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INTERNATIONAL STANDARD

1SO 8453: 1987 (E)

Cigarettes — Determination of total and dry
particulate matter using a routine analytical cigarette-
smoking machine — Electrostatic smoke trap method

0 Intrgduction

ure specified in this International Standard is applicable
of cigarettes; however, the results obtained from
machine sinoking of certain types of cigarettes may not be suitable
for rankingd or consuimer information and may reveal the need for
further ang more adequate information to be made available.

1ISO/TC 126 is studying this problem and will try to find a solu-
tion which will be taken into account in a future revision of this
Internatiohal Standard.

1 Scope and field of application

This Interpational Standard specifies a method for determining
the total dnd dry particuiate matter present in the smoke from
cigarettes| generated and collected using a routine analytical
i moking - machine equipped with an electrostatic

2 References.

ISO 760, |Determination of water - Kar/> Fischer method
(General method).

ISO 2971| Tobacco and tobacco-products — Cigarettes and
filters — Determination of nominal diameter.

ISO 3308 Cigarettes — Routine analytical cigarette-smoking
machine {- Definitions.and standard conditions.

1SO 3400 Tobacco and tobacco products — Determination of
alkaloids | in cigarette smoke condensates — Spectro-
photometric method.

1SO 3402 “Fobacco-and-tobaccoproducts—Atmospheresfor

3 Definitions

For the purposes of this International Standgrd, the following
definitions apply.

3.1 total particulate’matter; crude smoke condensate :
That portion of the‘mainstream smoke whicH is trapped in the
smoke trap, expressed as milligrams per cigarette (mg/cig.).

3.2 dry particulate matter; dry smoke cpndensate : The
total particulate matter after deduction of ir water content,
expréssed as milligrams per cigarette {mg/cig.).

3.3 nicotine-free dry particulate matter; nicotine-free
dry smoke condensate : The dry particulate matter after
deduction of its nicotine alkaloids content, expressed as
milligrams per cigarette (mg/cig.).

3.4 clearing puff : Any puff taken after a gigarette has been
extinguished.

3.5 smoking process : The use of a smpking machine to
smoke one cigarette per port from lighting tg final puff.

3.6 smoking run : A combination of smoking processes to
produce such smoke from a sample of |cigarettes as is
necessary for the determination of the smokg components.

3.7 laboratory sample: The cigarettés sent to the
laboratory for testing.

3.8 test sample; conditioning sample|: The cigarettes
selected from the laboratory sample for corjditioning prior to
tests for particulate matter yield.

conditioning and testing.

1SO 6488, Tobacco - Determination of water content
{Reference method).

I1ISO 6565, Tobacco and tobacco products — Draw resistance
of cigarettes and filter rods — Definitions, standard conditions
and general aspects.

ISO 8243, Cigarettes — Sampling.!)

1} At present at the stage of draft.

3.9 test portion: The conditioned cigarettes smoked for
particulate matter yield tests.

4 Principle

Smoking of the test cigarettes in an automatic smoking
machine and collection of the mainstream smoke by an electro-
static smoke trap. Gravimetric determination of the mass of
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total particulate matter so collected. Extraction of the total par-
ticulate matter from the trap and determination of the water
content by Karl Fischer or gas chromatographic methods.

5 Apparatus

Normal laboratory apparatus and in particular the following items:

5.1 Routine analytical cigarette-smoking machine,
complying with the requirements of 1SO 3308.

The smoke trap shall be chosen so that the increase in pressure
drop of the assembly does not exceed 250 Pa (2,5 mbar), at a
flow rate of 17,5 mi/s when measured after the smoking.

X

5.9 Apparatus for measuring the angular position of the
cigarettes

This instrument shall rest on a horizontal plane of the smoking
machine at the level of the smoking ports. It shall consist of a
set of calipers, one leg of which is in the horizontal plane; while

- the other is adjustable so as to be parallel to the cigarettes in-

serted in the cigarette holders on the smoking machine. By

5.2 Soap bul)ble flow meter, range 0 to 50 ml, graduated
in 0,1 ml divisigns.

5.3 Apparatus for the determination of puff duration
and frequency.

5.4 Analyticgl balance.
5.5 Pressure| drop testing equipment.

5.6 Conditiohing enclosure, maintained accurately in
accordance with the conditions specified in ISO 3402.

5.7 Equimet for the determination of water content.
t

This can be either Karl Fischer equipment in accordance with
1SO 760 or a syitable gas chromatograph (see 8.1 or 8.2).

