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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

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
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antitative measurement of nicotine-free dry particulate matter (NFDPM, sometime
") is, therefore, dependent on its arbitrary definition.

the time that scientists have attempted to determine a value for NFDPM;-a numbe
been used. However, experience has shown some procedures to be mote-reliable an
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s have been made on the repeatability and reproducibility of tlie determination of {
ulate matter from cigarettes.

fudies show that improvements in repeatability and reprieducibility result when somg¢
aced on the wide variety of methods and practices periitted by existing standard m
ocument, and the others which together form a complete set for the sampling, cond
mination of nicotine, water and particulate matter from cigarettes, have been pr
cooperation and collaborative experimentation by many laboratories in many count

STA first published an International Standard for the machine smoking of cigarettes
that time many improvements in equiprient as well as in procedure have been sugge|

ibject and provides one set of progedures accepted as reference methods.
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This ethod is a machine method-and allows cigarettes to be smoked using a strictly conltrolled set of
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nheters. Thus, it enables the - NFDPM and nicotine from cigarettes, when smoked by th
compared and ranked-ohrthe basis of machine yield.

hchine smoking regime can represent all human smoking behaviours.

is recommernded that cigarettes also be tested under conditions of a different intensif
moking thairthose specified in this document.

achine-smoking testing is useful to characterize cigarette emissions for design an
urpeses, butcommunication of machine measurements to smokers canresultin misun

M
p
a

poUt differences in exposure and risk across brands.

s procedure,

y of machine

d regulatory
lerstandings

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
subsgquent determination of nicotine-free dry particulate matter present in the smoké\frgm cigarettes
generjated and collected using a routine analytical smoking machine.

2 Normative references

The fpllowing documents are referred to in the text in such a way thatySome or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document(ineluding any amendmg¢nts) applies.

ISO 2P71, Cigarettes and filter rods — Determination of nomindDPdiameter — Method using @ non-contact
opticql measuring apparatus

ISO 3B08, Routine analytical cigarette-smoking machine -2 Definitions and standard conditigns
ISO 3402, Tobacco and tobacco products — Atmosphere for conditioning and testing
[SO 64488, Tobacco and tobacco products — Determination of water content — Karl Fischer method

ISO 6565, Tobacco and tobacco products:*= Draw resistance of cigarettes and pressure fdrop of filter
rods 1~ Standard conditions and measurement

[SO 8R43, Cigarettes — Sampling
[SO 10315, Cigarettes — Determination of nicotine in smoke condensates — Gas-chromatogrgphic method

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

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

3 Termsand 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.

© IS0 2019 - All rights reserved 1
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3.2

dry particulate matter

dry smoke condensate

DPM

total particulate matter (3.1) after deduction of its water content

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

3.3
nicotine-free dry particulate matter
nicotine-free dry smoke condensate
NFDPM

dry particulate matter (3.2) after deduction of its nicotine content

: Itis expressed as milligrams per cigarette.

smoking process
use of a smoking machine to smoke cigarettes from lighting to final puff

3.5
smoking ru
specific smoking process (3.4) to produce such smoke from a sample of ¢igarettes as is necessary f
determinatign of the smoke components

3.6
clearing puff
any puff takdn after a cigarette has been extinguished or remeved from the cigarette holder

3.7
laboratory §ample
sample inte

the sub-peri¢d sample

3.8

test sample
cigarettes for test taken at random frem the laboratory sample (3.6) and which are representat
each of the ifjcrements making upthe-aboratory sample

3.9
conditioning sample
cigarettes selected from the'test sample (3.7) for conditioning prior to tests

3.10
test portion|
group of ciggrettes prepared for a single determination and which is a random sample from th

br the

ed for laboratory inspection or testing-and which is representative of the gross sample or

ive of

e test

sample (3.7) breonditioned sample, as appropriate

3.11
monitor test piece
cigarette taken from a batch specially fabricated under controlled manufacturing conditions

Note 1 to entry: The cigarettes of such a batch show the greatest possible homogeneity with regard to their

physical and chemical characteristics.

