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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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INTERNATIONAL STANDARD

ISO 16055:2012(E)

Tobacco and tobacco products — Monitor test piece —
Requirements and use

1 Scope

This International Standard describes the requirements for a monitor test piece as well as its use.

2 Normative references

The
refer

following referenced documents are indispensable for the application of this'documer
ences, only the edition cited applies. For undated references, the latest é€dition of the

document (including any amendments) applies.

ISO 3

ISO 4
analy

ISO 5
for th

ISO 7}
ISO 7
ISO §

ISO §
meth

ISO 1
ISO1
ISO 1

3 r
For t

3.1

308, Routine analytical cigarette-smoking machine — Definitions arid-standard conditiof

}387, Cigarettes — Determination of total and nicotine-free dry_particulate matter usi
rtical smoking machine

e determination of repeatability and reproducibility of @standard measurement method
870-1, Control charts — General guide and introdiction

873, Control charts for arithmetic average with'warning limits

258:1991, Shewhart control charts

454, Cigarettes — Determination of'carbon monoxide in the vapour phase of cigarette sn
od

0315, Cigarettes — Determination of nicotine in smoke condensates — Gas-chromatogra
0362-1, Cigarettes — Determination of water in smoke condensates — Part 1: Gas-chromatogr

0362-2, Cigarettes= Determination of water in smoke condensates — Part 2: Karl Fisch

[erms and‘definitions

he purposes of this document, the following terms and definitions apply.

t. For dated
b referenced

1N

ng a routine

725-2, Accuracy (trueness and precision) of measurement.methods and results — Part 2: Basic method

oke — NDIR

phic method
iphic method

br method

mon

7S 'S 'S 3
UL tCOL PICLC

sample produced for a specific test purpose, validated to fulfil requirements within specified tolerances and
intended to be used for laboratory purposes only and labelled to clearly indicate that it is not for human use

Note 1to entry: Amonitor test piece isa sample taken from a batch of cigarettes that show the greatesthomogeneity
with regard to their physical, chemical and smoke yield characteristics.

3.2

analysis value
result, based on the testing of 5 or 20 items (depending on the type of smoking machine used), of a
smoking test and analysis carried out in accordance with ISO 4387, 1SO 8454, 1SO 10315 and ISO 10362-1
(or ISO 10362-2)
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4 Requirements
4.1 The monitor test pieces shall be produced from one production batch.

4.2 The number of monitor test pieces produced shall be sufficient to cover the needs of a period of at
least two years.

4.3 For reasons of homogeneity, the cut tobacco used shall be taken from one well-mixed batch (if
possible, it is advisable to use a single grade of tobacco with no addition of further materials, such as

stems, humectants or flavours, to avoid unnecessary heterogeneity of the blend).

4.4 The
productio

Recommend

The require]

n-tobacco materials used, such as cigarette paper and filters, shall be takencfrom

nlratch and strict quality-control measures shall be applied during the production of the filters.

ed specifications for the production of the monitor test piece are to be found-in Annex|

ments shall now include a stable yield for carbon monoxide which is-best obtained w

non-ventilated filter. Therefore the recommendation is that the monitor test piece‘is unventilated.

If it is neces
used due to

conditioning.

4.5 The pi
piece shall |
control mea
physical, chd
of areliable
yields. The s

4.6 The
particulate 11
by means of]
for local or |

4.7 The p:
are to be usd

NOTE (o]
of hygiene. N

cary to use humectants for the tobacco only glycerol is allowed; Propylene glycol cann

one

B.

ith a

ot be

its high vapour pressure, which may lead to uncontrolled (\fndetected) loss of mass difiring

-
p

roduction tolerances on tobacco mass, circumference’and draw resistance of the monito

I test
hlity-

e controlled as precisely as possible. It will normally be necessary to increase the qu
sures and to decrease the production machine, speed to obtain the required consiste

Cy in
bmical and smoke yields of the monitor test pigces. Mass control is critical in the prodlrl];tion
monitor test piece. Excessive mass variatien‘contributes to unacceptable variation in sijnoke

tandard deviation of mass of individualionitor test piece must be controlled to below 1

onitor test pieces in a lot shall show consistent values for the content of nicotine-fre
hatter, nicotine and carbon monoxide in their smoke yields. This consistency shall be ass¢
a comparative study of sufficient size, the size chosen depending on whether the moni
roader use (see ISO 5725t2).

ckaged monitor test-pieces shall be stored at a temperature below or equal to +4 °C until
d.

her referencéstandards in the tobacco field require a storage temperature below -16 °C for re
brmally, astarage temperature of +4 °C is sufficient for monitor test pieces.