5.8 Electrostatic smoke trap (see figure), made of an air-
tight and chemically inert material, preferably transparent, and
consisting of
1) precipitation tube;
2) holding |[device for precipitation tube;
3} cigarett¢ holder;
4) central ¢lectrode (positive);

5) - screw cap;

6) seal (e.d. O-ring seal);

7) insulatirjg socket;

8) outlet fgr gas phaSe to suction source;
9) earthind coil;

10) high voltage inlet (up to 25 kV);

using a protractor, it s‘ﬁé‘ﬂ‘b—ﬁl—m—rﬁle possible nsgre that the
cigarette position with respect to the horizental| plane is in
agreement with the standard conditions.

5.10 Length-measuring device, suitable for measuring to
the nearest 0,5 mm.

5.11 Apparatus for the determination of diameter.

6 Sampling

A laboratory saimple, representative of the cigarette type to be
sampled, shall'be provided by a sampling scheme such as one
of those in{{SO 8243. This sample will normally contain cigaret-
tes takeri’from different parts of the population.

For'any particular test, for example determination [of total par-
ticulate matter, it should then be possible to makg up the test
sample which is required for the test by randoraly selecting
cigarettes from the . different parts of the| population
represented in the laboratory sample.

7 Determination of total particulate |matter
In 7.1 and 7.6 below, the following symbols are uged :
N is the number of cigarettes of a given type to|be smoked;

C is a multiplying factor, value greater than 1, to gllow for foss
due to damage or selection procedures between inifial sampling
and smoking;

n is the number of replicate determinations of total particulate
matter;

q is the number of cigarettes smoked into the sgme trap;

P s the total number of packets of cigarettes avpilable;

11) earthing connection.

The precipitation tube (1) shall be carefully brought to equilibrium
with the ambient conditions before inserting into the smoking
machine. After it has been inserted into the seal {(6) and connected
with the earthing coil (9), the high voltage is switched on.

The smoke trap shall be capable of quantitatively retaining at
least 99,9 % .of the mainstream smoke produced by the
cigarette without loss of particulate matter.

To check the efficiency of smoke precipitation by the electro-
static trap, a glass fibre filter shall be attached between the elec-
trostatic smoke trap and the piston. This additional trap shall not
retain more than 0,05 % of the total particulate matter.

Q is the total number of cigarettes available (test sample).

7.1 Preparation of the cigarettes for smoking

If N cigarettes of a given type are to be smoked, C x N
cigarettes should be prepared from Q for conditioning and butt
marking. The multiplier C is usually at least 1,2 to provide extra
cigarettes in case some are damaged. If selection by mass or
draw resistance (or any other parameter) is necessary, C will
have to be much larger (experience suggests 2,0 to 4,0), de-
pending on the selection process.

The precision normally required generally demands that
N > 100. This number may be substantially augmented if the
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variability of the sample is high; on the contrary, in certain com-
parisons made of homogeneous samples, this number may be
reduced. As a precaution it is recommended that N should
never be less than 100.

The N cigarettes to be smoked will be tested inn = N/qg deter-
minations if ¢ cigarettes are smoked into one trap. As far as
possible these # determinations should correspond to different
test portions of the test sample. Selection of each test portion
will depend upon the form of the test sample.

7.1.1 Selection of test portions from a bulk of Q

1SO 8453 : 1987 (E)

7.4 Conditioning

Condition all the test portions in conditioning atmosphere A of
ISO 3402 for a minimum of 48 h and for a maximum of 1 week.

It is recommended that the testing atmosphere in the
laboratory where the smoking is to be carried out be as close as
possible to the conditioning atmosphere. If the testing
atmosphere is different, place the conditioned test sample in an
airtight container (just large enough to contain the portion} and
do not remove it from the container until just before the smok-
ing.

cigarette

If the testjsample is in the form of a single bulk, consisting of Q
cigarettes| C x N cigarettes should be selected at random so
that every cigarette has an equal probability of being chosen.