4 Principle

The test cigarettes are sampled then conditioned. The test cigarettes are smoked on an automatic
smoking machine with simultaneous collection of total particulate matter in a glass fibre filter trap.
If used, the consistency of the laboratory smoking process and subsequent analytical procedures are
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controlled by using monitor test pieces specified in ISO 16055. The mass of the total particulate matter
so collected is determined gravimetrically. The total particulate matter is extracted from the trap for
determination of the water and nicotine contents by gas chromatography.

5 Apparatus

Norm

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

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

5.2
of 0,1

5.3

5.4

The
antist

5.5
5.6

5.7

If suc
the ci

5.8

5.9

6 S
Alab

This
the te
popul

Soap bubble ITow meter, graduated at 35 ml to an accuracy of £0,Z ml and with
ml.

Apparatus for the determination of puff duration and frequency.

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

veighing of filter pad holders may be affected by static electricity, necessitating 4
atic device.

Conditioning enclosure, carefully maintained under thé.conditions specified in ISO
Length-measuring device, suitable for measuringto‘the nearest 0,5 mm.

Device for the determination of diameter,iit*accordance with ISO 2971.

h apparatus is not available, the diameter may be determined from the circumferen
parette longitudinally, removing and flattening the paper then measuring its width.

Gloves, made of cotton, of the non-talc surgical type.

ampling
ratory sampléshall be taken by a sampling scheme such as one of those given in ISO

sample willlnormally contain cigarettes taken from different parts of the populat
st sample’required for the test by randomly selecting cigarettes from the different
atian'\represented in the laboratory sample.

a resolution

he use of an

8402.

ce by slitting

Smoke trap sealing device, end.caps made from a non-hygroscopic and chemically imert material.

8243.

on. Make up
parts of the
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7 Determination of total particular matter
7.1 Preparation of the cigarettes for smoking

7.1.1 General

If N cigarettes of a given type are to be smoked, C x N cigarettes shall be prepared from Q cigarett
conditioning and butt marking.

The symbols|used in this clause are as follows:

N is the number of cigarettes of a given type to be smoked, resulting from sampling at/gne point i

time or from a sub-period sample;

C is a multiplying factor, of value greater than 1, to allow for loss due to damagé or selection prq
dures between initial sampling and smoking;

Q isthe tofal number of cigarettes available (laboratory sample, see 3.6);

n isthe number of replicate determinations of total particulate matter.

NOTE The multiplier C is usually at least 1,2 to provide extra cigatettes in case some are damagg
for optional tgsts which are possibly required (see 7.5). If selection’by mass or draw resistance (or anyj
parameter) is|necessary, C is likely to be much larger (experience suggests 2 to 4) depending on the sel
process.

The precision normally required generally demands that 80 < N < 100. This number may be considg
augmented if the variability of the sample is highjion the contrary, in certain comparisons mz:
samples, this number may be reduged. It can also be reduced when N represents
e. N shall never be less than 40-when 20 cigarettes are smoked per trap, or less th
when 5 cigarfettes are smoked per trap.

It is necessaily for 40 cigarettes to be smoked when 20 cigarettes are smoked per trap, thus provi
replicate andlysis and data replication’

The N cigarefttes to be smoked will be tested in n = N/g determinations if g cigarettes are smoke
one trap. As [far as possible these n determinations should correspond to different test portions
test sample. felection of each/test portion will depend upon the form of the test sample.

Where q is the numberof cigarettes smoked into the same trap.

7.1.2 Sele(tion of test portions from a bulk of Q cigarettes

es for

ce-

d and
other
ection

erably
ide of
h sub-
an 20

ling a

d into
of the

If the test sample is in the form of a single bulk, consisting of Q cigarettes, C x N cigarettes sh
selected at random so that every cigarette has an equal probability of being selected.

7.1.3 Selection of test portions from P packets

all be

If the test sample consists of P packets, the selection procedure depends upon the number of cigarettes

in each packet (Q/P) compared with q.

If Q/P > C x q, select a test portion by choosing a single packet at random, then randomly select C x g

cigarettes from that packet.
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If Q/P < C x q, select the smallest number of packets (k) as shown in Formula (1):

Q isthe total number of cigarettes available (laboratory sample, see 3.6)

is the smallest number of packets;

M)

q

andr
form

7.1.4
Provi

reser
this c

7.2

7.2.1

The 5
three

— 14

isthe total mumber of packetsof tigarettesavaitabie;

is a multiplying factor, of value greater than 1, to allow for loss due to damage'or s
procedures between initial sampling and smoking;

is the number of cigarettes smoked into the same trap.

hndomly choose an equal (or as near equal as possible) number ofcigarettes from e
[he test portion of C x g cigarettes.

