
- 1 -

CORESTA REPORT 1991-1

THE DETERMINATION OF REPEATABILITY (r) AND REPRODUCIBILITY (R) FOR THE
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- WATER

USING CORESTA RECOMMENDED METHODS 7, 8, 21, 22, 23 AND 25

REPORT PREPARED BY:

THE TASK FORCE ON THE REVIEW OF SMOKING METHODS

SUMMARY

A CORESTA task force was established in December 1989 to review all existing smoking methods
and to consider the establishment of a set of CORESTA reference methods which were fully up to date
and which could be adopted worldwide, using any of the smoking machines currently in routine use
and other equipment.

By September 1989, the methods were established but shortcomings in the control of air -flow at the
cigarette position were noted. This led to further work during late 1989 and early 1990. Finally, when
the task force was satisfied that they had resolved this very difficult problem, the instrument
manufacturers were asked to produce modified equipment and a major International Collaborative
Study was organised to test the validity of these methods.

The study involved some 30 laboratories in 15 different countries. Each laboratory analysed six
cigarettes covering the range 1 mg - 17 mg NFDPM. The analysis involved the smoking of 100 of
each of the cigarettes and the data was reported on the basis or an average value from 20 cigarettes).

The data evaluation was conducted according to strict published International procedures. A "Panel of
Experts" was appointed to oversee the experiment through each of its stages.

This report gives the details of the study design, the statistical treatment and the results. The following
conclusions can be drawn, but they are discussed more fully in the report.

1. Estimates for repeatability and reproducibility for NFDPM, nicotine and water are available for the
first time.

2. An empirical relationship has been derived between repeatability and reproducibility for each of
the parameters.

3. For all practical purposes there are no differences between smoking machines.

4. The new methods give data which are comparable with but more consistent than the original
methods.

The new methods represent a major advance in tobacco smoke analysis and the information on the
methods as well as the collaborative experiment have been made available to the International
Standards Organisation. In addition the apparatus developed is now commercially available for use in
conjunction with the new standards.
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0.00 INTRODUCTION

0.01 In Guangzhou/China, in October 1988, the President or the CORESTA Smoke Study Group
reported that ISO had asked CORESTA to consider establishing a single reference method for the
smoking of cigarettes. In response to this request the Review of Methods Task Force was created : the
first meeting was held in Geneva during December, 1988.

0.02 The objective of this Task Force was given as "to develop one set of standard methods which
may be used worldwide, irrespective of smoking machine or other equipment".

0.03 In September of 1989 the Smoke Study Group of CORESTA accepted the following
recommendations of the Task Force :

1. That the established methods 21 to 24 should be published.

2. That these methods should be passed to ISO.

3. That the Task Force should work to produce an air-flow method which would in due course
become method 25.

4. That the Task Force should define and determine r (the repeatability) and R (the reproducibility) of
the method of smoking for both NFDPM (nicotine-free dry particulate matter) and nicotine in
smoke.

0.04 In pursuit of 4 in the previous section the Review of Methods Task Force established a panel
of experts, this panel to be responsible for the design of a collaborative study. (The membership of the
panel of experts is attached). This study became known as the Second CORESTA Collaborative
Study on Smoke Analysis. The prime objective of this study was defined by the Task Force to be the
estimation of r and R.

0.05 This report describes the design, execution and analysis of this study.

1.00 DESIGN OF STUDY

1.01 The design of the study is embodied in the experimental protocol given in Appendix 1. The
full protocol sent to all participants included various appendices and annexes with instructions on the
reporting of data. These are not included in Appendix 1 but can be obtained from CORESTA if
required. From this protocol it can be seen that, as well as estimating r and R for the method, the study
had three subsidiary objectives :

- to investigate the relationship of r and R with the yield of NFDPM.

- to estimate if possible the Limit of Quantitation (LOQ) of the method.

- to consider the effect of type of smoking machine on the results.

1.02 In order to be able to investigate the relationship (if any) between r and/or R and NFDPM six
brands of cigarettes were used, chosen to span the range 1 mg to 16 mg in a roughly logarithmic scale.
Due to the number of cigarettes having a yield of about 12 mg per cigarette it was decided to include a
brand of this level.

1.03 In order to assist with the possible estimation of the LOQ of the method the 1 mg cigarette
was also "smoked" unlit i.e. the cigarette was handled exactly as if it had been smoked, but it was not
in fact lit; 10 puffs were taken through this unlit cigarette.
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1.04 The design also allowed for the use of an in-house monitor so that the usual in-house
management of the smoking machines would be applicable during the course of the study.