7.1.2 Sdlection of test portions from P packets

If the test sample consists of P packets, the selection pro-
cedure dgpends upon the number of cigarettes in each packet
(Q/P) cofnpared with gq.

If Q/P »| C x q, select a test portion by choosing a single
packet at| random, then randomly choose C x g cigarettes
from that|packet.

If Q/P <| C x ¢, select the smallest number of packets {k)
such that

QO x K
P

L > C x ¢q

and randgmly choose an equal (or as near equal_as.possible)
number of cigarettes from each packet to form the test portion
of C' x g|cigarettes.

7.1.3 Ddplicate test portions

Provided | that the test sample/ is sufficiently large
{> 2 C % N), it would be prudentto reserve a duplicate set of
n test portions. in this event_the parallel selection of a test
portion and its duplicate would seem sensible. In this case the
two selection conditions,of 7.1.2 would need to be changed to
Q/P > AC x gand' Q/P < 2C x gq.

7.2 Butt marking

7.5 Preliminary tests for physical erameters

The following data which may be required |n the test report
should be determined :

7.5.1 Total iength of the-cigarette.
7.5.2 Nominal diameter determined according to 1SO 2971.
7.5.3 Length of filter and tipping paper.

7.5.4 Draw resistance of the cigarette determined according
to 1S0.6565.

7.6 Smoking and coliection of particulate matter

7.6.1 Smoking plan

A smoking plan shall be chosen; examples| are given in the
annex to this International Standard.

The plan shall show the number of cigarettes fo be smoked into

each trap (q) and the number in the test saniple for condition-
ing (C x N).

7.6.2 Preparation of electrostatic smoke trap

For all operations the operator shall prevent contamination
from the fingers by wearing gloves of a suitgble material.

The precipitation tube shall be brought to equilibrium with the
ambient conditions before use. Usually 10 min is sufficient for
equilibration to the conditioning atmosphdre as defined in
ISO 3402. Before connecting the glass tubg to the smoking
machine, weigh it to the nearest 0,5 mg. When the tube has

The butt fengthrshould-bemarked-omrthecigarettesimaccord=
ance with 4.9 of 1SO 3308 before conditioning.

Care should be taken to avoid damaging the cigarettes during
butt marking. Any cigarettes accidentally torn or punctured
during marking, or any found during marking to be defective,
shall be discarded.

7.3 Selection of cigarettes

If a selection by mass or draw resistance (or any other
parameter} is necessary because of the nature of the problem
being studied, the selection is not to be considered as a method
of reducing the number of cigarettes to be smoked.

been inserted and earthed, set the high voltage to 20 kV.

7.6.3 Setting up the smoking machine

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

If draught screens are needed to achieve the standard ambient
conditions (see 5.4 of 1ISO 3308} set them in place.

With the machine warmed up, check that the puff duration and
puff frequency on each channel are in accordance with the
standard conditions.
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7.6.3.1 Measurement of puff duration

A timer working with reference to a crystal-controlled oscillator
shall be used to measure the period of time which elapses be-
tween the triggering operations which begin and end a puffing
action- 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 shouid be coupled directly
to the triggering circuits.

NOTE — It is 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.

Adjust the position of each cigarette so that when the burning
coal reaches the butt mark, the puff termination device is
activated. If the burning through of cotton threads (30 to 40
denier) is used to terminate smoking at the butt mark, the
cotton shall just touch the cigarettes at the butt mark, without
modifying the cigarette positioning.

Zero the puff counters and light each cigarette at the beginning
of its first puff. When each butt mark has been reached,
remove the burning coal from the cigarette, and note the final
reading of the puff counters. Take at least one clearing puff,
but no more than three, immediately the smoking process is

complete and remove the cigarette hutt
Lo

7.6.3.2 Checking of puff frequency

Measure the pefiod of time which elapses between the trigger-

ing operations

timer used shal

lvhich begin successive puffing actions of the

be suitable for measuring to the nearest 0,1 s.

smoking machi[e. This will determine the puff frequency. The

It should be co

7.6.3.3 Measy

Fit the prepare
onto the machi

For each chann
resistance of ti]
volume of 35 3

pled directly to the triggering circuits.

rement of puff volume

H smoking trap or traps and cigarette holders
ne.

el attach a resistance equal to the mean draw
e test cigarettes plus 200 Pa. Check the puff
0,1 ml and readjust if necessary. .