Duplicate test portions

ded that the test sample is sufficiently large (22C x N)ya duplicate set of n test portid
ved. In this event, the parallel selection of a test portieh and its duplicate would seer
hse, the two selection conditions of 7.1.3 would needto be changed to Q/P > 2C x q and

Marking the butt length

Standard butt length

tandard butt length to which cigarettes shall be marked shall be the greatest of
lengths:

B3 mm,

ngth of filter + 8 mm;or

— lgngth of overwrap-+ 3 mm,

wher

e the overwr@ap-is defined as any wrapper applied to the mouth end of the cigarette, a

of the filter is defined as the total length of the cigarette minus the length of the tobacco p

NOTE
smoki

7.2.2

Butt length is defined in ISO 3308 as the length of unburnt cigarette remaining at the

election

hich packet to

ns should be
n sensible. In
Q/P<2Cxaq.

he following

nd the length
prtion.

moment when

|ng issstopped.

Measurement of length of filter

The length of filter as defined in 7.2.1 shall be the mean value of 10 cigarettes taken from the laboratory
sample, measured to an accuracy of 0,5 mm. Express the mean to the nearest 0,5 mm.

NOTE

In some instances it might be necessary to measure more than 10 cigarettes, but when the variation
in filter length can be demonstrated to be well controlled, a smaller number of measurements is sufficient.
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7.2.3 Measurement of length of overwrap

The length of overwrap, as defined in 7.2.1, shall be the mean value of 10 overwraps taken from the
laboratory sample, measured to an accuracy of 0,5 mm. Express the mean to the nearest 0,5 mm.

NOTE

In some instances it might be necessary to measure more than 10 cigarettes, but when the variation

in overwrap length can be demonstrated to be well controlled, a smaller number of measurements is sufficient.

7.2.4 Butt

length to be marked on the cigarettes before conditioning

Draw a line, using a fine soft-tipped marker, at the standard butt length, to an accuracy of 0,5 mm, from

the mouth en

d for the particular cigarette type

Care should |
torn or punc
replaced wit

If cigarettes
be pre-set, it

7.3 Selection of cigarettes

If a selection
the problem
cigarettes to

7.4 Conditioning

Condition all
48 hand am

If for any red
original pack

The testing
accordance V

Transfer the
the portions]

atmosphered.

7.5 Prelin

The followin

pe taken to avoid damaging the cigarettes during butt marking. Any cigarettes ac¢ide
fured during marking, or any found during marking to be defective, shall be discardeg
h spare cigarettes from the test portion.

hre to be smoked on a smoking machine on which the butt length in accordance to 7.2
is not necessary to mark the butt lengths on the cigarettes themselves.

by mass or draw resistance (or any other parameter) is neeessary because of the nat
being studied, the selection shall not be considered as.a method of reducing the num
be smoked.

aximum of 10 days.

aging or in airtight containers jdstlarge enough to contain the sample.

atmosphere in the laborateny where the smoking is to be carried out shall also
yith 1ISO 3402.

test portions to the smoking location in airtight containers (just large enough to cq
unless the smokingJlocation and the conditioning location are adjoining and have ide|

ninary tests before smoking

b datamay be required in the test report:

ntally
d and

11 can

ure of
ber of

the test portions in the conditioning atmasphere specified in ISO 3402 for a minimum of

son test samples are to be kept for. longer than 10 days before conditioning, store them in

be in

ntain
ntical

bth/of the cigarette;

diameter, determined in accordance with ISO 2971;

draw resistance of the cigarette, determined in accordance with ISO 6565;

a) totallen
b) nominal
c)
d)
cigarette);
e)
ISO 6488.
6

average mass of the conditioned cigarettes selected for the smoking operation (in milligrams per

water content (as a mass fraction) of the conditioned cigarettes, determined in accordance with
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7.6 Smoking and collection of particular matter

7.6.1 Smoking plan
Choose a smoking plan. Examples of plans are given in Annex A.

The plan shall show the number of cigarettes to be smoked into each trap (q) and the number in the
conditioning sample (C x N).

