminological databases for use in standardization at the following z

4

$cope

Normative references

following documents are referred to in the text.in such a way that some or all of t

4387, Cigarettes — Determingtion of total and nicotine-free dry particulate matter usi

Terms and definitions

308, Routine analytical cigarette-smoking machine — Definitions and standard conditions

'maldehyde,
hldehyde) as
AD.

DPM) yields

heir content
applies. For
hts) applies.

ng a routine

ddresses:

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

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

Principle

Cigarettes are smoked on a standard smoking machine as specified in ISO 3308 that has been fitted
with impingers, but without a glass fibre filter pad as described in ISO 3308 (Cambridge filter pad; CFP,
for example of equivalent product) and the filter pad holder, under the ISO 3308 smoking regime.

The carbonyls in mainstream tobacco smoke are trapped by passing each puff through an impinger
device containing an acidified solution of 2,4-dinitrophenylhydrazine (DNPH) in 1:1 acetonitrile:water.

An aliquot of the smoke extract is then syringe-filtered and diluted with 1 % tris-(hydroxymethyl)-
aminomethane in aqueous acetonitrile.

© ISO 2018 - All rights reserved
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The samples are subjected to analysis using reversed phase HPLC-UV or HPLC-DAD.

5 Apparatus

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

5.1 Equipment for conditioning of tobacco products.

5.2

5.3

5.4

5.5

impinger so

5.6

5.7

5.8

5.9

2 000 pl.

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

5.19

Equip

ment for butt length marking.

Equipment for smoking of tobacco products, complying with ISO 3308.

Impin

Erlen

Polyv
Analy
Ambe

Glass

gers for trapping mainstream smoke.

meyer flasks, of capacities 150 ml, with ground glass stoppers, (or equivdlent for comb

utions).
nylchloride (PVC) tubing, suitable for connection of the trapping system.
tical balance, capable of measuring to four decimal plages.

r glass volumetric flasks, of capacities 10 ml, 2541}, 200 ml, 1 1and 2 1.

ining

micropipettes, of capacities 50 pl, 100 pl, 150 ul, 300 pl, 400 pl, 500 pl, 800 pl, 1 000 Wl and

Volumetric pipettes, of capacities 1 ml, 2@nl, 5 ml, 6 ml, 7 ml, 8 ml and 20 mlL

Glass
Dispe]
Hotp
Syring

Dispo

graduated measuring cylinders, of capacities 25 ml, 50 ml and 100 ml.
nser, capable of delivering 35 ml.

ate/stirrer.

pe filter, 0,45 um PVDF or equivalent.

sablesyringes, 5 ml.

Disp

Rubber bulbs.

Autos

HPLC

ampler vials, caps and PTFE faced septa.

system, consisting of:

— tertiary gradient pump;

— auto-sampler with appropriate sampling loop;

— UV and/or DAD detector;

© ISO 2018 - All rights reserved
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— data collection system;

— LC column: 250 mm x 4 mm, 100 A, Reversed Phase (RP) 18e (5 pm), or equivalent;
— disposable guard column: 4 mm x 4 mm RP 18e (5 pm), or equivalent;

— vacuum filter;

— amber glass bottles 11and 4 |;

— desiccator;

d L s 10
- Cedostl (UpPLIUlIAlj).

6 Reagents

6.1 | Acetonitrile, MeCN, HPLC grade.

6.2 | Isopropanol, IPA, HPLC grade.

6.3 | Ethyl acetate, HPLC grade.

6.4 | Tetrahydrofuran, THE, HPLC grade.
6.5 | Ethanol, HPLC grade.

6.6 | Phosphoric acid, 85 %.

6.7 | Deionized water, resistivity > 18,0 MQ:cm at 25 °C.
6.8 | Formaldehyde-DNPH, min. 99\%.
6.9 | Acetaldehyde-DNPH, miny99 %.
6.10( Acetone-DNPH, min..99 %.

6.11| Acrolein-DNPH, min. 99 %.

6.12| Propienaldehyde-DNPH, min. 98 %.

6.13| €rotonaldehyde-DNPH, min. 99 %.

