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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptional circumstances, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (“state of the art”, for example), it may decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative in nature and does not have to be reviewed until the data it provides are considered to be no
longer valid or useful.

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.

ISO/TR 22305 was prepared by Technical Committee ISO/TC 126, Tobacco and tobacco products.
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Introduction

0.1 Summary

The purpose of this Technical Report is to review the smoke yield data provided to Working Group
ISO/TC 126/WG 8 “Confidence intervals for the determination of carbon monoxide” and to use it as the basis
for proposing a tolerance for checks of declared carbon monoxide yields.

There are many laboratories around the world routinely measuring the nicotine-free dry particulate matter
(NFDPM), nicotine and carbon monoxide yield of cigarette brands. They can, in general, be divided into two
types: those run by cigarette manufacturers for quality monitoring and those run or contracted by regulators to
check the yield information provided by manufacturers.

These laboratories need to assess their performance against others to ensure the reliability of their
measurements. Their wide geographical spread limits such assessments on a national basis, so that
international collaborative studies provide the most practical means and generate data sets on a regular basis.
In addition to allowing individual laboratories to rank their measurements relative to others, the studies also
establish confidence intervals (Cls) for the repeatability (r20)1) of the measurements in a single laboratory and
reproducibility (R20)2) in different laboratories. The reported » and R values from each study have been used in
isolation but when combined, as in this report, provide a means of assessing if newly reported values are
outside the expected range. The values from the latest 2003 CORESTA study are compared in this way and
found to be within the previously reported range of values but at the lower end. There is no hard evidence,
therefore, that the harmonization work on smoking machines has reduced the variability in CO yield
measurements, but the data have been shown to be as good as the best previously reported. For this reason,
and because it was a large study including all current designs of smoking machine, it provides the most
appropriate data for estimating compliance tolerances.

The measurement Cls represented by r,, and Ry, provide a starting point for estimating the tolerances3)
relevant to compliance checks on the yield information provided by manufacturers. They need to be combined
with additional information on testing4) and reporting as well as the inherent variability in the product
associated with routine cigarette manufacturing. The statistical model given in this report is designed to
incorporate all the relevant information to estimate compliance tolerances. The model is based upon the within
and between laboratory standard deviations for tests of 100 cigarettes, together with additional terms to
account for rounding the declared values and to include the product variability. A weakness in the model
approach stems from the lack of data for estimating the terms relating to product variability, the only source of
data being the UK Department of Health Survey, which is not specifically designed to provide such data. For
this reason the model has been used in this report without including the product terms and the calculated
tolerance values [Rqgosmdql®) compared with those from an alternative indirect prediction. Obviously, the
Ripo+mdg Values are lower than the true compliance tolerance since they do not include the product terms.

The simplest indirect way of predicting a CO tolerance is from the measurement variability relative to NFDPM,
for which an accepted tolerance exists. The ratio of the Rqgg.qg Values calculated from the CORESTA 2003

Study data was used for this purpose.

1) Based on tests of 20 cigarettes.
2) Based on tests of 20 cigarettes.

3) IS0 8243 has always included tolerances for NFDPM and nicotine but an interim CO tolerance was added in 2003
whilst ISO/TC 126/WG 8 considered a permanent value.

4) See SO 4387 and ISO 8243.

5) Based on tests of 100 cigarettes with allowance for rounding the declared value.
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ISO 8243 provides procedures, and tolerances®), for sampling both ‘over a period of time’, which is
recommended, and ‘at one point in time’. Tolerances derived from both the statistical model and ratio methods
for ‘over a period of time’ sampling are summarized below.

Parameter evaluated Carbon monoxide tolerance

20 % with a minimum of 1,5 mg

R100+rndg or
25 % with a minimum of 1 mg

Ryg0+mag ratio

22 % with ini f 1
(CO/NFDPM) % with a minimum of 1,5 mg

It is recommended that the compliance tolerance for CO be set at 20 % for ‘over a period of time’ sampling,
and 25 % for ‘at one point in time’ sampling, with a minimum value of 1,5 mg. This recommendation implies a
corresponding amendment of ISO 8243.

It is further recommended that the tolerances and minimum values are reviewed when compliance rates are
established from regulatory checks. It is possible that such data may only become available in the UK and
may take two or three years to assemble.

0.2 General Information

Methods of measurement specified in ISO Standards require estimates of repeatability () and reproducibility
(R). These are normally derived from a collaborative study conforming to the guidelines in ISO 5725-1 [l and
ISO 5725-2 [2l involving as many laboratories as possible.

There is a particular problem in obtaining estimates when the measurement results in the destruction of the
product sample, for example, cigarettes or fuel for internal combustion engines. If laboratories are measuring
the physical dimensions of, say, metal nuts and their bolts, measurements can be made on the same items by
one operator within a laboratory (repeatability) and by different operators in many laboratories (reproducibility).
In this example it is always the same set of nuts and bolts which is measured throughout the experiment.

For cigarette smoke constituent determinations, the situation is entirely different. The cigarettes, once
sampled and smoked, produce a set of smoke constituent estimates, each of which is perfectly valid (provided
that the standard methods have been followed) but which cannot be repeated or confirmed. The only possible
check between data is to compare them with an accepted range of yield measurements.

A series of ISO Standards exists to condition the cigarettes [3], to specify the smoking machine [4] for routine
analytical smoking [l and to measure smoke nicotine [6], smoke water [/] [8] and smoke carbon monoxide
(CO) 91,

Variation in the final yield of smoke constituent arises from all these procedures but also from manufacture of
the product (see Annex A) and from the methods of sampling. These factors require the use of special
procedures in collaborative tests on cigarette products. Product variability is minimized by the testing of
matched samples, usually taken from a single small batch production, in each participating laboratory. The
samples, therefore, do not include the normal product variability and are not representative of any individual
brand.

The r and R values from collaborative studies are thus essentially estimates of measurement variability on
near identical samples. They cannot be used directly as a tolerance for compliance checks of cigarette brands
where other sources of variability must be taken into account.

6) The ‘over a period of time’ tolerances are 15 % for NFDPM and nicotine, and 20 % for CO. The tolerances when
sampling at ‘one point in time’ are increased to 20 % for NFDPM and nicotine and 25 % for CO. In both cases, a minimum
value of 1 mg applies to NFDPM and CO and 0,1 mg nicotine.
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0.3 Sampling a population of cigarettes manufactured for sale

ISO 8243 [19] specifies methods for sampling a population of cigarettes manufactured for sale. It also includes
the expected tolerances when cigarettes brands are so sampled and when smoke components are measured
using the standards detailed above.