4.8 The

nicotine and ¢arbon monoxide) are sufficiently high per monitor test piece (approximately 14 mg NH

b mg.

e dry
pssed
tor is

they

psons

atter,
DPM

roduct “design shall ensure that the smoke yields (nicotine-free dry particulate m
qﬁmm

and carbon monoxide, approximately 1,

smoking ma

4.9

chine settings can be distinguished from the normal variation of the smoke yields.

The monitor test pieces shall be packed in hard boxes of 20 which should be carrying a text.

EXAMPLE

n the

[t is essential to make the monitor test piece clearly distinguishable from commercial cigarettes.

CORESTA approved, Monitor No. X, for non-consumer laboratory purposes only. Not a commercial
product [date of production].

5 Testing

Testing of the lot, including determination of the values for carbon monoxide, nicotine-free dry
particulate matter and nicotine in the smoke, shall be carried out in accordance with ISO 8454, ISO 4387,

© ISO 2012 - All rights reserved
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[SO10315and ISO 10362-1 (or ISO 10362-2) in the form of an inter-laboratory trial runin accordance with
IS0 5725-2. The study shall be performed by using the butt length given in the data sheet accompanying
the monitor test piece.

Monitor test pieces for daily routine use may be produced by the individual company for its own purposes.
However, for the purposes of inter-laboratory comparisons or for comparison of analytical consistency
between laboratories, it is advised to use monitor test pieces from a common source. At present, a
monitor test piece is available from CORESTAY. The CORESTA monitor test piece is tested annually for
consistent smoke yields in an international comparative study in accordance with ISO 5725-2.

6 Nata choot infornaats o
7UALU JIIVCU LU TIIIVUL TI1IIAdLIVIX

6.1 | General

A data sheet from the source of supply of the monitor test piece shall be includéd: It shallf contain the
information set out in 6.2 and 6.3.

6.2 | General production specifications

The §pecifications for length, diameter, filter length, tipping length and filter material.

6.3 | Analysis values from inter-laboratory testing

The rfesults from the inter-laboratory testing of the moniter test piece, comprising:
— the butt length used;

— the type of smoking machine used;

— the average and standard deviation of the' results for nicotine in the smoke;

— the average and standard deviatjenof the results for nicotine-free dry particulate matfer;
— the average and standard deviation of the results for carbon monoxide in the smoke;

— the two-sided confidence interval for the mean values, with a confidence level of 95 %.

7 Use

7.1 | General

Monitor testpieces are used to monitor the stability of the analytical processes involved|when using
a cighrette-smoking machine for routine analyses in accordance with ISO 3308. In particuflar, they are
used|teassess whether the analytical process related to the machine-smoking of cigarett‘;ls [described
in ISO 3402, ISO 4387, ISO 8454, ISO 10315 and ISO 10362-1 (or ISO 10362-2)] is "in statistical control”
(see ISO 7870-1).

NOTE1 As monitor test pieces are produced for process-control purposes, the product design is chosen to
give smoke yields which are well suited to these purposes and thus may well not conform to official declaration
restrictions. In this context, it should be understood that the monitor test piece is not to be regarded as a
commercial cigarette.

The routine use of monitor test pieces may vary from laboratory to laboratory and between the two
commonly used types of analytical smoking machine. The general principle is to evaluate the consistency
of the values of the essential parameters (such as puff number, carbon monoxide in the vapour phase,

1) Address: CORESTA, 11, rue du Quatre-Septembre, F-75002 Paris. www.coresta.org

© IS0 2012 - All rights reserved 3
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total particulate matter, nicotine and water in smoke condensate and nicotine-free dry particulate
matter) by using control charts.

Monitor test pieces are not to be used for calibration purposes, and the results obtained with monitor
test pieces shall not be used for correcting or calculating analytical data from investigation samples.

The smoke yields will normally be based upon the smoking of at least 20 monitor test pieces/cigarettes
as described in ISO 4387.

The smoking of 20 cigarettes will give one average result from a rotary smoking machine whereas a
linear smoking machine will give 4 average results from smoking 5 cigarettes in each of 4 channels. This
means that the variation in the smoking process has to he determined hy different methods for the two
smoking malchines. For the rotary machine, the variation may be determined as a “between smoke runs”
variation whereas the variation for the linear machine may be determined from the 4 individual'results
from the 4 ¢hannels. In other words, the process variation from the rotary smoking machine is hased
on “independent” single results while the variation from the linear smoking machine can'be based on 4
results fron] one smoke run but from 4 “independent” channels.