The plan should include the use of a test portion of monitor test pieces. The test pieces are included in
the plan as if they were a type of cigarette and prepared and smoked as in 7.6.4, 7.7, 7.8 and 7.9.

7.6.2| Preparation of smoke traps and cigarette holders

For all operations, the operator shall prevent contamination from the fingers by-wearing gloves of a
suitalple material (5.9).

Insert filter discs which have been conditioned in the test atmosphere for atleast 12 h into their holders,
and assemble, placing the rough side of the filter disc so that it will face-the oncoming [smoke. After
assenpbly, examine the filter holders to ensure that the discs have been properly fitted. If the smoke trap
is degigned to contain the perforated disc (washer), insert it and fit the 'sealing devices (endl caps). If the
cigarg¢tte holder is designed to contain a perforated disc, insert it intg the cigarette holder befpre attaching
the lapyrinth seals (see ISO 3308:2012, 4.8). Weigh the assembléd smoke traps to the nearest 0,1 mg.

Becayse of absorption of water by smoke traps and solvent, it is necessary to determine afvalue for the
sample blank. Prepare sample blanks by treating additional smoke traps (at least 2 smoke fraps per 100
cigargttes) in the same manner as that used for smoke eollection.

7.6.3| Setting up the smoking machine

7.6.3/1 General

If necessary, replace any protective filters on the machine. Switch on the machine and allow it to warm
up onjautomatic cycling for at least\20 min.

With [the machine warmed up, check that the puff duration and puff frequency on each channel are in
accorfance with the standard conditions.

The guff volume should‘be checked if it is suspected that the smoking machine is subjgct to a large
change in temperatfire during use.

7.6.312 Medasurement of puff duration

A timer, working with reference to a crystal-controlled oscillator, shall be used to measute the period
of tinmjé-which elapses between the triggering operations which begin and end a puffingjaction of the
smoking machine. The accuracy of the timing device shall be such as to ensure that a 1 % error in the
puff duration can be detected. The timer should be coupled directly to the triggering circuits.

NOTE Itis not possible to specify the method of measurement beyond a statement of principle because of the
variety of types of suitable timers and smoking machines available.

7.6.3.3 Checking of puff frequency

Measure the period of time which elapses between the triggering operations which begin successive
puffing actions of the smoking machine, thus determining the puff frequency. The timer used shall be
suitable for measuring to the nearest 0,1 s and should, preferably, be coupled directly to the triggering
circuits.

© IS0 2019 - All rights reserved 7
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7.6.3.4 Measurement of puff volume

The displacement of the bubble in a soap bubble flow meter (5.2) gives a direct measurement of puff
volume and also provides a check for leaks in the system. A suitable indicator graduated at 35 ml
shall have a resolution of 0,1 ml. It shall be connected through a standard pressure drop device of
1kPa =5 % to the cigarette holder of the smoking machine channel under test. Before use for a series of
measurements, wet the instrument twice with detergent solution and then allow it to drain for a period
of between 30 s and 45 s.

It is recommended to use the detergent solution as specified by the supplier of the soap bubble flow
meter in the corresponding manual.

Fit the prepajred smoking trap or traps and cigarette holders onto the machine. Attach a plastic intlrt of
an appropridte size for the labyrinth seals in the cigarette holder to the resistance in the tubefrom the
soap bubble flow meter indicator. Prepare the soap bubble flow meter by wetting the inside of th¢ tube
with the detprgent solution to above the top graduation mark. Connect the indicator o, the cigarette
holder in port 1 and determine the puff volume. Adjust to (35,0 + 0,3) ml if necessary’ Repeat for all
remaining p¢rts in turn.

Repeat the determinations until the necessary precision of measurement issobtained. If the nymber
of replicates|exceeds three, continue until the correct precision is obtained-but replace the pad hefore
smoking, reweigh the smoke trap and recheck the puff volume with tie new pad in place. Mejasure
the temperafure and relative humidity of the air surrounding the-Smoking machine and note the
atmospheric|pressure.