Increasing international interest and in particular the EU Directive 2001/37/EC requiring the declaration of CO
yield on cigarette packs showed that revision of this standard was urgent. ISO/TC 126 therefore decided in
2003 to set up a working group WG 8 with the task of first making a revision to add a tolerance for CO to the
1991 edition of the standard, and then to continue to revise and if possible, simplify the text of the standard.
The first task was accomplished and ISO 8243 was published in 2003 as a minor revision. The tolerance for
CO was included on the basis of existing studies showing the need for a higher tolerance than for NFDPM.
However, further collaborative studies were conducted concurrently and the purpose of this Technical Report
is to record the data from these studies and to compare them with other sources of data not previously
reported in the ISO domain.

Any further revision will then have the most comprehensive data upon which to specify the tolerances for
nicotine-free dry particulate matter (NFDPM), nicotine and carbon monoxide.

;f0.4 Development of smoking machines

~Pressures on laboratory efficiency and the need for greater flexibility in changing smoking parameters and

-types of smoke traps, have led to the development of smoking machines of differing designs, although
‘meeting the requirements of 1ISO 3308. Evidence based on reproducibility values in 1ISO standards and other
sources (see Annexes B, C, D) has shown that CO measurements are more variable than NFDPM (a smoke
constituent of a similar level of yield). The various members of CORESTA?) have assisted the manufacturers
of smoking machines to better harmonize the operating conditions of the machines by evaluating the effect of
modifications through collaborative studies. Such development has been found necessary to improve the
agreement between smoke determinations on matched samples of cigarettes from different designs (all within
the 1SO 3308 specification) of smoking machines, a procedure which has been called ‘harmonization’. As a
final check on the harmonization a CORESTA Collaborative Study was set up in 2003, the details of which are
given in Annex F.

7) CORESTA: Cooperation Centre for Scientific Research Relative to Tobacco (Centre de Coopération pour les
Recherches Scientifiques Relatives au Tabac)
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TECHNICAL REPORT ISO/TR 22305:2006(E)

Cigarettes — Measurement of nicotine-free dry particulate
matter, nicotine, water and carbon monoxide in cigarette
smoke — Analysis of data from collaborative studies reporting
relationships between repeatability, reproducibility and
tolerances

1 Scope

This Technical Report records the data and conclusions from a review of international collaborative studies to
establish the tolerance for checks of the carbon monoxide yields declared by cigarette manufacturers for their
products, as specified in ISO 8243.

2 Statistical functions for repeatability (), reproducibility (R) of yield measurements
and compliance tolerances for declared smoke constituent yields

2.1 Statistical functions for repeatability (») and reproducibility (R)

ISO 5725-1 and I1SO 5725-2, present the general principles for collaborative tests and give methods for the
determination of » and R.

In the present context, a collaborative test essentially entails the recruitment of as many laboratories as
possible (8-15 is common to provide a reasonable level of confidence in » and R, according to
ISO 5725-1:1994; 6.3.4), using ISO standard methods and procedures under repeatability conditions, to
measure matched cigarette samples covering the normal range (normally 5 different samples, according to
ISO 5725-1:1994; 6.4.1) obtained from a short production run in order to minimize the product variability (‘If
different items are to be used in different laboratories, then they shall be selected in such a way as they can
be presumed to be identical for practical purposes.’, ISO 5725-1:1994, 6.4.2).

As noted earlier, ISO requires that estimates of » and R shall be included in each standard which details a
measurement procedure. In the present standards for the determination of NFDPM (ISO 4387), nicotine
(ISO 10315) and carbon monoxide (ISO 8454), the r and R values are calculated as

r=28%s,
and R = 2,8 * [sp2 + s5,2] /2

where

sy is the repeatability standard deviation between mean values of 20 cigarettes, with + » representing
95 % confidence intervals on the difference between two mean values (of 20 cigarettes), determined in
one laboratory from matched samples by one operator using the same equipment within the shortest
feasible period of time;

s, is the standard deviation between laboratories, with + R representing 95 % confidence intervals on
the difference between mean values (again, of 20 cigarettes from matched samples), determined in two
different laboratories by different operators using different equipment.
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NOTE For reasons of statistical validity, it is necessary that these statistics be calculated from replicate data points,
each based on mean values of a fixed number of cigarettes for both linear and rotary smoking machines: 20 in this
instance. For a linear smoking machine, therefore, a single mean value is formed by averaging over the results from
smoking 4 channels, of 5 cigarettes, on the same smoking run. For a rotary machine, this equates to one smoking run.
Repeatability and reproducibility values based on the testing of 20 cigarettes are designated by r,, and R,, respectively.

It should also be noted that prior to the final calculations to produce estimates of s, and s,, the data should be
screened for possible ‘outliers’; that is, extremely high or low results relative to the large majority of the data
which, if retained, would erroneously inflate the values of r and R. Various approaches for identifying outliers
within a laboratory data set are specified in ISO 5725-2:1994 and certain techniques are recommended.
However, the standard does not recommend tests for identifying outlying laboratories, but recognises the
need for informed judgement. Clause 7.2.5 states ‘This part of ISO 5725 does not provide a statistical test by
which suspected laboratories may be judged. The primary decision should be the responsibility of the
statistical expert, ....". Obviously suspect data is best removed if confirmed to be technically suspect by the
reporting laboratory. The consequence of removing too many results would be to erroneously reduce the
estimates of » and R; and most crucially, R would be under-estimated if results for complete laboratories were
unnecessarily removed. There is obviously a need for a cautious approach of this nature, which can result in
suspect values being reported; and some are highlighted in Tables 2 and 3.

2.2 A statistical model for compliance tolerances

It is important to appreciate that the 95 % confidence intervals based on r,q and R,q alone, would be too low if
applied in the context of checking on-pack declarations of NFDPM, nicotine and carbon monoxide. Two main
components are missing:

— that due to the effects of rounding, to declare the on-pack values for NFDPM and carbon monoxide to the
nearest integer and nicotine to one decimal place, and

— the component associated with the product (namely, longer-term product variability and the possible
interaction between different product designs and their measurement by separate laboratories).

In the case of rounding, this can be calculated by assuming that the ‘errors’ follow a rectangular distribution.
For example, if a mean value is to be corrected to the nearest integer, the errors would be evenly distributed
between — 0,5 and + 0,5. It follows (from mathematical analysis of this distribution-function) that a variance of
0,083 needs to be included for NFDPM and carbon monoxide when rounding is to the nearest integer, with a
variance of 0,00083 for nicotine when rounded to 1 decimal place.

Obtaining estimates of the additional product-related components of variance is not so straight forward. Ideally,
the collaborative studies carried out to estimate »,, and R,,, would have been replicated on numerous and
separate production runs of the brands tested. In the absence of this, the only data available for gaining
insight into the additional product-related statistical variation is that from the UK Department of Health Survey,
for which sampling and testing take place over a 12-month period and conform with ISO 8243. Results from
this survey are discussed in 3.2 and 4.4 of this document and a related technical paper is provided in Annex C.