This means|that different types of control chart have to be used for the two smoking machines| The
actual choide shall be made according to the actual demands and cannot be Spgcified to fit all npeds.
Annex A gives advice on, and examples of, the practical use of control charts:

NOTE 2  Thisadvice is based on the statistical theory described in ISO 7870-1,ISO 7873 and ISO 8258 compined
with practicgl experience from daily use.

Figure 1 illustrates the use of monitor test pieces in routine smoking analysis.

IMPORTAN[T — When analysing the control chart, alwaysfest for assignable causes in accordance
with ISO 8258 and ISO 7873.

4 © IS0 2012 - All rights reserved
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Construct the control chart in accordance with ISO 7870, ISO 7873 and ISO 8258

Smoke and analyse
monitor test piece
Resgl‘? .for No Search for Eliminate
e errors errors
0.K.?
Average Search for
0.K? errors
No
Smoke
cigarette
samples ~Can
Yes cigarette
results be regarded
Smoke and analyse as valid?
monitor test piece
Resglt f or No Search for Eliminate
varlation errors errors
0K
Average Search for
0.K? errors

\J

And so on

Figure 1 — Flow chart for use of monitor test pieces in routine analytical smoking

7.2 Practical procedures for the use of monitor test pieces

The practical procedures for use of monitor test pieces are based upon the condition that the consistency
of a process can be evaluated by analysing control samples at chosen intervals, and comparison of the
test results graphically in a control chart (see ISO 7870-1).

© IS0 2012 - All rights reserved
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The frequency at which the monitor test pieces shall be analysed cannot be specified. It depends on
the local need. But the following considerations describe the importance of a practical choice (see also
1SO 8258:1991, 10.4).

Under the condition that the analytical process is consistent (stable), it is assumed that all the analytical
results obtained between two valid results from the monitor test pieces are also valid. In contrast,
results obtained during a period which begins with a valid check result and ends with a non-valid check
result must be regarded as non-valid until further investigations have indicated their validity. Thus
there is a risk of having to reject these results and having to repeat the analysis. To avoid the loss of
large numbers of results, it is important to analyse the monitor test piece at intervals which are not “too
great”. [t becomes a balance between analytical capacity and need for confirmation of consistency.

The procedlllre for the two types of smoking machine will be different but based, of course, upoh the

same principle: sequential smoking and confirmation of the validity of the smoking results.
The following procedure can be recommended:

For the rotary smoking machine: At the beginning of a series of smoking analyses, asmoking rup and

an analysis {
smoke runsj

For the ling
piece is smq@
smoking, th
for every 2 d
test piece is

s performed with the monitor test piece. At practical intervals (for example for each 10
, this procedure should be repeated, ending the day with smoking ©f;the monitor test y

bar smoking machine: At the beginning of a series of smoking)analyses, the monitoj
ked on a selection of channels (4 would normally fit into a-smoking plan). During the
is could be repeated at a practical frequency, with test gieces being smoked on 4 cha

to 15
iece.

' test
daily
hnels

r 3 smoke runs. To secure the best information, it is important that smoking of the mopitor

evenly distributed on all 20 channels over a period of'time.

7.3 Practlical use of control charts

The analysip values from smoking and analysis of menitor test pieces are plotted on the approp
control chaits (see Annex A and ISO 7870-1, ISO 7873 and ISO 8258) so that the results for averag
for variation can be evaluated.

It is possible to use control charts where'‘standard values are given, but also where the stan
values are not given (see ISO 8258:1991,%4.1, 4.2 and Clause 12). This means that control charts c3
constructed| for the individual laboratery without knowledge of the official target values for thg

piece, but t

The control
control limi
the consistd
causes (see

It is a matte|
set or two s¢
values from

e control chart can also(be constructed with reference to target values.

charts may have beth warning and action limits (see ISO 7873) or have only one {

ncy of the analytical process it is very important that the rules for testing for assigi
SO 8258:1994, Introduction and Clause 7) are followed.

ts of control limits. It depends on the actual needs. It may be practical to combine the t

the inter-laboratory testing with the results from the individual laboratory’s own ro

riate
b and

dard
n be
test

et of

s (see ISO 8258 Either kind of control chart can be used, but for the correct evaluatipn of

nable

r of cheice’whether to use control charts with or without target values combined witl one

hrget
itine

check. On t}

21 1 R 1 : i 1L 1.1 PRS- 1. 11 h TN |
C ULICT 141U, UIIS TIId y DT HIIPIdLULILAT TUT IdDUT dLOTITS WITILIT IIdVE dlIdIy LILdl dVET dgTS 'V

hich

differ from the target values. In these cases, the consistency check will be affected by the obstruction of
the control limits by the official target values, and it may be better to determine any difference between
the local average and the official average by other statistical methods for differences between variances
and between averages.