The displacemgnt of the bubble in a soap bubble flow meter
oa

gives a direct
check for leaks

surement of puff volume and also provides a
in the system.

idator shall be accurate over a range 0 to-50-ml

uated in 0,1 ml divisions. It shall be connected

series of measyrements, the instrument shall-be wetted twice
with detergent solution and then allowed-to drain for a period
of between 30 § and 45 s.

meter shall contain an agqueous solution of a

NOTE — Avoid disturbance of the smoking by artificial rgmoval of ash.

New cigarettes shall be inserted immediately and the smoking
process repeated until the predetermingéd number df cigarettes,
according to the smoking plan,chas been smoked into the
smoke trap. Begin the determination of total partiqulate matter
as described in 7.7 immediately:

7.7 Determination‘of total particulate matter

Remove the snioké”traps from the smoking machine. Where
necessary, remove the cigarette holder from the smoke trap. It
is recommended, particularly when plain cigarettes have been
smoked that this latter operation be conducted with the smoke
trap held with its cigarette-facing side downwards fo avoid any
possible contaminants from the cigarette holder feaching the
smoke trap.

Immediately weigh the smoke traps to the nearest 0,5 mg.

7.8 Calculation of total particulate mat]:r

The mean mass per cigarette of total particulate matter T for

each channel, expressed in milligrams per cigarettd, is given by
the equation

my — m
SR L

q
where

mg is the mass, in milligrams, of the smoke|trap before
smoking;

my is the mass, in milligrams, of the smoke trap after

rounding the smoking machine and note the atmospheric
pressure. Check the ambient conditions if it is suspected that
the air current may be too high.

7.6.4 Procedure for smoking run

Insert the conditioned cigarettes into the cigarette holders to
the standard depth avoiding any leaks or deformations. Any
cigarettes found to have obvious defects, or which have been
damaged during insertion, shall be discarded and replaced with
spare conditioned cigarettes. Using the apparatus described in
5.9, ensure that the cigarettes are positioned correctly; the axis
of cigarettes shall coincide with the axis of the ports.

smokir Li* P

q is the number of cigarettes smoked into the trap.

7.9 Treatment of total particulate matter
The total particulate matter may be used for

— determination of water.content and calculation of dry
particulate matter;

— determination of nicotine alkaloids content according
to ISO 3400 and calculation of nicotine-free dry particulate
matter.
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8 Determination of water content of the total
particulate matter

This may be determined either by the Karl Fischer method or by
gas chromatography. Care shall be taken during all operations
to avoid contamination from atmospheric moisture.

All glassware used in the water determination shall be heated at

105 °C for at least 1 h after visible water has evaporated, and
cooled and stored in a desiccator over silica gel until used.

8.1 Karl Fischer method

1SO 8453 : 1987 (E)

where

m,, is the mass, in milligrams, of the volume of water (V)
used for the standardization of the Karl Fischer reagent;

V, is the mean volume, in millilitres, of the Karl Fischer
reagent used for the titration of the water.

8.1.1 Apparatus

NOTE —~ The use of automatic apparatus is recommended for the
pipetting arld titration of the solvents and solutions.

8.1.1.1 HKarl Fischer apparatus for automatic titration, with
automatic | burettes of 25 ml capacity each, graduated in
0,05 ml, pfovided with connecting pieces and tubes, and one
additional putomatic burette of 50 ml capacity.

8.1.1.2 Sleeve caps with conical 29/32 ground glass joints
and taps.

8.1.1.3 (onical stopper 29/32, made of PTFE, provided
with a vertilation piece.

8.1.1.4 Miicro-syringe, capacity 50 pl.

8.1.1.5 (onical flasks with a conical 29/32 ground-glass
joint, capdgcity 150 ml.

8.1.2 Repgents

All reagents used shall be of analytical reagent quality.

8.1.2.1 HKarl Fischer reagent (KFR) with a water equivalent
between 3,5 and 4,5 mg/ml.

8.1.2.2 ethanol with a water content of less than
0,05 g/100 g.