In Annex C, a statistical model is presented to extend the calculated reproducibility value to include the
additional variance components due to rounding of the on-pack declared values of NFDPM, nicotine and
carbon monoxide, and those related to the product itself. This is reproduced below, firstly to illustrate the way
in which the different components of variance are combined for the purpose of estimating 95 % confidence
intervals for checking on-pack declarations and, secondly, to indicate the need for wider intervals when
sampling and testing occurs at one point in time rather than on a number of occasions over a period of time.

95 % CI=+ 2 {2 [(P £ s,2)/5 +s,2 + P|] + Rounding} * 1)
where

P is the variance due to product variability over time;

sp2 s the variance due to between laboratory differences for individual brands;
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P is the variance due to interaction between measurements by separate laboratories of different
brands;

sW2 is the repeatability variance to the basis of 20 cigarettes.

Rounding is the variance associated with rounding.

NOTE This model assumes that the mean values obtained by a manufacturer (for determining the packet
declaration) and by a would-be regulator (for checking purposes) are each based on the results from machine-smokings of
100 cigarettes, i.e. data from the smoking of 20 cigarettes on samples obtained on each of 5 separate occasions of
production.

If the additional product-related variance components are removed from (1), the model represents the
reproducibility R4qo for tests of 100 cigarettes.

Rigo = £ 2 {2 [5,2/5 +5,2]} * 2)

The effect of including the additional variance due to rounding in (2) above can be seen by comparing the R4
values (Tables 4 and 5) with the R100+mdg values (Tables 6 and 7). The increase due to rounding, whilst being
of practical importance, is small in comparison to the measurement variability. Its greatest impact is at the low
end of the yield range, as it diminishes with increasing yield.

The above statistical model (1) should be seen as a simplification of the full relationship for estimating the
tolerance. With a more extensive data-set, involving more laboratories than take part in the UK Survey, it may
well be shown that additional components of variance relating to measurements and the product over a period
of time should be included in this model. Even so, it does serve to show the way in which separate key
elements can be combined and indicates that when ‘spot-checks’ are made on packet declarations, the 95 %
confidence intervals will be higher than when sampling and testing is carried out on a number of occasions
over a period of time. The component P (and other possible time-related components not included in the
above model) would not be divided by 5 (i.e. the number of separate occasions of sampling and testing).

3 Sources of data

3.1 International collaborative studies

International collaborative studies take place on a regular basis, both to provide » and R values and to allow
laboratories to assess their performance against others. The latter is an essential part of validating the output
of smoke-testing laboratories (a requirement of 1ISO 17025 for laboratory accreditation), which is a need
clearly demonstrated by Annex D.

- The most recent data comes from the 2003 CORESTA Collaborative Study (CCS-03), but in recent years

- there have been a number of collaborative studies carried out both on an annual and an ad hoc basis. Two

- annual studies are those performed by members of the CORESTA Analytical Methods Group (CAMG) on the

- CORESTA Monitor and participants in the Asia Collaborative Study (ACS) on five commercial brands. An

- outline of the studies for which data are reviewed is given in Table 1, and the full report of the latest

- CORESTA Collaborative Study is attached (Annex F). Also included in Table 1 are the studies from which the
r and R values reported in 1ISO 4387:2000, ISO 10315:2000 and ISO 8454:1995 were derived.

The number of linear and rotary smoking machines used in each study is indicated in Table 1. It should be
noted that both the linear and rotary descriptions cover a range of designs which have changed over the
period covered by the studies. To take one example, 7 of the linear machines used for the 1SO 4387:2000
study were 8-channel machines, and the remainder were the normal 20-channel machines. No 8-channel
machines were used in the CCS-03 study, although 7 linear 16-channel machines were included.

The repeatability (r,g) and reproducibility (R,;) values based on the testing of 20 cigarettes are given in
Tables 2 and 3 respectively, for the measurement of NFDPM, nicotine and carbon monoxide yield.
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3.2 UK Department of Health Cigarette Survey data

The UK is the only market for which a substantial set of compliance data exists. The Department of Health
Cigarette Survey procedure forms the basis for verifying the packet declarations. Originally a survey covered a
6-month period with monthly sampling, but since 1995 they take place over a calendar year. Also since 1995,
each survey has involved bi-monthly sampling (from the factory or importer's warehouse) and laboratory
testing over a 12-month period, with 4 channels of 5 cigarettes being smoked per sampling occasion. The
official assessment of packet declarations compared with the Laboratory of the Government Chemist (LGC)38)
averages is carried out after the completion of each Survey and is based upon the average LGC value for at
least 5 occasions of sampling and testing.

Concurrent with the Department of Health Survey, some manufacturers carry out their own testing according
to the same format and on ‘matched’ samples from the same 200-outers (cartons). These data serve two
purposes. They are regularly compared with corresponding data from the LGC as a check on between
laboratory measurement differences; the measurement bias (Manufacturer’'s yield — LGC yield) being
calculated for each brand. They are also used to monitor the ongoing performance of individual brands in
relation to the NFDPM and smoke nicotine yields declared on the packet.

The average bias of all brands made or imported by a manufacturer during each survey can be easily
calculated and provides a simple way of comparing the performance of laboratories. The plots of mean
laboratory biases in Figures D.1, D.2 and D.3 show that differences between laboratories are not fixed but
change with time. Usually the shift between successive surveys is small, but sometimes it can be large
(Figure D.2 for nicotine). A common change in the direction of the bias between successive surveys indicates
a measurement change by the reference laboratory (the LGC). The longer-term changes reflected by bias
changes of this nature are not, of course, included in ‘at one point in time’ collaborative studies.

4 Comparison of 2003 CORESTA Collaborative Study data with those previously
reported

4.1 General

The latest CORESTA Collaborative Study provides values of r,q and R, for a number of brands tested on a
range of smoking machines, including all the currently available designs, following considerable effort by their
manufacturers to harmonize the operating conditions in order to minimize differences in the measurement of
CO yields.

The points of interest are, therefore, whether these latest r,o and R,y values differ greatly from those
previously reported, and whether the R, values for CO are still greater than those for NFDPM.

To simplify the comparison of the CCS-03 data with that from the other collaborative studies, the other studies
are shown as a combined data set in the graphs discussed below. It should be noted that the ‘Other’ data set
represents the testing of many brands by many laboratories using different designs of smoking machines over
a period of several years.

4.2; Comparison of repeatability r,, values from CCS-03 with other collaborative studies

The prime interest is in the reproducibility values but, as these are influenced by the value of the repeatability
standard deviation (see 2.1), it is relevant to review the r,, values given in Table 2. The NFDPM and CO
values, plotted against their respective yields, are combined in Figure 1 to provide a direct comparison
between these smoke constituents, whilst the nicotine values are shown separately in Figure 2.