6.14 2-Butanone-DNPH, min. 98 %; methyl ethyl ketone-DNPH derivative.
6.15 n-Butyraldehyde-DNPH, min. 99 %.
6.16 Tris-(hydroxymethyl)-aminomethane, ACS reagent gradel).

6.17 2,4-Dinitrophenylhydrazine (DNPH).

1) A reagent that meets the requirements of the American Chemical Society (ACS) Committee on Analytical
Reagents.

© ISO 2018 - All rights reserved 3
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6.18 Helium, (UHP), if necessary for sparging of HPLC system mobile phase or equivalent degassing

system.

7 Preparation

7.1 Preparation of glassware

Glassware shall be cleaned and dried in such a manner as to ensure that contamination from glassware
does not occur.

All possible
bottles).

7.2 Preparation of solutions

7.2.1 DNH

Add approx
85 % phosp

Make up the
Weigh appr
2 1 amber v{
flask. Make
WARNING -
If using re-c

After the D
Dilute to vd
addition of

The addition of acid or water will cool'the solution and may initiate the precipitation of the DNPH

the acid or
and to prevd

Store the solution in a 4 1 amber*bottle at room temperature in the dark to prevent or significantly reg

the chances

7.2.2 Tris
aqueous sol

Dissolve 2,0
flask. Dilute

sources oI contamination shall be removed Irom the work area (e.g. acetone solvent

H solution (using phosphoric acid)

mately 150 ml deionized water to a 200 ml volumetric flask, théncarefully add 28
horic acid and mix the solution.

solution to volume with deionized water.

ximately 6,8 g (24,0 mmol should be achieved) of DNPH, (approximately 30 % water) i
lumetric flask and add 1 1 of acetonitrile. Dissolve DNPH by alternately gently swirlin|
ure there are no crystals remaining.

— Do not sonicate as a precipitation of DNPH may occur.
rystallized DNPH, weigh 4,8 g to achieve the same molarity (see Annex A).

NPH is dissolved, add 58 ml of the diluted phosphoric acid solution while gently mi
lume with deionized water. The ¢olour of the solution will become bright orange
he deionized water.

Uater slowly. Gentle swifling may be required to maintain the solution at room temper;
nt the precipitation 6f DNPH. If crystals appear, do not sonicate.

of DNPH precipitation. This solution, if properly sealed, will remain stable for one weel

-(hydroxymethyl)-aminomethane dilution solution, 80:20 (volume fraction), MeCN
itions

Wwash

m] of

toa
the

Xing.
Lipon

Add
iture

duce
K.

1%

0*gof tris-(hydroxymethyl)-aminomethane in 200 ml of deionized water ina 1 1 volum

etric

to volume with acetonitrile.

Store in a 1 l amber bottle with PTFE-lined cap or equivalent at ambient temperature.

7.3 Preparation of standards

7.3.1 HPLC calibration standards and working solutions

The calibration should cover the concentration range of interest.

© ISO 2018 - All rights reserved
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7.3.1.1 Primary carbonyl standards

Weigh the hydrazones as described in Annex B into individual 25 ml volumetric flasks and dissolve in
acetonitrile. Record the concentrations of the free aldehyde equivalents in ug/ml.

These solutions have been shown to be stable for up to one year when stored at approximately 4 °C.
Stability and storage time should be checked by the laboratory.

7.3.1.2 Secondary carbonyl standards

Pipette predetermined volumes (Annex B) of each primary hydrazone standard into a 25 ml volumetric

flask

Storé

7.3.2

Take
to 10
(see]

Tran

The

to ad
carb
signa

Thes
and 4

8

Carr

9
Cond

10 3

andditute to the mark withracetomnitrite:

at approximately 4 °C. Stability and storage time should be checked by the laboratory

Carbonyl working standards
appropriate volumes (0,050 ml to 10 ml) of the secondary carbonyl standard (Z7.3.1.7
Annex B).
sfer to auto-sampler vials.

alibration range described in Annex B has been shown to/b€ suitable; however, it can &
just the calibration range depending on factors such as-the number of cigarettes smq
bnyl yields of the test cigarettes. The user shall ensure'the low calibration standard ha

e solutions have been shown to be stable for;20 days when stored at approximately 4
torage time should be checked by the laboratory.

bampling

7 out sampling in accordance with 1SO 8243.