© ISO 2012 - All rights reserved
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Annex A
(informative)

Control charts

General

The

is illy
infon
char
the c
The 1
mor¢
and 1
rotaj
used

A2

A.2,

A.2.]

A sui
and 1
movi

Two
are g
been
could
The

the mean chartis “0ut of control” which ought, of course, to have prompted deliberations coi

actud

The ¢
can I

Istrated below by three examples which are by no means mandatory or complete.
mation, see e.g. ISO 8258, ISO 7870-1 and ISO 7873 which describe the theoty.dnd us
's. [ISO 8258 also includes information about the eight tests necessary fordnterpreting
ontrol charts, tests which are vital before the decision is made that a control chart is °
irst two examples describe different types of control chart: one for smoking processe
than one result per smoke run (typically smoking on several channels-on linear smokin
he other for smoking processes which give only one result per smoke run (typically s
y smoking machine). The third example is a control chart with standard values given|
in cases where smoking analysis is not performed continueusly.

Calculation of control chart limits

Il Examples 1 and 2

.1 General

table control chart for linear machinés can be a “mean and standard deviation” chart
ange” chart). For the rotary smoking machine, an “individuals” chart (also known as
ng range” chart) is described.

sets of results for calculation of control limits for nicotine-free dry particulate matt
iven in Table A.1, in which-the subgroup averages in Example 1 and the results in Ex

| be seen as practicaljlaboratory results. The calculations are performed as described
control charts afesshown in Figures A.1 and A.2. Please note that in Figure A.1 the 1

1 consistency: of the smoke analysis immediately after the analysis.

pxamples.given are control charts without warning limits. Should warning limits be re
e caletilated at a distance from the central line equal to 2o.

Choice of control charts for plotting results from smoking and analysis of the monit&l)r test piece

[For further
e of control
patterns in
in control”.)
5 which give
g machines)
moking on a
and may be

(or a “mean
h “mean and

er (NFDPM)
ple 2 have

chosen so that they are identical. The examples are chosen to be as realistic as possibé;lénand in fact

in ISO 8258.
Pth result in
icerning the

quired, they

NOTE

Tha numabhae Af cobhgratine nacnccaryg forthao conctryietinn Af 4 ~onten] chast 1o Tyt
e HHABe- 6588 gFoupSRecesSsary 1o +tHe—E€oR5StrueHo6+ coftFrer—enartIsHRpoerta

nt. ISO 8258

recommends in the text that 20 to 25 subgroups should be obtained but the examples go as low as 15. No safe
number can be given, but care should be exercised that the analytical process during the initial collection of data
is not influenced intermittently by extraneous changes such as in machine settings or other external factors.
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Table A.1 — Examples of the calculation of control chart limits

EXAMPLE 1 EXAMPLE 2
LE:nigiisnlg?)l;lrgfg sﬁg;se Rotary smoking machine
Mean and standard deviation chart Mean and moving range chart
Subgroup Subgroup Subgroup Subgroup Result Moving range
number average standard number R
deviation
mg NFDPM mg NFDPM mg NFDPM mg NFDPM
1 15,0 0,52 1 15,0 —
2 15,2 0,54 2 15,2 02
3 15,2 0,24 3 15,2 0,0
4 15,8 0,22 4 15,8 0,6
5 15,6 0,47 5 15,6 0,2
6 15,7 0,69 6 157 0,1
7 15,1 0,57 7 15,1 0,6
8 16,0 0,29 8 16,0 09
9 14,9 0,12 9 14,9 1,1
10 14,9 0,55 10 14,9 0,0
11 15,4 0,67 11 15,4 0,5
12 14,5 0,63 12 14,5 09
13 15,6 0,56 13 15,6 1,1
14 15,1 0,33 14 15,1 0,5
15 15,5 0,43 15 15,5 0,4
Mean X =15,30 5 =0,455 Mean X =15,30 R =0,5]
UCL 16,04 103 UCL 16,20 1,67
LCL 14,56 0 LCL 14,40 0
NOTE UCL E Upper control limit; LCL =)Lower control limit.
A.2.1.2 Formulae for thecalculation of UCL and LCL in the mean and standard deviation
chart (Example 1)
UCL; and LCL% , expressed in mg of NFDPM, are given by the equations:
UCL; =|x-%1,628 x 5

LCLy =X -1,628x 5

where

8 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=a6d154a2218475b97a58b12fb3546aa3

ISO 16055:2012(E)

1,628 is the factor for the control limits (see ISO 8258:1991, Table 2, A3 for n = 4);

UCL; and LCLg, expressed in mg of NFDPM, are given by the equations:
UCL =2,266xs
2,266 being the factor for the control limits (see ISO 8258:1991, Table 2, B4 for n = 4),

LCL; =0xs

0 being the factor for the control limits (see ISO 8258:1991, Table 2, Bz for n = 4).