It can be seen from Figure 1 that the values for NFDPM and CO overlap and the CCS-03 data are within the
ranges previously reported. The regression lines indicate the CCS-03 and ‘Other data to be similar, on
average, for NFDPM, with the CO values being slightly higher for CCS-03.

8) Since December 2002 the survey has been carried out by Arista Laboratories Europe.
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It can be seen from Figure 2 that the CCS-03 nicotine values are also within the ranges previously reported,
and the regression lines are almost identical.

The overall conclusion is, therefore, that the CCS-03 repeatability values for the three smoke constituents are
not different to previously reported values.

4.3 Comparison of reproducibility R,, values from CCS-03 with other collaborative studies

4.3.1 General

:The reproducibility values given in Table 3 are shown plotted against the corresponding smoke constituent
'yield in Figure 3, for NFDPM and CO, and Figure 4, for nicotine.

Again, the distribution of the individual data points in these plots show the CCS-03 values to be within the
range previously reported, although at the lower end for NFDPM and CO (see Figure 3). The CCS-03 data is,
therefore, in line with the best previously reported. The CO values for all the data, both from the CCS-03 and
other studies, are clearly greater than those for NFDPM. This is clearly illustrated by the separation between
the corresponding regression lines for NFDPM and CO.

It should be noted that, although the NFDPM value for cigarette type 1 deviated considerably from the line
fitted to the CCS-03 data, it was not considered to be sufficiently extreme to be treated as an outlier. It does
serve, however, as an illustration of how much these values can vary from brand to brand, even within well-
run collaborative studies.

The CCS-03 nicotine data (see Figure 4) corresponds closely with that previously reported, as illustrated by
the regression lines.

The overall conclusion is that the recent work to better harmonize the operating conditions of smoking
machines has not resulted in a clear reduction in the reproducibility of yield measurements. The CCS-03 data
is, however, at the lower end of the reported range for CO and, therefore, in line with the best previously
reported. As the study also included a mix of all current smoking-machine types, it must be considered to best
represent the current level of measurement variability.

4.3.2 Relationship between reproducibility R,; and smoke constituent yield

It is interesting to note that the regression lines for all three smoke constituents show a linear increase in Ry
with yield from a relatively large intercept value. The use of a simple percentage tolerance is, therefore, only
viable if used in conjunction with a minimum value. Figures 5 and 6, with R, re-plotted as a percentage of the
smoke constituent yield, clearly illustrate this point. At very low constituent yields, the percentage R, value is
very high (i.e. infinite at zero yield) but decreases to become an almost fixed percentage at much higher yields.

The overall conclusion is that it is necessary to qualify the percentage tolerance with a minimum value for all
three smoke constituents.

4.4 Comparison of Ry, reproducibility values from collaborative studies with measurement
tolerances estimated from the UK Department of Health Cigarette Survey data

As highlighted by the statistical model in section 2.2, the r and R values are traditionally based upon tests of
20 cigarettes and need to be adjusted when tests involve a different number. The ISO standards require
100 cigarettes to be tested, either as a single sample or as 5 separate samples of 20 cigarettes. The UK
Department of Health Cigarette Survey is based upon testing 20 cigarettes from each of 6 sampling periods,
but results are only reported if samples from at least 5 periods are tested. It is, therefore, more appropriate
when comparing data from the collaborative studies discussed in section 4 with UK data, and considering its
relevance to compliance tolerances, to use reproducibility (R4oo) values based on 100 cigarettes.

Figures 3 and 4 showing Ryq values plotted against the respective smoke constituent yield, are duplicated for
Rq0o values in Figures 7 and 8, but with the UK measurement tolerance from Table D.1 also included.
Although the UK data is based upon only 6 laboratories, the measurements cover many brands over a 6-year
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period and include the longer term measurement variability not present in the ‘at one point in time’
collaborative studies. It can be seen from Figure 7 that the NFDPM and CO data corresponds closely with that
from the collaborative studies, the regression lines being very close to those from the ‘Other’ studies and
slightly higher than the CCS-03 lines. Concerning nicotine, the correspondance is not as good (see Figure 8),
the UK data being much higher.

Overall the UK data, based on a substantial data set, sits fairly centrally within the ‘Other’ data for NFDPM and
CO and is, therefore, slightly higher than the CCS-03 values. It is at the top end of the range of ‘Other’ values
for nicotine and, therefore, much higher than the CCS-03 values.

5 Review of information relevant to setting a compliance tolerance for carbon
monoxide

5.1 General

It should be noted that different tolerances are given in ISO 8243 for sampling at one point in time or over a
period of time. Those for one point in time are greater, in order to account for the increased product variability
associated with a sample which is less representative of the population manufactured for sale. The tolerances
quoted in this section are for ‘over a period of time’ sampling and testing.

5.2 Compliance data for current tolerances

The only market for which long-term compliance data exists appears to be the UK. The Department of Health
Survey data includes the NFDPM and nicotine yields declared on the packet for each of the brands for which
duplicate tests were carried out by the LGC and the manufacturer. The infringement rates for NFDPM and
nicotine based on the tolerances given in 1ISO 8243 can therefore be calculated. If the tolerance is correctly
set at the 95 % level, the expectation would be for the declared yields of only 5 % of brands tested to be
outside of the limits (i.e. the greater of £ 15 % or £ 1 mg for NFDPM, or £ 0,1 mg for nicotine). This was found
to be the case for NFDPM (see Table C.4), with 4 % outside the tolerance, but for nicotine the infringement
rate was 11 %. The reason for this higher infringement rate is unclear, but is probably associated with the
greater than expected measurement variability, illustrated by Figure 8, among the particular group of
laboratories involved in the UK Study.

As manufacturers have only recently been required to declare the CO yields, compliance data is not yet
available in the UK. The LGC and Manufacturer’s measurements are, however, available in accordance with
the same procedures as for NFDPM and nicotine. These have been used to predict that, for CO, 10 % of
brands would be expected to violate the NFDPM tolerance (i.e. the greater of + 15 % or + 1 mg) whilst for
NFDPM and nicotine, using the same procedure, 5 % and 11 % would be expected respectively, i.e. almost
exactly as observed (see Table C.4). The NFDPM tolerance was applied to CO as the work was reported prior
to the introduction of the current UK and ISO 8243 tolerance of the greater of + 20 % or + 1 mg.

Overall, the UK data indicates that the 15 %, or 1 mg, tolerance for NFDPM is appropriate, but that for CO it
needs to be greater. The 15 %, or 0,1 mg, tolerance for nicotine does not seem to be working at the expected
95 % acceptance rate, but this is possibly due to the greater than expected measurement variability between
the group of laboratories involved in the UK Study.