Tobacco product preparation

ition the cigarettesin accordance with ISO 3402.

pample generation — Smoking of cigarettes

10.1 General

1 to noise ratio for accurate quantitation (210:1).atfd that the calibration curve is lineaf.

) and dilute

ml with acetonitrile to prepare calibration standards with approximate carbonyl comcentrations

e necessary
ked and the
b a sufficient

°C. Stability

The $meking parameters for which the method has been studied are defined in ISO 3308, Ske Table 1.
Table 1 — Smoking parameters for ISO smoking regime
Puff volume Puff frequency Puff duration Ventilation blocking
Smoking regime
(ml) () ©) (%)
ISO 3308 35 60 2 0

10.2 Smoking machine setup

An analytical cigarette smoking-machine complying with the requirements of ISO 3308 is required

with

© ISO

the following modifications as detailed below.
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No filter pad is required in the set up and therefore puff count information is the only means of
monitoring whether the smoking process is controlled.

Add 35 ml of DNPH solution to each impinger. Assemble the carbonyl mainstream apparatus on the
smoking machine without using the filter pads and filter holders (Figure 1).

A volume other than 35 ml of DNPH solution may need to be added to each impinger depending on the
particular style of impinger used.

Check and adjust the puff volume drawn by the smoking machine at all channels at the cigarette end of
the port as described in ISO 4387 with the impingers and DNPH in line.

W 2

{ Ei%

e B

Key
1 attached|to tubing leading to piston
2 back of digarette holder

Figure 1 — Example of a suitable trapping system

Since there
this method
the trappin

is no standard impinger design, trapping efficiency shall be verified when valid
. The trapping system should effectively trap 95 % of the analytes of interest. To g
b efficiency of the method, add an additional backup impinger and follow the mq

ating
heck
thod

accordingly.
detected in
the carbony
impinger or

Analyse each impinger individually for the compounds of interest. If no compound
the backap‘impinger then only the prescribed number of impingers is required to trg
Is effectively. Breakthrough or poor trapping efficiency can be due to the design g
cigdrettes with high carbonyl yields.

5 are
ip all
f the

To determi

Latl ] 1- 1 3 £l 13 L 3 3 4+ ] 1o &
C VWIICLIITT dA1CdNi 11Ids ULTUIr1tu 111 LT DLllUI\llls IIIAdUCITITIT llllylllscl DCLL{P’ UustT a ICTAdniN tCOS

the fluid column does not maintain its position but drops then there is a leak in the system.

10.3 Smoking

10.3.1 General

ter. If

The cigarettes are smoked according to ISO smoking regime in ISO 3308 with the modifications given
in 10.3.2 and 10.3.3.

10.3.2 Linear smoking

Two cigarettes are smoked per replicate.

© ISO 2018 - All rights reserved
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10.3.3 Rotary smoking

Five cigarettes are smoked per replicate.

The number of cigarettes smoked may be adjusted to bring the samples within the calibration range.

11 Sample analysis

11.1 Preparation of mainstream smoke extract solution

Rinse v e g g 3
positiive air pressure, then with negative air pressure until air is drawn back th

1 e T UlU U UAY U & C UlU U 9, U

e.g. by using
lution.

rough thés

Repdat this rinsing procedure at least three times for each impinger to dissolve any $mok¢q condensate

in the gas transfer lines.

Alloy the DNPH smoke extract solution to sit for five to 30 minll] before continuing fith sample

preppration.

Pipefte 5 ml of 1 % tris-(hydroxymethyl)-aminomethane solution into a10 ml volumetric flask.

Add

t ml of syringe-filtered DNPH smoke extract to the volumetric flask.

Fill yp to the mark with tris-(hydroxymethyl)-aminomethatie solution and mix the volumetric flask

well[Transfer a portion of this solution to an auto-sampler vial.
Cap the vials with PTFE faced septa and store at ambient temperature until analysed.

Repeat above steps for each smoke extract sample;
11.2 Reversed phase high performanceliquid chromatography

11.2}]1 Chromatographic conditions

Thesge settings are detector-dependent. In order to achieve a linear response over the cqncentration

rangg of analytes of interest modification can be necessary.