1.05 The study was designed to be an assessment of the method, not of the products or of the
particular laboratories involved in this assessment. In order to minimise the effect of product
variability as required by ISO 5725, all the participating laboratories were provided with matched
samples taken from single makings of each of the cigarettes (with the exception of any in-house
monitors that may have been used).

1.06 The bulk sample of each cigarette was drawn from a single making in as short a time as
possible, thus eliminating any effect of between-making variability and minimising the effect of any
within-making variability. The samples sent to the laboratories were drawn by selecting at random
individual packets of 20 cigarettes. This is the meaning of the phrase "matched samples".

1.07 The cigarettes used in the study were of conventional design i.e. blended cigarettes with single
cellulose acetate filters. Furthermore, the brands were chosen to be representative of popular products
and of the same length with large production volumes and generally regarded as very well
manufactured cigarettes.

1.08 Three types of smoking machines were used i.e. 8-channel linear, 20-channel linear, and 20-
channel rotary. For the purposes of this study the various versions of the 20-channel linear smoking
machines were regarded as the same machine, although it is recognised that there are differences of
detail in their mode of construction.

1.09 All machines were equipped with the latest CORESTA non-hygroscopic glass fibre filter
holders to trap the smoke. The linear machines were equipped with 44 mm diameter filter pads on
each port. The rotary machines were equipped with one central 92 mm diameter filter pad.

1.10 An important feature of this study was the effort made to control the air-flow over the
cigarette during smoking, since this was believed to be one of the major sources of the differences
between the three types of machines seen in earlier studies.

1.11 The instructions concerning air-flow were given to the participating laboratories subsequent to
the provision of the protocol and were contained in a letter circulated to these laboratories by the
Chairman of the Review of Methods Task Force. This letter is shown as Appendix 2.

1.12 From this letter it can be seen that the required air-velocity was 200 mm/sec, measured at a
defined position along the axis of the cigarette.

1.13 The manufacturer's retro-fit kit was supplied by Filtrona Ltd., for use on all 20-channel linear
smoking machines. An enclosure for the 8-channel linear smoking machines was also made available.
These are described in Appendix 3. This appendix also gives details of the air velocity measuring
device and digitiser.

1.14 As noted in the letter (Appendix 2), users of the 20-channel rotary machine were notified
separately of the details of air-flow setting and measurement. These were supplied by Borgwaldt
GmbH, along with a hood for these machines, the details of which are given in Appendix 4. Note that
the air-flow setting using these machines was the same as for the linear machines.

1.15 All other details of the design of the study and the recording of the data are given in Appendix
1 to which reference should be made for further information.

1.16 Once the study was completed i.e. when all the participating laboratories had made their data
available to the study co-ordinator, these data sets were collated prior to statistical analysis. Details of
the collation and data validation are given in Appendix 5.
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2.0 STATISTICAL METHODOLOGY

2.01 Full details of the statistical methodology are given in Appendix 6.

2.02 The procedures used for the statistical analysis of the data are given in the International
Organisation for Standardisation (ISO) ISO 5725 : 1986, and in the guidelines of the Association of
Official Analytical Chemists (AOAC). In addition it was decided to use a rank sum procedure to test
for outlying laboratories.

2.03 Initial values for r and R were calculated and then outlying laboratories were rejected. This
was followed by an iterative process using COCHRAN and GRUBBS single and paired tests to
determine outliers for each cigarette. The results from these laboratories were rejected for that
cigarette only.

The process was repeated for each analyte in turn i.e. NFDPM, nicotine and water.

2.04 Following outlier removal, r and R were calculated. Data from the three types of smoking
machines were compared and assessed for differences.

2.05 Numerous methods of estimating the LOQ for a method of analytical measurement were
discussed. However, none is established or recommended by ISO or AOAC. In addition, estimating
the LOQ from collaborative study data is even more complicated. Since neither ISO nor AOAC gives
any recommendations on how to accomplish this, the LOQ is not addressed further in this report.