5.3 Confidence intervals associated with yield measurements

The confidence intervals, i.e. reproducibility values, associated with the measurement of NFDPM and CO
yields in accordance with the procedures of ISO 4387 and ISO 8454 respectively, have been reviewed in both
Annex B and this Technical Report. This Technical Report also reviews the R, values for nicotine yield by
ISO 10315.

The reproducibility data from ISO 4387 and 1SO 8454, together with data from DIN ring trials and CORESTA
inter-laboratory studies, were reviewed in Annex B. The conclusion, based on this data, was that a tolerance
of +25 % or £ 1 mg was justified, but + 20 % or + 1 mg should be recommended on the basis of improved
harmonization of smoking machines and future good quality control during manufacture.
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The review of reproducibility values in this Technical Report is based upon a more extensive data set (see
Table 1). In addition, the R, values have been adjusted to represent the testing of 100 cigarettes (R4qg), this
being the basis upon which compliance checks based on ISO standards are carried out. The R;q, values are
combined for NFDPM and CO in Figure 7 and for nicotine in Figure 8, in both cases plotted against the
respective smoke constituent yield.

In line with the conclusion drawn in 4.3, the CCS-03 data and the regression lines fitted to them are taken to
best represent the current position on measurement variability. The linear regression equations for the
CCS-03 data from Figure 7 have been used to calculate the R,y values for NFDPM and carbon monoxide for
yields of 1 mg to 15 mg and these are given in Table 4 together with the CO/NFDPM ratio. The values are
tabulated both in mg and percentage units, with the range of each column covered by the tolerances in
ISO 8243 identified by the shading. It is clear that the Ry, values for carbon monoxide are always significantly
greater than those for NFDPM at matched yields. In addition for CO, the R,yy value is greater than the
minimum tolerance of 1 mg at a yield of 5 mg and the equal to the 20 % tolerance at 6 mg. The values for
NFDPM are all below the 1ISO 8243 tolerances, as are those for nicotine given in Table 5.

Overall, it seems that the current CO tolerance in ISO 8243 is set below the minimum required value to allow
for the variability in the yield measurement (R4yq) using ISO 8454.

5.4 Statistical models

The statistical function for the reproducibility of smoke constituent yield measurements R, (see 2.1) was
extended to include additional components of variance relevant to calculating a compliance tolerance (see
2.2). This process can be broken down into three steps in terms of the level of certainty about the inclusion of
each new term and the data from which to estimate it.

Step 1

R0 = R1g0
Step 2

R100 = R1gp *+ Rounding Variance Term = Rygp.4nqg
Step 3

R100+mdg = R100+mdg * Product Variance Terms = Compliance Tolerance

The data in R4qq form, i.e. ‘Step 1°, has already been considered in 5.3 above.

The datain R100+rmdg form, i.e. ‘Step 2, is reviewed below, but as it is only possible to estimate ‘Step 3’ values
using product variance terms based upon the UK Department of Health Survey data, which is not specifically
designed to provide such data, the ‘Step 3’ tolerance values are not, therefore, included in this report.

The derivation of the Rigo+maq Values is described in 2.2. They are plotted against the respective smoke
constituent yield in Figure 9 for NFDPM and CO, and in Figure 10 for nicotine. The regression lines for the
CCS-03 data were used to calculate the Rqgp4mqgg Values for NFDPM and CO in Table 6 and nicotine in
Table 7.

Again, the Rqgp.mgg CO values are much greater than those for NFDPM, as demonstrated by the values for
the CO/NFDPM ratio in Table 6, and exceed the ISO 8243 tolerance over the yield range of 4 mg to 7 mg. It
should be noted that this range covers the cross-over point between the minimum and percentage tolerance
values, thereby allowing the tolerance to be reset to an appropriate value by increasing either. It should also
be noted that NFDPM and nicotine values are equal to or slightly greater than the ISO 8243 tolerances over
the range of 6 mg to 7 mg, again the cross-over point between the minimum and percentage tolerance values.
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Overall, the Rygp+mag Values show that the current ISO 8243 CO tolerance needs to be increased in order to
avoid falsely failing brands during compliance checks, and there is evidence that this risk extends to NFDPM
and nicotine at the cross-over point between the minimum and percentage tolerance values.

5.5 Prediction of a tolerance for CO from the relative variability in their reproducibility
values

The CO/NFDPM ratio values in Table 6 can be used to estimate a CO tolerance on the basis of the ISO
tolerance for NFDPM being valid and that for CO needing to reflect the relative values of reproducibility for the
two smoke constituents. The tolerance for NFDPM is, therefore, 1 mg for yields of 1 mg to 6 mg and then
15 % for higher yields, and the corresponding CO tolerance is the product of the NFDPM value and the
CO/NFDPM ratio. The values, thus calculated, are given in Table 8 both in mg and percentage units. The
values indicate that a minimum tolerance of about 1,5 mg is required with a percentage tolerance of about
22 %.

Overall the CO/NFDPM ratio values indicate the current ISO 8243 minimum value for the CO tolerance needs
to be increased to 1,5 mg.

6 Conclusions

The latest CCS-03 data gives similar estimates of repeatability and reproducibility to those previously reported,
although the reproducibility is at the lower end of the range for CO. Although there is no hard evidence that
the harmonization work on smoking machines has reduced the variability in CO yield measurements, the data
from CCS-03 is as good as the best previously reported. For this reason, and because it was a large study
including all current designs of smoking machine, it provides the most appropriate data for estimating
compliance tolerances.

The CCS-03 data shows measurements of carbon monoxide to be more variable than those for NFDPM, in
line with previously reported collaborative data and with that provided by the UK Department of Health Survey.
It therefore supports the need for a higher compliance tolerance for CO.

Whilst the reproducibility estimates, in the form of the R,5q and R4gg+nqq Values reported here, cannot be
taken directly as compliance tolerances for checking declared values, no £%olerance should be set at a lower
value.

The Rqgg and Rqgo+rndq Values show that the CO tolerance in ISO 8243 needs to be increased to prevent too
many brands being falsely failed in the yield range around the cross-over point between the minimum and
percentage tolerance values.

The relative values of reproducibility for NFDPM and carbon monoxide indicate that a tolerance of 22 % with a
minimum of 1,5 mg is required for the measurement of carbon monoxide yields when sampling and testing
over a period of time.

7 Recommendations

The tolerance in ISO 8243 should be amended in line with the findings in Clause 5 and the conclusions drawn
in Clause 6 of this report.

The most cautious approach would be to increase the minimum tolerance for CO for testing ‘over a period of
time’ to 1,5 mg and leave the basic tolerance set at 20 %. Since the ‘one point in time’ tolerance should not be
lower, the same minimum value should apply.