8.1.2.3 Silicd gel, freshly activated.

8.T.5 Procedure

Fit the precipitation tube of the electrostatic smoke trap charg-
ed with smoke particulate matter-onto a dry conical flask of
capacity 150 ml and make an airtight closurg by means of a
sleeve cap with tap.

Introduce through the aperture of the tap, |by means of an
automatic burette, @ maximum of two portfons of 20 ml of
methanol in such a'way that the precipitatign tube is rinsed.
Close the tap_and shake until the smoke particulate matter is
completely dissolved and the solution is mixed. Disconnect the
precipitation, tube from the conical flasd, excluding at-
mospheric'moisture, and close the flask immddiately by means
of the'PTFE stopper.

For rinsing, transfer by means of an automgtic burette three
portions of about 4 m! of the smoke particulate matter solution
from the conical flask into the titration vgssel and titrate.
Transfer in the same manner 10 ml of the gmoke particulate
matter solution (V) into the titration vessegl. Determine the
volume of Karl Fischer reagent used for the fitration (V).

Treat a blank trap stored under the same copditions as those
used for smoking in exactly the same manher as described
above to determine the volume of Karl Fisgher reagent cor-
responding to the blank titration (V).

8.1.6 Calculation of the water content

The water content W of the total particulat¢ matter for each
trap, expressed in milligrams per cigarette,| is given by the
equation

(V- V,) x ExXV,
W= b k

g x V,

8.1.3 Standardization of Karl Fischer reagent

Transfer, by means of an automatic burette, about 25 mi of
methanol into the titration vessel and titrate automatically with
Karl Fischer reagent. Add, by means of a micro-syringe, 50 LI
of water (V,,) and titrate again with Karl Fischer reagent (V).
Carry out this procedure three times and calculate the mean
value (V). Repeat the standardization of Karl Fischer reagent
on every working day.

8.1.4 Calculation of the water equivalent

The water equivalent E of the Karl Fischer reagent, expressed
in milligrams H,0 per millilitre, is given by the equation

where

V is the volume, in millilitres, of the Karl Fischer reagent
used for the titration of the total particulate matter solution;

V), is the volume, in millilitres, of the Karl Fischer reagent
used for the blank titration;

E is the water equivalent of the Karl Fischer reagent, in
milligrams H,0 per millilitre;

g is the number of cigarettes smoked into each smoke
trap;
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V\ is the volume, in millilitres, of methanol used for dissolving A, s the peak area or peak height ratio of the intersect be-
the total particulate matter; tween the regression line and the top standard;

V, is the volume, in millilitres, of the total particulate matter Ap is the peak area or peak height ratio of the intersect be-
solution used for the titration. tween the regression line and the blank.

8.2 Gas chromatographic method 8.25 Procedure

Put the precipitation tube of the electrostatic smoke trap charg-
8.2.1 Apparatus ed with smoke particulate matter onto a dry conical flask of
capacity 150 ml and make an airtight closure by means of a

Gas chromat
dual-column ggs chromatograph equipped with

Introduce through the aperture of the tap, by means of an

al a Katharometer detector; automatic burette, two portions of 10 mi"af solvént {8.2.2) in

) ) such a way that the precipitation tube is)rinsed. Glose the tap
b} column packing material : a porous polymer com- and shake until the smoke particulite matter i§ completely
posed of thains of ethylvinylbenzene cross-linked by dissolved and the solution is mixed. Disconnect the precipita-
divinylbenzgne'), in the form of beads sized between 149 tion tube from the conical flask, excluding latmospheric
and 177 uny moisture, and close the flask‘immediately by meafs of a PTFE

: stopper.
c) helium|of high purity as carrier gas; PP

d) conical flasks with 29/32 ground glass joint, capacity Measure the water content of this solution by injedting suitably
150 ml. ' sized aliquots into the gas chromatograph.

Prepare ablank trap and treat in exactly the same manner as
8.2.2 Solven above,.(sing the same precautions.

200 : 1 {V/ V) mpixture of propan-2-ol and ethanol as internal

standard (analytical grade). For each sample, calculate the ratio of water pdak : ethanol

peak by area or height, as in 8.2.3.