7.6.4 Prodedure for smoking run

7.6.4.1 Insprt the conditioned cigarettes from the test*portion into the cigarette holders s¢ that
the butt end|impinges upon the perforated disc (washer) fitted within the filter trap. Avoid any|leaks
or deformations. Any cigarettes found to have obvious defects, or which have been damaged during
insertion, shall be discarded and replaced with spakre, conditioned cigarettes.

7.6.4.2 Engure that the cigarettes are positioned correctly so that the axes of the cigarettes colncide
with the axe$ of the ports. Adjust the pasition of each cigarette so that when the burning coal reaches
the butt mark, the puff termination device is activated. If the burning through of 100 % cotton thread of
(48 £ 4) tex ik used to terminate smoking at the butt mark, the cotton shall just touch the cigarette at the
butt mark, wjthout modifying the cigarette positioning.

7.6.4.3 Zernp the puff counters and light each cigarette at the beginning of its first puff. Shoulq it be
necessary to frelight a cigarette, a hand-held electrical lighter may be used. When each butt mark hag been
reached, remove the burning coal from the cigarette and note the final reading of the puff counters| After
the smoking process:is complete, leave the cigarette butt in place for at least 30 s to enable depositfion of
any residual pmeké in the trap.

Avoid disturbar iTrto the

ashtray.

7.6.4.4 For smoking machines with the filter pad holder directly linked to a single cigarette holder,
after completion of smoking each cigarette, remove the cigarette butt and take one clearing puff through
each holder. After smoking of all cigarettes, four further clearing puffs shall be taken.

NOTE When five cigarettes are smoked, it results in a total of nine clearing puffs.

7.6.4.5 For smoking machines where multiple cigarettes are smoked sequentially on a common filter
pad within the same smoke run: after completion of the smoking run, remove the cigarette butts and take
five clearing puffs.
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7.6.4.6 Record the total number of puffs taken on each channel, i.e. smoking puffs plus clearing puffs.

7.6.4.7 If required, new cigarettes shall be inserted immediately, and the smoking process repeated
until the predetermined number of cigarettes, in accordance with the smoking plan, has been smoked
into the smoke trap. Immediately begin the determination of total particulate matter as described in 7.7.

7.7 Determination of total particulate matter

Remove the smoke traps from the smoking machine (gloves shall be worn). Where necessary, remove
the cigarette holder from the smoke trap.

Cover the front and back apertures of the trap with the sealing devices (5.8).

It is recommended, particularly when plain cigarettes have been smoked, that the removal|of the holder
be copducted with the smoke trap held with its cigarette-facing side downwardsi\to‘avoid|any possible
contaminants from the cigarette holder reaching the filter disc.

Immédiately after smoking, weigh the smoke traps to the nearest 0,1 mg.

Checli the back of each filter disc to ensure that there are no brown stains’indicating overlgading or pad
damajge. Discard any disc showing such stains or damage.

Glass|fibre filter pads of 44 mm diameter are capable of retaining up to 150 mg of totdl particulate
mattdr and pads of 92 mm diameter are capable of retaining 600 mg of TPM. If, during §moking, this
mass|is exceeded, the number of cigarettes shall be reduced and a calculation made to pllow for the
reduded number of cigarettes smoked.

7.8 |Calculation of total particulate matter

The T|PM content, mypy,, for each channel, expressed in milligrams per cigarette, is given by|Formula (2):

m; —m
_1 0
Mrpm =— (2)
q
whereg
My is the mass of the smoke trap before smoking, in milligrams;

3

1 is the mass of the smoke trap after smoking, in milligrams;

q|l isthe number of cigarettes smoked into the trap.

7.9 |Treatment of total particulate matter

7.9.1 — EXtraction procedure

Remove the sealing devices from the smoke trap (gloves shall be worn). Open it and remove the filter
disc with forceps. Fold it twice, total particulate matter inwards, being careful to handle only the edge
with forceps and gloved fingers. Place the folded disc in an appropriately shaped dry flask (maximum
150 ml for 44 mm discs, maximum 250 ml for 92 mm discs). Wipe the inner surface of the filter holder
front with two separate quarters of an unused conditioned filter disc and add these to the flask. Pipette
solvent (propan-2-ol containing the internal standards for both nicotine and water determinations)
into the flask (20 ml for 44 mm discs or 50 ml for 92 mm discs) (see ISO 10315 and ISO 10362-1).