The tolerance values should be further reviewed when compliance rates are established from regulatory
checks. It is probable that such data will only become available in the UK and would require 2 to 3 years to
assemble.
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E‘ETabIe 4 — R4qg values for NFDPM and CO calculated from the 2003 CORESTA Collaborative

Study data
Rgg value
Yield NFDPM co COINFDPM

8243 | % of yield 8243 | % of yield ratio

mg mg tol. mg tol.
1 0,18 1 mg 18,3 0,55 1mg 55,0 3,01
2 0,29 14,4 0,68 34,0 2,36
3 0,39 13.1 0,81 26,9 2,06
4 0,50 12,5 0,94 23,4 1,88
5 0,60 12,1 1,07 1mg 21,3 1,77
6 0,71 1mg 11,8 1,19 20 % 19,9 1,69
7 0,81 15 % 11,6 1,32 18,9 1,63
8 0,92 11,5 1,45 18,2 1,58
9 1,02 11,4 1,58 17,6 1,54
10 1,13 11,3 1,71 17,1 1,51
11 1,23 11,2 1,84 16,7 1,49
12 1,34 11,2 1,97 16,4 1,47
13 1,44 11,1 2,10 16,1 1,45
14 1,55 11,1 2,22 15,9 1,44
15 1,65 15 % 11,0 2,35 20 % 15,7 1,42

@  The shaded sections indicate the ranges covered by the tolerances given in ISO 8243:2003 for ‘over a period of
time’ sampling.
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Table 5 — R qg values for nicotine calculated from the
2003 CORESTA Collaborative Study data

Vield R4qp value
8243 % of yield
mg tol.
0,1 0,047 0,1 mg 46,6
0,2 0,054 26,8
0,3 0,061 20,2
0.4 0,068 26,9
0,5 0,075 15,0
0,6 0,082 0,1 mg 13,6
0,7 0,089 15 % 12,7
0,8 0,096 12,0
0,9 0,103 11,4
1,0 0,110 11,0
1,1 0,117 10,7
1,2 0,124 10,4
1,3 0,131 10,1
1,4 0,138 9,9
1,5 0,145 15 % 9,7

@ The shaded sections indicate the ranges covered by the
tolerances given in ISO 8243:2003 for ‘over a period of time’ sampling.
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Table 6 — R4yg.nqg

values for NFDPM and CO calculated from the
2003 (%ORESTA Collaborative Study data

R‘|00+mdg value
Yield NFDPM co COINFDPM

8243 | % of yield 8243 | % of yield ratio
mg mg tol. mg tol.
1 0,46 1 mg 45,6 0,73 1mg 73,3 1,61
2 0,55 27,4 0,85 42,7 1,56
3 0,64 21,4 0,98 32,5 1,52
4 0,73 18,4 1,10 27,4 1,49
5 0,83 16,6 1,22 1mg 24,4 1,47
6 0,92 1mg 15,3 1,34 20 % 22,3 1,46
7 1,01 15 % 14,5 1,46 20,9 1,44
8 1,11 13,8 1,58 19,8 1,43
9 1,20 13,3 1,70 18,9 1,42
10 1,29 12,9 1,83 18,3 1,41
11 1,39 12,6 1,95 17,7 1,41
12 1,48 12,3 2,07 17,2 1,40
13 1,57 12,1 2,19 16,8 1,39
14 1,66 11,9 2,31 16,5 1,39
15 1,76 15 % 11,7 2,43 20 % 16,2 1,38

NOTE The shaded sections indicate the ranges covered by the tolerances given in 1SO 8243:2003 for ‘over a
period of time’ sampling.
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Table 7 — R4pg+/ngq fOr nicotine calculated from the

2003 CORESTA Collaborative Study data

Yield R100+mdg value
8243 % of yield
mg tol.
0,1 0,071 0,1 mg 71,0
0,2 0,077 38,5
0,3 0,083 27,7
0,4 0,089 22,3
0,5 0,095 19,0
0,6 0,101 0,1 mg 16,9
0,7 0,107 15 % 15,3
0,8 0,113 14,2
0,9 0,119 13,3
1,0 0,125 12,5
1,1 0,131 12,0
1,2 0,138 11,5
1,3 0,144 11,0
1,4 0,150 10,7
1,5 0,156 15 % 10,4
NOTE The shaded sections indicate the ranges covered by the

tolerances given in ISO 8243:2003 for ‘over a period of time’ sampling.
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Table 8 — CO tolerance predicted from ISO 8243:2003 NFDPM tolerance and the

CO/NFDPM ratio of the R4gp+rag Values from Table 6

Yield NFDPM CO/NFDPM ratio Predicted Predicted
- Tolerance value @ (R400+rmd CO tolerance ° CO tolerance °©
ISO 8243:2003 values from Table 6)
‘mg mg mg %
A B C (B x C) 100 (B x C)/A
1 1,00 1,61 1,61 160,8
2 1,00 1,56 1,56 77,9
3 1,00 1,52 1,52 50,7
4 1,00 1,49 1,49 37,3
5 1,00 1,47 1,47 29,4
6 1,00 1,46 1,46 24,3
7 1,05 1,44 1,51 21,6
8 1,20 1,43 1,72 21,5
9 1,35 1,42 1,92 21,3
10 1,50 1,41 212 21,2
11 1,65 1,41 2,32 21,1
12 1,80 1,40 2,52 21,0
13 1,95 1,39 2,72 20,9
14 2,10 1,39 2,92 20,8
15 2,25 1,38 3,11 20,8
@  The tolerance specified in 1ISO 8243:2003 for ‘over a period of time’ sampling is 15 % of the NFDPM yield with a minimum value of
1 mg. The tolerance in mg is, therefore, 1 mg for yields of 1 mg to 6 mg, and 0,15 x Yield for yields of 7 mg and above.
b The shaded section of the column indicates the yield range covered by the 1 mg minimum tolerance value for CO specified in
I1SO 8243:2003.
€ The shaded section of the column indicates the yield range covered by the 20 % tolerance value for CO specified in ISO 8243:2003
for ‘over a period of time’ sampling.
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Figure 1 — r,, repeatability values for NFDPM and CO
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Figure 2 — r,, repeatability values for nicotine
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Figure 4 — R, reproducibility values for nicotine
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Figure 6 — R, reproducibility values for nicotine (% of yield)
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Figure 8 — R, reproducibility values for nicotine
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Figure 10 — R4qg.4qg reproducibility values for nicotine
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Annex A
(informative)

Background considerations on the choice of sampling procedures

A.1 Introduction

It is particularly difficult to recommend a general method of sampling cigarettes. The objective of sampling is,
clearly, to provide a representative sample, but the problem arises because the specific purpose for which
tests are required affects the recommendation.