3.0 RESULTS OF ANALYSIS

3.01 Full details of the results are given in Appendix 7.

3.02 Estimates of r and R for NFDPM are given in the following table.

TABLE 3-1

NFDPM. Estimates of r and R

Before outlier removal After outlier removal

CIG Mean
mg/cig r R Mean

mg/cig r R

1 0.82 0.52 0.77 0.82 0.40 0.60
2 1.62 0.72 0.90 1.61 0.52 0.74
3 3.33 0.62 1.08 3.31 0.52 0.90
4 7.71 1.08 1.72 7.70 0.88 1.51
6 12.65 1.32 1.84 12.61 1.06 1.70
5 17.30 1.31 2.32 17.40 1.19 1.84
7 - 0.08 0.40 0.77 - 0.12 0.32 0.53

Note that cigarette 7 was the unlit cigarette.
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3.03 Estimates of r and R for nicotine are given in the following table.

TABLE 3-2

Nicotine. Estimates of r and R

Before outlier removal After outlier removal

CIG Mean
mg/cig r R Mean

mg/cig r R

1 0.089 0.050 0.089 0.091 0.040 0.069
2 0.179 0.056 0.086 0.179 0.046 0.069
3 0.325 0.072 0.116 0.326 0.050 0.076
4 0.667 0.103 0.160 0.673 0.077 0.109
6 0.834 0.121 0.184 0.835 0.079 0.142
5 1.413 0.111 0.246 1.412 0.107 0.195
7 0.002 0.021 0.024 NA NA NA

Note that cigarette 7 was the unlit cigarette.

S.E. = standard error of the mean.

3.04 Estimates of r and R for water are given in the following table.

TABLE 3-3

Water. Estimates of r and R

Before outlier removal After outlier removal
CIG Mean mg/cig r R Mean mg/cig r R

1 0.144 0.288 0.543 0.083 0.154 0.241
2 0.186 0.238 0.468 0.153 0.228 0.353
3 0.380 0.327 0.554 0.338 0.272 0.381
4 0.997 0.487 0.869 0.962 0.407 0.734
6 1.608 0.671 1.121 1.595 0.561 0.935
5 3.171 0.991 1.771 3.187 0.908 1.680
7 0.071 0.273 0.403 0.015 0.132 0.180

Note that cigarette 7 was the unlit cigarette.

3.05 Machine-type comparisons for equality of means for NFDPM are given in the following table.

TABLE 3-4

NFDPM. Machine-type comparisons for equality of means

8-channel linear 20-channel linear 20-channel rotary
CIG Mean S.E Mean S.E. Mean S.E.

1 0.81 0.12 0.83 0.05 0.88 0.04
2 1.48 0.04 1.63 0.05 1.56 0.06
3 3.19 0.13 3.37 0.08 3.30 0.08
4 8.05 0.12 7.69 0.12 7.71 0.12
6 12.62 0.24 12.70 0.16 12.44 0.08
5 17.40 0.32 17.56 0.12 17.11 0.14
7 -0.12 0.11 -0.11 0.04 -0.15 0.06

Note that cigarette 7 was the unlit cigarette.
S.E. = standard error of the mean.
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3.06 Machine-type comparisons for equality of means for nicotine are given in the following table.

TABLE 3-5

Nicotine. Machine-type comparisons for equality of means

8-channel linear 20-channel linear 20-channel rotary
CIG Mean S.E Mean S.E. Mean S.E.

1 0.082 0.006 0.087 0.007 0.102 0.003
2 0.171 0.005 0.179 0.007 0.182 0.004
3 0.319 0.003 0.332 0.008 0.324 0.008
4 0.653 0.018 0.678 0.009 0.663 0.009
6 0.835 0.039 0.852 0.010 0.803 0.011
5 1.395 0.060 1.431 0.015 1.381 0.014
7 0.000 0.000 0.002 0.001 0.002 0.001

Note that cigarette 7 was the unlit cigarette.
S.E. = standard error of the mean.

3.07 Machine-type comparisons for equality of means for water are given in the following table.

TABLE 3-6

Water. Machine-type comparisons for equality of means

8-channel linear 20-channel linear 20-channel rotary
CIG Mean S.E Mean S.E. Mean S.E.

1 0.105 0.085 0.099 0.020 0.108 0.014
2 0.118 0.072 0.155 0.025 0.184 0.028
3 0.290 0.077 0.338 0.026 0.436 0.023
4 0.834 0.089 0.958 0.068 1.158 0.023
6 1.391 0.091 1.619 0.086 1.742 0.041
5 2.829 0.211 3.302 0.166 3.248 0.064
7 0.049 0.066 0.052 0.018 0.051 0.046

Note that cigarette 7 was the unlit cigarette.