Stopper the flask immediately and shake gently on an electric shaker for at least 20 min, ensuring that
the disc does not disintegrate. The shaking time should be adjusted to ensure full extraction of the
nicotine and water in the particulate matter.

Follow the same procedure with each of the blank smoke traps used for the determination of water.
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7.9.2 Determination of water

Carry out the determination of water in the solution in each flask in accordance with ISO 10362-1.

The DPM content, mppy, for each trap, expressed in milligrams per cigarette, is given by Formula (3):

Mppm = Mypm ~ My (3)
where

mypy is the TPM content, in milligrams per cigarette;

My ik the water content in the TPM, in milligrams per cigarette.
7.9.3 Detdrmination of nicotine
Carry out th¢ determination of nicotine in the solution in each flask in accordance with' ISO 10315,
The NFDPM| content, mygppy, for each trap, expressed in milligrams per“cigarette, is given by
Formula (4):

MyrppMm [ Mppm N (4)
where

mppy  if the DPM content, in milligrams per cigarette;

my ik the nicotine content in the TPM, in milligrams per cigarette;

N ik the number of cigarettes of a given.type to be smoked, resulting from sampling at ope

point in time or from a sub-period.sample.

NOTE In |aboratories that are not in @ position to use gas-chromatographic methods, it is possible td make
determinationys of water and nicotine using older, deprecated methods[il[2], with a suitable explanatory note
added to the tpstreport.
8 Testreport
The test repgrt shall show the method used and the results obtained. It shall also mention any opefating
conditions njot specified in this document, or regarded as optional, as well as any circumstances
that may haye infltuenced the results. The test report shall include all details required for complete

identification 6fthe sample. If appropriate, the information given below in a) to d) shall be recordgd.

a)

Characteristic data about the cigarette

All details necessary for the identification of the cigarettes smoked shall be given. In the case of
commercial cigarettes this should include:

10

the name of manufacturer and country of manufacture;
the product name;

the packet number (of the product sampled that day);
marks on any tax stamp;

printed smoke yields (if any);
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the length of the cigarette;
the length of the filter;

the length of the overwrap.

b) Data about sampling

the type of sampling procedure;

the date of sampling;

the place of purchase or sampling;
kind of sampling point;
the sampling point (e.g. address of retail outlet or machine number);

the number of cigarettes in laboratory sample.

c) Description of test

d)

— =

!

=

areference to this document, i.e. ISO 4387:2019;

date of test;

type of smoking machine used;

type of smoke trap used;

total number of cigarettes smoked;

number of cigarettes smoked into each smoke trap;

butt length;

room temperature (in degrees-Celsius) during smoking operation;
relative humidity (in percent) during smoking operation;

atmospheric pressure (in kilopascals) during smoking operation.

st results

he expression-of the laboratory data depends on the purpose for which the data are 1
e level oflaboratory precision. Confidence limits shall be calculated and expressed o
e laboratery data before any rounding has taken place. Details should include the fo

average length of the cigarettes to the nearest 0,1 mm;

equired, and
n the basis of
lowing:

average length of the filter to the nearest 0,5 mm;

average length of the overwrap to the nearest 0,5 mm;

butt length to which cigarettes were smoked;

average diameter of the cigarettes to the nearest 0,01 mm;

average number of puffs per cigarette for each channel to the nearest 0,1 puff;

TPM content (in milligrams per cigarette) for each channel to the nearest 0,1
average per cigarette to the nearest 1 mg;

DPM content (in milligrams per cigarette) for each channel to the nearest 0,1
average per cigarette to the nearest 1 mg;

© IS0 2019 - All rights reserved
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— NFDPM content (in milligrams per cigarette) for each channel to the nearest 0,1 mg, and the
average per cigarette to the nearest 1 mg.

9 Repeatability and reproducibility

A major interlaboratory study involving 30 laboratories and 6 samples conducted in 1990 showed the
following values for the repeatability limits (r) and the reproducibility limits (R) of this method.