A.2 Variability

Variability arises from the methods used to test cigarettes (e.g. see 1SO 4387), but there are also appreciable
contributions to the variability of the product as cigarette manufacture continues over a period of time. These
are reflected in sources of variability described below.

— Short-term variability — It is impossible to control the weight of every cigarette precisely. The moisture
content of the tobacco varies around its target value. Paper porosity contains similar variability. Tipping
materials are also variable. Thus, the design characteristics of the cigarettes being manufactured at any
one time vary in a random fashion around their target values, and these variations give rise to
corresponding variations in smoke yields.

— Medium-term variability — Superimposed on the sources of short-term variability are the sources of
medium-term variability such as batch-to-batch changes in materials (paper, tipping, filter papers, filter
tows), grade substitutions in the blend, wear of machinery, etc.

— Long-term variability — In the long-term there are changes in the blend due to different crop years.
Machinery replacement programmes and the upgrading of manufacturing processes can influence the
product. Suppliers of non-tobacco materials (papers, tipping, etc.) may change. All these sources of
long-term variability are added to both the short- and medium-term contributions.

These terms are described for practical convenience, but it should be remembered that these sources of
variability operate as a continuum over time. Experience over numerous years has shown that when
attempting to estimate a “true” overall mean (i.e. over all production runs), the contribution to the variability of
medium-term effects is larger than that of short-term effects, with the influence of long-term effects being
larger than either of these.

For samples taken according to 1ISO 8243:2003, A.3, the implications are that the 95 % confidence limits (for
the mean of the smoke yields) calculated from the sample data reflect only short-term variability. Increasing
the size of the sample taken at any one point in time can only reduce the effect of the short-term sources of
variability on the precision of the mean of the sample. Thus, the mean of a sample taken at a single timepoint
is of limited value in predicting the mean likely to be obtained from any later sample, no matter how big these
samples might be. For samples taken according to 1ISO 8243:2003, A.4, the implications are that the 95 %
confidence limits (for the mean of the smoke yields) calculated from the sample data reflect short-term and
medium-term variability. In this case increasing the number of sub-period samples reduces the confidence
limits. However, unless the sampling period is greatly extended, the calculated confidence limits will still not
reflect the long-term variability. Experience of sampling at point of sale (see ISO 8243:2003, A.2) has shown
that the data are often of little value. The rotation of stocks in retail outlets is often very poor so that old packs
appear for sale on shelves and the conditions for storage are frequently far from ideal.
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Determinations on a point of sale sample reflect the smoke yields from the product available to a buyer of that
particular increment. However, a gross sample made up from point of sale increments may have a wider
inherent variability (than those quoted in ISO 8243:2003, 7.3) arising from unspecified periods of manufacture,
and may possibly include cigarettes manufactured before and after intentional design changes.

A.3 Recommendations

These factors lead to the strong recommendation that determinations be made on the population
manufactured for sale, sampled at manufacturers' factories or importers' warehouses.

Because of the short-, medium- and long-term variations in cigarette manufacture, it is strongly recommended
that the “Sampling over a period of time” procedure (ISO 8243:2003, A.4 and B.4) be used wherever possible.
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Annex B
(informative)

The determination of carbon monoxide in cigarette smoke —
Problems in the evaluation of results

B.1 Summary

The Directive of the European Parliament and the Council for the Harmonization of Legal and Administrative
Regulations of the Member Countries concerning the Manufacture, Presentation/Packaging and Sale of
Tobacco Products dated 5t June 2001 stipulates that the carbon monoxide content of cigarettes must be
printed on the product pack. The values will be subject to control and monitoring by the food standards
authorities. At present two different types of smoking machines, both of which comply with the standards of
ISO 3308 are used for this purpose. The data on which the present study is based show a divergence in the
values obtained when determining carbon monoxide content. In conclusion, it can be assumed that until the
different types of smoking machine are harmonized, a greater range of variation in carbon monoxide content
is to be expected in comparison to the determination of condensate.

Keywords: carbon monoxide, cigarette smoke, smoking machine, regulation.

B.2 Introduction

Carbon monoxide is a gas which is ubiquitous in our environment, slightly lighter than air and readily soluble in
a number of organic solvents.

Carbon monoxide (CO) and carbon dioxide (CO,) are the principal constituents of the gas phase of cigarette
smoke and are formed through the thermal decomposition and pyrolysis of tobacco constituents (starch,
cellulose, sugar, amino acids, etc.).

During the puffing on a cigarette approx. 30 % of carbon monoxide is formed by thermal decomposition and
approx. 36 % by pyrolysis of tobacco constituents. Approx. 23 % is formed by the reduction of carbon
monoxide at temperatures exceeding 650 °C in the burning cone (Baker in the literaturel!2).

The starting point of the present Technical Report is the Directive of the European Parliament and of the
Council on the approximation of the laws, regulations and administrative provisions of the Member States
concerning the manufacture, presentation and sale of tobacco products of 5th June 2001[13l. This Directive
prescribes that the carbon monoxide content of cigarettes should be printed on the packs, which will be
controlled and monitored by the food standards authorities.

A working group was set up at the end of the 1980s to prepare an ISO Standard['4] designed to harmonize the
different standards that exist regarding the smoking machines used worldwide as well as the use of differing
smoking machines. The goal of this group was formulated as follows: “to develop one set of standard methods
which may be used world-wide, irrespective of smoking machine or other equipment’. This had become
necessary in order to achieve comparable yields for nicotine and condensate to be printed on packs. Based
on an inter-laboratory study comprising 30 laboratories in 15 countries, estimated values for the variabilities
were determined for these two parametersl'4l.

This led to a great amount of information and experience in dealing with the smoking yields for nicotine and
condensate. However this is not the case with respect to the CO yields that must now be printed on the packs.

Smoking machines were developed over a period of some 40 years. The design and construction of the
various smoking machines which comply with ISO 3308 are widely divergent in some respects. ‘

Documents
Document Sharingé—lub

A IO ANnNnr A
Copyright International Organization for Standardization ghtS reserved
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO TR 22305-2006


http://avadocuments2026.com/doc/iso-tr-22305-2006
http://avadocuments2026.com/doc/iso-tr-22305-2006

ISO/TR 22305:2006(E)

There are currently two different types of smoking machines which comply with ISO 3308 in use:
— the linear smoking machine, in which the position of the cigarette and the holder is fixed;
— the rotating smoking machine, in which the cigarette and the holder are movable.

The present Technical Report deals with the issue of CO determination in the mainstream smoke of cigarettes.
In principle, however, the considerations presented here also apply to other tobacco products which can be
mechanically smoked.