8.2.3 Calibration of gas chromatograph 8.2.6 Calculation of the water content

Weigh four dry stoppered 150 ml conical flasks [8.2.1d)}" In-

ject 10, 20, 30 £nd 40 i of water into the flasks and réweigh. "The water content W of the total particulate mafter for each

trap, expressed in milligrams per cigarette, is given py the equa-

Pipette 20 mi gortions of solvent (8.2.2) into each\flask and a i
ion

similar empty flask. Shake all the flasks thoroughly to disperse
the water. Carry out duplicate determinations using appropriate
injections of eath solution and calculate the ratio of water peak _ (A7 — Ay X F
area to ethanol peak area. Plot a graph-of the peak area ratio W= q
against weigheql water content and.construct the best linear fit

for all the points. where

NOTE — If an’ ntegra'tor is_nof availgble, the water peak height : A, is the peak area or peak height ratio of the sample;
ethanol peak height ratio may_be used instead.

A, is the peak area or peak height ratio of the blank;

F is the calibration factor;

8.24 CalculTion of calibratibn factor

The calibration factor F is given by the equation . . .
q is the number of cigarettes smoked into each smoke

s trap.
F=-—=>"
Ay — Ap . .
8.3 Calculation of dry particulate matter
where
This is calculated for each trap from the equation
S is the mass, in milligrams, of the volume of water used
for the top standard (40 ul);. D=T-W

1) For example Porapak Q or Chromosorb 102 or similar material.
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where

D s the dry particulate matter, in milligrams per cigarette;

T is the total particulate matter, in miligrams per
cigarette;
W is the water content of the total particulate matter, in

milligrams per cigarette.

9 Determination of nicotine-free dry
particulate matter

1SO 8453: 1987 (E)

— Name of manufacturer, country of manufacture.
— Length of cigarette.
— Length of filter.

—  Length of overwrap.

10.2 Sampling

—  Type of sampling procedure.

9.1 ProLedure

Measure
1SO 3400.

9.2 Cal

he nicotine alkaloids content in accordance with

culation

This is calculated for each trap from the eguation

G =1 - Hy
where
G is the nicotine-free dry particulate matter, in milligrams

per cigarette;

D is

in mill
1SO 3

he dry particuiate matter, in milligrams per cigarette;

H,. J;:he nicotine alkaloids in the total particulate matter,

grams per cigarette, measured in accordance with

10 Tegt report

The test
obtained.
specified
optional,
ed the re

The test

eport shall show the method used 'and the results
It shall also mention any operating conditions not
in this International Standard, or regarded as
s well as any circumstances that may have influenc-
ults.

eport shall include ‘ail details required for complete

identification of the sample. Where appropriate, record the

informatig

n in 10.1 t0.10.4.

10.1 Characteristic data about the cigarette

— Ci

garette identification. In the case of a commercial

10.3 Description of test

10.4 Test results

—Numberof tigarettesmiaboratorysample.

— - Date and location of purchase:

— Date of test.
—  Type of smoking)machine used.
—  Type of smoke trap used.

—  Totahpumber of cigarettes smoked in the entire deter-
mination on that cigarette type.

—\"Number of cigarettes smoked into egch smoke trap.

— Butt length.

— Room temperature (°C) during smokjing operation.
— Relative humidity { %) during smoking operation.

o Atrhospheric pressure (N/m2) during smoking opera-
tion.

— Type of test procedures used.

— Average mass (mg/cig.) of conditioned cigarettes
selected for smoking operation.

— Average mass of tobacco (mg/cig}} in conditioned
cigarettes.

— Water content (% by mass) of conditioned cigarettes
(see ISO 6488).

cigarette this should include :

a)
b)
c)
d)

e}

product name;

date of sampling;

place of purchase or sampling;
kind of sampling point;

sampling point (e.g. address of retail outlet or

machine number);

f)

g)
h)

packet number (of that product sampled that day};
laboratory;

marks on any tax stamp.

— Average draw resistance o1 conditioned cigarettes.
—  Diameter of cigarettes.

—  Average number of puffs per cigarette for each channel
to the nearest 0,1 puff.

— Total particulate matter (mg/cig.) for each channel to
the nearest 0,1 mg.

~— Dry particulate matter (mg/cig.} for each channel to
the nearest 0,1 mg.

— Nicotine-free dry condensate (mg/cig.} for each chan-
nel to the nearest 0,1 mg.
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