INTERNATIONAL ISO
STANDARD 4387

Fourth edition
2019-09

Cigarettes — Determination of total
and nicotine-free dry particulate
matter using a routine analytical
smoking machine

Cigarettes — Détermination de la matiére particulaire totale et de la

matiére particulaire anhydre et exempte de nicotine au moyen d'une
machine a fumer analytique de routine

Reference number
1SO 4387:2019(E)

©1S0 2019



ISO 4387:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2019 - All rights reserved



ISO 4387:2019(E)

Contents Page
FOT@WOTIT ... iv
IIEIOAULCEIONN ... \%
1 SCOPI ... 1
2 Normative references
3 Terms and definitions
4 Principle
5 APPATATUS ...t 8 555585585585 3
6 SAIMUPLITIG ... 3
7 Determination of total particular Matter ... 4
7.1 Preparation of the cigarettes for smoking 4
71T GEIETAL oot 4
7.1.2  Selection of test portions from a bulk of Q cigarettes 4
7.1.3  Selection of test portions from P PaCKELS ... 4
7.1.4  DUPLCAte TEST POTTIONIS oo e 5
7.2 Marking the butt length )
7.2.1  Standard DULE IENGEN ...t 5
7.2.2  Measurement of length of filter ... 5
7.2.3  Measurement of length of OVerwrap ..., 6
7.2.4  Buttlength to be marked on the cigarettes before conditioning .6
7.3 SeleCtion Of CIGATETLES ...t 6
7.4 Conditioning........ccoorrscsin ettt e et R R 6
7.5 Preliminary tests before smoking )
7.6 Smoking and collection of particular Matter ... 7
7.6 1  SINOKING PIAM oo ettt 7
7.6.2  Preparation of smoke traps and cigarette holders...... 7
7.6.3  Setting up the smoking machine ... 7
7.6.4  Procedure for smoking run.................. 8
7.7 Determination of total particulate matter........... 9
7.8  Calculation of total particulate matter................ -9
7.9 Treatment of total Particulate MaTter ... 9
7.9.1  Extraction procedure ... 9

7.9.2 Determination of water
7.9.3 Determination of nicotine

8 TESTTEPOTL ...t OO 10
9 Repeatability and reproducibBility ... e 12
Annex A (informative) SMOKING PLATIS ...t e e 13
BIDLEOZTAPIY . ...t et 19

© 1S0 2019 - All rights reserved iii



ISO 4387:2019(E)

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

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

This fourth edition cancels and replaces the third edition (ISO 4387:2000), which has been
technically revised. It also incorporates the Amendments ISO 4387:2000/Amd.1:2008 and
1SO 4387:2000/Amd.2:2017.

The main change compared to the previous edition is as follows:

— in 7.6.4, smoking and collecftion of particular matter has been modified by moving wording from
ISO 8454 into ISO 4387.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Cigarettes are manufactured to close tolerances using strict quality control procedures. However, all
the constituents involved in the manufacture (such as tobacco, cigarette paper, tipping, etc.) are derived
from natural products and this result in a final product which is intrinsically variable. The complexity
does not end here because the cigarette is converted during smoking to cigarette smoke.

Cigarette smoke is a complex mixture consisting of many individual chemical constituents. These
compounds exist as gases, vapours and condensed aerosol particles. Additionally, various ageing
processes, together with diffusional and intersolubility effects, start occurring immediately after the
formation of the smoke which further complicates its composition.

The quantitative measurement of nicotine-free dry particulate matter (NFDPM, sometimes referred to
as “tar”) is, therefore, dependent on its arbitrary definition.

From the time that scientists have attempted to determine a value for NFDPM, a number of methods
have been used. However, experience has shown some procedures to be more reliable and, with these
factors in mind, during 1988 and 1989, collaborative studies by Task Forces composed of members of
the Cooperation Centre for Scientific Research Relative to Tobacco (CORESTA) Smoke and Technology
groups have been made on the repeatability and reproducibility of the determination of total and dry
particulate matter from cigarettes.

The studies show that improvements in repeatability and reproducibility result when some restrictions
are placed on the wide variety of methods and practices permitted by existing standard methods. Thus,
this document, and the others which together form a complete set for the sampling, conditioning and
determination of nicotine, water and particulate matter from cigarettes, have been produced after
much cooperation and collaborative experimentation by many laboratories in many countries.

CORESTA first published an International Standard for the machine smoking of cigarettes in 1968, and
since that time many improvements in equipment as well as in procedure have been suggested.

This document incorporates these improvements and consequently represents the state of the art on
this subject and provides one set of procedures accepted as reference methods.

This method is a machine method and allows cigarettes to be smoked using a strictly controlled set of
parameters. Thus, it enables the NFDPM and nicotine from cigarettes, when smoked by this procedure,
to be compared and ranked on the basis of machine yield.

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 product hazard
assessment, but they are not intended to be nor are they valid as measures of human exposure or
risks. Communicating differences between products in machine measurements as differences in
exposure or risk is a misuse of testing using ISO standards.
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INTERNATIONAL STANDARD ISO 4387:2019(E)

Cigarettes — Determination of total and nicotine-
free dry particulate matter using a routine analytical
smoking machine

1 Scope

This document specifies methods for the determination of total particulate matter and for the
subsequent determination of nicotine-free dry particulate matter present in the smoke from cigarettes
generated and collected using a routine analytical smoking machine.

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 the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 2971, Cigarettes and filter rods — Determination of nominal diameter — Method using a non-contact
optical measuring apparatus

ISO 3308, Routine analytical cigarette-smoking machine — Definitions and standard conditions
ISO 3402, Tobacco and tobacco products — Atmosphere for conditioning and testing
ISO 6488, Tobacco and tobacco products — Determination of water content — Karl Fischer method

ISO 6565, Tobacco and tobacco products — Draw resistance of cigarettes and pressure drop of filter
rods — Standard conditions and measurement

[SO 8243, Cigarettes — Sampling
[SO 10315, Cigarettes — Determination of nicotine in smoke condensates — Gas-chromatographic method

ISO 10362-1, Cigarettes — Determination of water in smoke condensates — Part 1: Gas-
chromatographic method

ISO 16055, Tobacco and tobacco products — Monitor test piece — Requirements and use

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

total particulate matter

crude smoke condensate

TPM

portion of the mainstream smoke which is trapped in the smoke trap

Note 1 to entry: It is expressed as milligrams per cigarette.
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