A.2.2 Formulae for the calculation of UCL and LCL in the mean and range chart (Example 2)

UCLyand LCLy, expressed in mg of NFDPM, are given by the equations:

2 xR
1,128

ycL, =x +

LUCL, =X - 2 X
1,128

where

+——— s the factor for the control limits (see [SO8258:1991, Table 3, Ep = di and Taple 2,
2

,128
dp = 1,128 for n = 2).

WCLR and LCLE, expressed in mg of NFDPM, are given by the equations:

UCLg=3,267 x R

3,267 being thetfactor for the control limits (see ISO 8258:1991, Table 2, 4 for n = 2),

LCLr=0x R

0 beingthe factor for the control limits (see ISO 8258:1991, Table 2, D3 for n = 2).

© IS0 2012 - All rights reserved
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x=15,3

subgrouyj

14,6
14,4
14,2
14
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1,1
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0,1
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5=0,45

v

W
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1
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g

standard deviation

UCL.
LCL.

Figure A.1 — Mean and standard deviation chart
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Figure A.2 — Mean and moving range chart
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A.2.3 Example 3

A.2.3.1 General

Control charts with standard values may be used in cases where a laboratory does not perform
smoking analysis continuously. The control charts are intended for use only as an internal control of the

consistency

of the smoking analysis within the laboratory.

In contrast to Examples 1 and 2, no explicit data are given for this example, only a raw control chart
being shown in Figure A.3. The standard values for this control chart should be taken from an inter-
laboratory trial (see NOTE) in which the smoke yields between individual laboratories may exhibit

greater scat
that not evd
the inter-laH
differ from
the control
from the int

If smoke yie
over the wh
this deviatid
taking any 1

NOTE Af
smoking tria
by the CORE|
Secretary-Ge

ter than the smoke yields within an individual laboratory. Thus it is necessary to as
ry individual laboratory will obtain results which approximate to the mean valties
oratory trial. This means that the individual laboratory can have mean smoke yields v
he standard values and at the same time still be regarded as smoking correctly as lo
Chart is in control and the smoke yields are within the variation over timeto be exp4
er-laboratory trial.

ds deviate systematically from the standard values (i.e. their scatter has e.g. a high vari
ble range), it is advisable for the laboratory to try to detect and correct the possible caug

on-scientific measures or by making any arithmetic calculations.

the time of publication of this International Standard, the‘only international inter-labor]
which exists is the annual smoking trial with the CORESTA monitor test piece which is perfo

neral of CORESTA.

A.2.3.2 Formulae for the mean chart

The mean
smoking tri
following ed

LCL, =

UCL, =1

X

where

alue (xp) and standard deviation (gg).for NFDPM are taken from the CORESTA af
pl using the CORESTA CM 3 monitor test piece (1999). LCLy and UCLy are given b
uations:

0~ 30'0 213,71

X0 is the mean of the subgroup measurements xy £ (¥ =15,13);

oo isthe standard variation of the laboratory mean values in the inter-laboratory study

(00

bume
from
rhich
hg as
pcted

htion
es of

n, but under no circumstances should the laboratory correct the level-of-smoke results by

atory
rmed

STA Routine Analytical Chemistry Sub-Group. Results, from this trial can be obtained from the

inual
7 the

-5 0,473).

A.2.3.3 Fo

rmulae for moving range chart

For control of the intra-laboratory variation, the mean value of the intra-laboratory variation (o1 = 0,275) is
used for the moving range chart. The central line (CL), LCLg and UCLRg are given by the following equations:

CL=1,128 x 01 = 0,310

LCLr=0xo01

12
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UCLg = 3,686 x 01

where
1,128 is the factor for the control limits (see ISO 8258:1991, Table 3 and Table 2, d; for n = 2);
0 is the factor for the control limits (see ISO 8258:1991, Table 3 and Table 2, D1 for n = 2);

3,686 is the factor for the control limits (see ISO 8258:1991, Table 3 and Table 2, D; for n = 2).
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