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 the method.

Single result
reproducibil
of the metho

Data analysi

ty limit (R) on average not more than once in 20 cases in the normal and correct.ope
d.

b gave the estimates as summarized in Table 1.

Table 1 — Estimates given by data analysis

Values in riilligrams per cigarette

Mean value Repeatability limit Reproducibility limit
MNFpPM r R
0,82 0,40 0,60
1,61 0,52 0,74
3,31 0,52 0,90
7,70 0,88 1,51
12,61 1,06 1,70
17,40 19 1,84

For the purp
smoking 20 d

For further d

The subject ¢

igarettes in a single run.
etails of the interaction(of 7 and R with other factors, see CORESTA Report 91/1.

f tolerances due tolsampling is dealt with in ISO 8243.

5 on matched cigarette samples reported by two laboratories will differ by more-thqn the

Fation

ose of calculating r and R, one test result was defined as the mean yield obtained| from

12
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Annex A
(informative)

Smoking plans

A.1 General

In thq majority of cases, the results of mechanical smoking permit a comparison of types

(treafments). This comparison should be made according to a smoking plan established in

smokjng plan should take account of the following:

a) t]:e capacity and the variability of the smoking machine: number of channfels;

b) the capacity of the smoke traps: this determines the number of cigarettes to be sm
channel;

c) the nature of the cigarettes: for those of high condensate yieldit is prudent to reduce t
bk smoked in each channel;

d) required precision: the results of smoking always givera certain variability; the di

The drder of magnitude of the number, N, of c¢igarettes in a test portion is fixed for ea
functjon of various factors, in particular:

The gxact value to be selected for N, chosen in the ranges above (see 7.1), taking intog
preceding factors, is determined by calculation for each experiment taking into account th
which

The djifferent parameters are related by Formula (A.1):

whereg

the treatments in each smoking run and of the smoking runs in time should reduce

of cigarettes

advance; the

pked in each

he number to

stribution of
the effects of

uncontrolled or badly controlled factors (mechaniedl or personal); in general, the larger the test

prtion, the greater the precision.

the precision sought;

the time necessary for the smoking processes, which is itself related to the capacity of

characterize it.

tKN =sXcxXq

ch type as a

the machine.

account the
P parameters

(A1)

t 1s the number of types to be compared (treatments);
s is the number of smoking runs to be carried out;
¢ isthe number of channels on the machine;

q isthe number of cigarettes smoked into the same trap.

The examples of smoking plans proposed below illustrate the preceding remarks. They could
correspond to the following objectives.

EXAMPLE 1

can collect the condensate of five cigarettes.

© IS0 2019 - All rights reserved
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EXAMPLE 2  Comparison of three types of cigarettes on one single-channel smoking machine. The smoke trap
can collect the condensate of 20 cigarettes.

EXAMPLE 3  Comparison of two types of cigarettes on one four-channel smoking machine. The smoke trap
can collect the condensate of five normal cigarettes. As the test cigarettes have high condensate yield (e.g. above
30 mg per cigarette) the number smoked is likely to be reduced to three.

EXAMPLE4  Comparison of 20 types of cigarettes on one 20-channel smoking machine. The smoke trap can
collect the condensate of five normal cigarettes. Higher precision required.

EXAMPLES5  Comparison of five types of cigarettes on one 20-channel smoking machine. The smoke trap can
collect the condensate of five normal cigarettes. Higher precision required.

A.2 Examples of smoking plans

A.2.1 EXAMPLE 1: Comparison of two types of cigarettes on one single-channel smoking machine

Number of trleatments t=2(A,B)
Number of cigarettes in the test sample N =40

Number of cigarettes per channel qg=>5

Number of clhannels c=1

Number of sgnoking runs s=16(1,2,,16)
Thus testing|80 cigarettes 2x40=\16x1x5

The number] N, of cigarettes to be smoked is limited-to 40 of each type, so that the duration pf the
smoking profess is not too long. Each smoking runcarries only one treatment. Distribute the riins in
time while r¢peating four times the sequence shown in Table A.1 (k represents successive values [, 4, 8
and 12).

Table A.1
Run Treatment
1+k A
2+k B
3+k B
4+k A
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