EXANMPLE

— (olumn temperature: 30°C

— Auto-sampler'tfay temperature: ambient
— Injection‘'velume: 20 ul

— V. ox DAD detection: at 365 nm

11.2.2 Mobile phase reagents

Solvent A: Prepare 2 1 of 30 % acetonitrile, 10 % THF, 1 % IPA in deionized water, filter and degas
(UHP helium sparged)

Solvent B: Prepare 2 1 of 65 % acetonitrile, 1 % THF, 1 % IPA in deionized water, filter and degas
(UHP helium sparged)

Solvent C: Acetonitrile (UHP helium sparged)

NOTE Depending on column differences or resolution of the analytes, adjustments to the mobile phase
can be necessary.

Sample wash: Solvent A

© ISO 2018 - All rights reserved 7
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11.2.3 HPLC separation conditions

Standards and samples are analysed by HPLC operated at a flow rate of 1,5 ml/min (Table 2). The

injection volume is 20 pl.

Table 2 — HPLC Mobile phase gradient

Time (min) Composition
0,0 100 % A 0%B 0%C
8,0 70 % A 30%B 0%C
26;6 A7 A 5398 6-96€
27,0 0%A 100 % B 0%C
30,0 0%A 0%B 100 %|C
32,0 0%A 0%B 100% C
34,0 95% A 5%B 0%C

MetHod end — — —

Equilibrage for 10 min 100 % A 0%B 0%C

The chromaltographic conditions can be different for different instrument ¢onfigurations and columns.
However, aq a general system suitability check, the elution pattern sheuld be similar to the example
chromatograms shown in Annex C (Figure C.1) and Annex D (Figured.1).

11.3 Calculation

11.3.1 Calibration curve

Generate a dalibration curve for each individual carbonyl by plotting standards peak areas against|their
respective goncentrations.

11.3.2 Sample quantification

The concentration of selected carbonyls'in smoke samples is quantified by the external standard
method. An|example of a typical chromatogram is shown in Annex D. The identification of peaks|is by
comparison|of retention times with standards, and the spiking of smoke samples.

Carbonyl cohcentrations areseported in micrograms per millilitre by the chromatography software.

The amount]of carbonyl yields in the mainstream smoke of cigarettes, m., expressed in microgramis per
cigarette, is|given by Farmula (1):

K
N

M

C

m :[A]d

cig

where

[A] isthe concentration of the analyte, in micrograms per millilitre, from the linear regression
reported by the software;

d  isthe dilution factor (final volume/aliquot volume);
V  isthe impinger volume;
N¢ig is the number of cigarettes smoked.
NOTE It was observed that under the conditions chosen for the derivatization an isomerization of

acetaldehyde hydrazone occurs. The resulting additional isomer can be separated by HPLC and elutes under the
described separation conditions in front of the main isomer (Annex D).

8 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=b37a07d5a5f552d163ab8286e4fb6433

IS0 21160:2018(E)

For the calculation of acetaldehyde yield, the area of both isomers should be calculated to obtain correct

resul

ts.

If the carbonyls yields are above the top calibration standard, and the trapping efficiency was
demonstrated to be sufficient, the sample should be diluted to fit into the calibration curve and re-
analysed. It is recommended to dilute the sample using the same DNPH trapping solution and base (in
the same ratio as in the sample).

The expression of the laboratory data depends on the purpose for which the data are required, and the
level of laboratory precision. Any further statistical analyses should be calculated and expressed on the
basis of the laboratory data before any rounding has taken place.

Carb
be rdg

12 ]

12.1

A co
This
10 s
repe
stati

12.2

pnyl yields in the mainstream smoke of cigarette in units of microgram per cigaretté)(
ported rounded to the nearest 0,1 pg.

Repeatability and reproducibility

General

laborative study was conducted in 2012 involving 19 laboratories and 10 cigaref
provided data on the measurement of the same selected earbonyls in five replicate
hmples (see Table 3) performed under the ISO smoking pegime (ISO 3308). The \
htability, r, and reproducibility, R, given in Tables 4 to‘d1, were obtained for this 1
Stical evaluation was performed according to ISO 5725:2.