B.3 Methods and data

B.3.1 Method of determining CO

Determination of CO is carried out in three steps. The gas phase of the cigarette is sampled in a special
container during the mechanical smoking of cigarettes. The container is either directly connected to a CO
analyzer or is separate and can be subsequently connected to the CO analyzer. Carbon monoxide is
determined as a percentage (Volume fraction) in the gas mixture in the CO analyzer. The third step is the
calculation of the CO yield in milligram per cigarette.

The standard procedure for the determination of CO is to be found in the method stipulated under
ISO 84541151, According to this method, CO is determined in the gas phase of cigarette smoke on the basis of
the NDIR (non-dispersing infrared analyzer) procedure.

B.3.2 Data used for this study

Data A: DIN/VdC monitor inter-laboratory study

Data B: Annual CORESTA inter-laboratory studies 1995 - 2000 for the monitor cigarettes CM2 and CM3[16],
Data C: Data from ISO 4387[%] and 1SO 8454[15],

The data sources for the present Technical Report are the results of comprehensive and extensive national
and international inter-laboratory studies.

In addition, the first two data sources (Data A and Data B) are studies which are carried out at intervals of one
year. This means that, besides enabling a cross-sectional comparison across the laboratories involved per
year, it is also possible to make a longitudinal comparison over time, thus ensuring additional checks on
consistency of findings.

B.4 Results

Figure B.1 shows the distribution of 125 CO and 145 condensate measurements for the monitor CM3
obtained in the inter-laboratory study 2000 in 17 laboratories (Data B). It is clearly apparent that the values for
the two parameters lie in the same range of approx. 13 to 17 mg/cigarette. Condensate distribution shows a
much narrower scattering however (s = 0,52) than that for CO (s = 0,99). Since there is a good correlation
between the CO and condensate measurements across the entire range represented on the market, the
question arises as to the reasons for the relatively higher variation in the CO values measured (Figure B.1).

Figure B.2 shows that with respect to data from the data sources B and C in comparison with the results of
Figure B.1, higher variations for CO are found across the entire range than for condensate, indicated by the
reproducibility R. While the R values for condensate reach a maximum of 1,8 in the upper range for
condensate, the corresponding CO values can reach more than R = 3. Since the reproducibility R is largely
determined by the divergences between the measurements from different laboratories, it can be assumed that
the use of different smoking machines in the individual laboratories could be responsible for the higher
variation in CO.
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In Figure B.3, the results of the inter-laboratory study 2000 for the CORESTA monitor CM3 (Data B) are
broken down into data obtained from linear and from rotating smoking machines. It is apparent from Figure
B.3 that the values measured when using rotating smoking machines lie considerably above those obtained
using linear smoking machines.

In Figure B.4, the CO measurements obtained from linear and rotating smoking machines from data sets A
and B are set against each other in a scatter plot. One data point represents the mean values from at least
30 smoking analyses from at least 6 laboratories. The measurements obtained from rotating smoking
machines lie substantially above those from linear smoking machines across the entire range from 6 mg to
16 mg. Adjustment by regression reveals through its gradient a value which is on average 8 % higher for the
values obtained using a rotating smoking machine.

B.5 Discussion

Figures B.3 and B.4 support the assumption based on Figures B.1 and B.2 that a divergence in yields
between linear and rotating smoking machines is responsible for the high variability of CO measurements in
inter-laboratory studies. If the variations of the CO values are assessed separately according to the type of
machine used, i.e. for rotating machines only and for linear machines only, the variation is found to be roughly
comparable to that of condensate values.

According to Article 6 of the EU Directive of 5™ June 2001, carbon monoxide content must be reported to the
Member Countries by the manufacturers/importers, together with further product information such as
condensate and nicotine, categorized for each brand name and type, by 31t December 2002. The Member
Countries will then ensure that this data is published in an appropriate form (Figures B.2 and B.3).

As a consequence, governmental control bodies will be obliged to control the CO values submitted by the
manufacturers/importers from 31StDecember 2002 onwards. German monitoring laboratories use rotating
smoking machines exclusively. Due to the divergence in values between linear and rotating smoking
machines this means that differences may be found between the reported CO values and those measured by
the supervising institutions. The following example may serve to illustrate this: the manufacturer/importer has
used a linear smoking machine for determining the carbon monoxide value to be printed on the pack. The
analytical data for CO show an estimated mean value of 9,2 mg per cigarette and a standard deviation of 0,5.
The circles in Figure B.5 demonstrate the possible range of the measured values. In view of the statistical
findings, the manufacturer/importer can therefore state 9 mg CO per cigarette for the product.

The control institution will use a rotating smoking machine to check the CO value given on the pack in this
case. However, as shown by the evaluation of the data sources mentioned above when using rotating
smoking machines the mean value of CO determinations is 8 % higher than when a linear smoking machine is
used (Figure B.4). Assuming the same standard deviations as found with linear smoking machines, the
fictitious measurements are symbolized by circles in Figure B.5. Four possible values measured when using
rotating smoking machines are found to exceed the 9 mg CO per cigarette stated on the pack by a margin
ranging from 1,3 mg to more than 2 mg.

The next thing that has to be considered is to what extent the high reproducibility R may affect the overall
tolerance for CO.

If an additive model (without correlation of the two tolerance values) is taken as a basis for the interaction
between product variability (ISO 8243[17]) and R, an overall tolerance (depending on the range of values) of
approx. 22 % is found at an assumed product variability of 15 %, and an overall tolerance of between 25 %
and 26 % at an assumed product variability of 20 %. These overall tolerance values are clearly above those
which can be calculated for condensate in comparison.

B.6 Conclusions

A formally precise method should permit a scatter range of > + 25 % for CO. However, in order to ensure that
consumer information is not confusing or misleading a scatter range of this order of magnitude should be
avoided.
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Assuming that during production the entire product variability range is kept as low as possible, it is suggested
that a variability range (according to the kind of sampling as per ISO 8243['7]) of +20% or +25%
respectively — but not less than 1 mg CO/cig. — should be applied.

In \:/fiew of the divergence in values in CO determination when using different smoking machine types (linear or
rotating type) as demonstrated above, the ISO authority must be called upon to give priority to the
harmonization of smoking machines in terms of the quantitative determination of carbon monoxide in smoke®) .

NOTE The authors are indebted to the DIN working group “EU Richtlinie fir Tabakprodukte” (EU Directive for
tobacco products) for their excellent support and the many valuable discussions.
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Figure B.1 — Distribution of CO and condensate (Data B - 2000)

1) During the meeting of ISO/TC 126 on June 19 and 20, 2001 in Berlin it was decided that the ISO/TC 126 will deal with
the problems involved in the determination of carbon monoxide in cigarette smoke.
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Figure B.2 — R in relation to CO and condensate (Data from B and C)
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Figure B.3 — Comparison “linear - rotating smoking machines” (Data B - 2000)
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Figure B.4 — CO (mg/cig) linear vs rotating smoking machine (RM20/CSR)
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