Table 3 — Cigarette test samples:of the 2012 collaborative study

Lg/cig) shall

te samples.
analyses of
raluesl3] for
nethod. The

NFDPM yield
Sample Product-characterization

(mg/cigarette)
Sample 1 Dark air-curedproduct 10
Sample 2 American plended product 8
Sample 3 American,blended product 6
Sample 4 Virginia blended product 4
Sample 5 Virginia blended product 2
Sample 6 Virginia blended product 10
Sample 7 Charcoal filtered/blended product 1
3R4F Kentucky Reference 3R4F/American blend 8
1R5F Kentucky Reference 1R5F/American blend 2
EMb6 CORESTA Monitor Test Piece CM6/Virginia blend 15

Results from the 2012 collaborative study

Results from the collaborative study including NFDPM yields, number of laboratories included in the
study, mean yields obtained from ISO smoking regime (ISO 3308) and calculated statistical data for the
individual carbonyls are given in Tables 4 to 11.

© ISO
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Table 4 — Formaldehyde

Sample NFDPM yield N Mean | r | R
description (mg/cigarette) (ug/cigarette)
CM6 15 17 47,2 8,5 22,3
1R5F 2 18 3,7 1,2 2,9
3R4F 19 20,9 4,5 10,2
1 10 14 14,2 4,0 9,4
2 8 14 19,0 5,5 9,7
3 3] 13 15,7 35 84
4 4 15 15,5 4,6 10,7
5 2 15 6,6 2,5 5,7
6 10 14 70,5 16,3 42,6
7 1 14 3,2 2,1 34

a

N =number of data sets taken for statistical analysis after removal of outliers:

Table 5 — Acetaldehyde

Sample NFDPM yield N Mean | ~F | R
description (mg/cigarette) (ig/cigarette)
CMe6 15 17 69452 81,5 193,3
1R5F 19 143,6 359 102,3
3R4F 18 552,4 75,6 147,2
1 10 14 489,2 86,4 170,9
2 14 508 77,2 150,6
3 14 396,1 62,4 129,7
4 14 189,4 44,0 79,1
5 2 14 100 239 51,5
6 10 15 5774 121 171,8
7 1 15 93,2 37,8 48,5

a

N = number of.datd sets taken for statistical analysis after removal of outliers.

Table 6 — Acetone

Samiple NFDPM yield N Mean | r | R
description (mg/cigarette) (ug/cigarette)
CM6 15 18 269 38,3 94,6
1RSF 18 635 16 0 543
3R4F 8 19 2097 | 331 91,2
1 10 15 1937 | 42,6 93,4
2 14 190,8 | 31,8 | 1004
3 14 1544 | 238 67,9
4 15 77,0 21,4 49,7
5 2 13 38,7 10,8 20,3
6 10 15 2272 | 504 94,5
7 1 14 42,8 21,1 39,0

a

N =number of data sets taken for statistical analysis after removal of outliers.
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Table 7 — Acrolein

IS0 21160:2018(E)

Sample NFDPM yield N Mean | r | R
description (mg/cigarette) (ug/cigarette)

CM6 15 17 68,5 10,7 19,4
1R5F 2 17 9,3 2,3 5,8
3R4F 18 48,3 8,9 16,7

1 10 14 36,4 7,5 16,6

2 8 15 43,6 10,2 18,4

3 9] = 318 6,7 1377

4 4 15 18,4 54 10,3

5 2 14 9,5 3,1 6,6

6 10 15 62,6 15,7 2371

7 1 15 7,0 34 4,5

a N =number of data sets taken for statistical analysis after removal ofoutliers.

Table 8 — Propionaldehyde

Sample NFDPM yield N Mean!| r | R
description | (ng/cigarette) (ng/cigarette)

CM6 15 17 531 6,8 171
1R5F 2 19 12,0 2,7 7,0
3R4F 19 42,1 7,1 14,1

1 10 15 36,1 9,1 15,8

2 8 14 38,4 6,3 12,2

3 6 14 29,6 54 9,4

4 4 15 14,8 4,4 8,1

5 2 15 8,1 2,3 5,2

6 10 15 44,6 9,6 17,7

7 1 15 7,8 2,8 4,8

a  N=number of data sets taken for statistical analysis after removal of outliers.

Table 9 — Crotonaldehyde

Sample NFDPM yield N Mean | r | R
description | g /cigarette) (ug/cigarette)
CM6 15 18 20,5 3,6 11,1
1RSF 15 24 11 20
3R4F 8 18 11,0 29 6,4
1 10 14 139 3,6 8,0
2 8 14 11,1 2,8 5,5
3 6 13 7,8 2,2 4,2
4 4 14 4,4 1,5 2,8
5 2 14 2,3 1,1 1,5
6 10 14 18,4 4,8 9,8
7 1 14 1,9 09 2,2

a N =number of data sets taken for statistical analysis after removal of outliers.

© ISO 2018 - All rights reserved
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13 Testr

The test repprt shallstate all tested product(s) each with unique identification, reference to the sm
regime used for sample generation, the yield of selected carbonyls in micrograms per cigarette sm
and the method.used. The test report shall include all conditions and deviations which can affeqd

Table 10 — 2-butanone

Sample NFDPM yield N Mean | r | R
description | (ng/cigarette) (ug/cigarette)

CMe6 15 18 62,1 12,7 36,0
1R5F 2 19 13,6 3,8 13,7
3R4F 18 51,7 8,3 24,3
1 10 15 45,3 12,4 30,6
2 8 14 47,3 10,2 15,9
3 9] =% 35,8 7.9 2573
4 4 14 171 4,3 131

5 2 15 10,0 3,8 9,8
6 10 14 54,6 15,3 39,4

7 1 15 91 3,8 9,5

a N =number of data sets taken for statistical analysis after removal of outliers:

Table 11 — 2-butyraldehyde

Sample NFDPM yield N Mean | ~F | R
description | (mg/cigarette) (ng/cigarette)

CM6 15 17 36,9 4,5 199
1R5F 2 18 %7 2,1 5,8
3R4F 8 18 25,3 3,4 9,3

1 10 13 219 4,7 12,0

2 8 13 24,3 3,7 11,0

3 6 14 19,6 3,7 10,2

4 4 14 9,7 2,6 55

5 2 13 6,1 1,6 2,9

6 10 13 30,2 5,3 11,6

7 1 14 5,0 19 2,6

a  N=number of.datd sets taken for statistical analysis after removal of outliers.

port

result. All infofmation should be recorded in fully traceable manner.
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Annex A
(informative)

Recrystallization of 2,4-dinitrophenylhydrazine

The supplied DNPH can contain contaminants or impurities. In this case, recrystallization of DNPH is
recommended.

Weigh approximately 35 g of DNPH into a weighing boat. Transfer the DNPH into a clean 2

flask

Add
a stil

Whe
nott

Vacuum filter the hot solution.

Tran

If cr}
Erler

Vacuum filter the recrystallized DNPH.

Tran|
the ]
mois

The f

If re
hydr
label

and add a stirrer.

Erlenmeyer

/50 ml of anhydrous reagent grade ethanol to the flask. Place the flask on a lpt-plate equipped with

rer. Gently heat the solution with constant stirring.

h the solution is warm, slowly add 1 000 ml of ethyl acetate. Continu€ to heat and stir (
b boil) until all of the DNPH is completely dissolved. The solution shotdld be clear and a v4

sfer the filtrate to a 2 1 Erlenmeyer flask.

Pstallization does not start to occur, scratch the inside of the flask with a glass ro
meyer flask with a watch glass and allow the solution to cool overnight in a cupboard

sfer the crystals into a clean weighing boat that is labelled with the date of recrystal
bt of the DNPH. Weigh the recrystallized DNPH. Place the crystals in a desiccator to
ture.

iltrate can be evaporated down with a rotovap and vacuum filtered again to recover m

Crystallizing a larger quantity of DNPH (requirement of more than 2 days), the DN
hted to approximately 30 9% with water. After adding the water, place in an airtight cq
it as containing 30 % water.

making sure
bry dark red.

1. Cover the

lization and
remove any

bre crystals.

PH shall be
ntainer and
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