S.E. = standard error of the mean.

3.08 Detailed discussions and conclusions on the data given in Table 3-1 to 3-6 are given in
Appendix 7.

For simplicity they can be summarised as follows :

1. For NFDPM and nicotine any difference found is of no practical consequence. Furthermore there
is no relationship between yield and machine-type.

2. For water there is an indication that the machines may give different values. However, these
differences are of no practical consequence. From Table 3-4 it can be seen that the results do not
affect NFDPM.

3.09 Functional relationships between r and R and each parameter were investigated. No
consistent form of functional relationship was found. For the purposes of this report an empirical
relationship has been derived between r and R and each of the parameters. These relationships may
not be valid for all brands (see Appendix 7).
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4.00 DISCUSSION

4.01 Before considering the interpretation of the results given in Section 3 and Appendix 7 the
premises implied by the design of the study must be clearly understood.

4.02 For cigarette testing there is no standard test piece as required in ISO 5725. Cigarette
smoking is a destructive test and even though matched samples from single makings were used it is
inevitable that product variability will have had some effect. Variations in individual cigarette
weights, variations in the paper porosity of individual cigarettes, variations in the filter efficiencies of
individual cigarettes, and so on, will all have had an effect on the data.

4.03 It must be clearly understood that the level of repeatability and reproducibility as estimated by
r and R given in Section 3 may not apply when cigarettes of other designs are tested by this method.

4.04 Cigarettes with lower production volumes or cigarettes incorporating novel design features are
in general inherently more variable than the test cigarettes. It follows that analytical data obtained
from such cigarettes may be more variable than the data obtained from the cigarettes used in this
study.

4.05 Any broader interpretation of the values of r and R must inevitably take account of the
sampling scheme used to procure the cigarettes for smoking. When such sampling schemes are being
considered a number of factors must be taken into account.

4.06 CORESTA Recommended Method n° 24 deals with the sampling of cigarettes. Annex C of
this Recommended Method provides background information on the choice of sampling procedures.

4.07 When considering the interpretation of r and R under sampling schemes such as those
described in Recommended Method n° 24 it is vitally important to remember that r and R do not take
account of any long term variability in the data that might arise due to the variability of the product
itself. In the context of long-term product variability, values of r and/or R will only be applicable to
estimating confidence regions, etc., of such a product taken at a single point in time. To obtain an
estimate of the overall variability of the product is must be sampled continuously for perhaps many
months, and the components of variance due to the medium and long-term sources of variability
incorporated into the statistical analysis of the data.

4.08 It is clear from the analysis of the data described in Section 2 and 3 above that the objectives
of the study have been met.

4.09 This analysis shows that the three types of machine used in this study produced similar data.
That is to say, the differences between these machines, in terms of mean yields, were not significantly
different. In terms of variances, although one or two isolated differences were statistically significant,
there was insufficient evidence to indicate an overall difference between any two of the three types of
machine used in the study.

[It is worth noting that the First CORESTA Collaborative Study* (performed during August 1989), the
principal objective of which was to estimate means and variances using the then current version of
CORESTA Recommended Method n° 10, showed highly significant differences between the
machines. Thus the introduction of the Revised Recommended Method has served to eradicate these
differences.]

* Unpublished - Details available from CORESTA.

It is also worth noting that, using the relationship between r and R and mean level, the values of r and
R derived from the first study may be compared with those from the second. Using these
relationships, r and R for a notional 10 mg NFDPM/1.0 mg nicotine cigarette may be interpolated as
follows :
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at 10 mg NFDPM and 1.0 mg nicotine :

NFDPM Nicotine
HAR1 HAR2 HAR1 HAR2

r 1.560 0.949 0.135 0.088
R 2.579 1.572 0.254 0.149

HAR1 = results from First study
HAR2 = results from Second study

From this table it can be seen that the introduction of the Revised Method has not only reduced the
differences between machines (with a corresponding reduction in R) but has also reduced r.

4.10 The essence of the results of this study is contained in the tables relating values of r and R to
mean levels of NFDPM or nicotine or water. (See section 3.) In ISO 4387: 1991 the definitions of r
and R are as follows :

"The difference between two single results found on matched cigarette samples by one operator using
the same apparatus within the shortest possible time period will exceed the repeatability value (r) on
average not more than once in 20 cases in the normal and correct operation of the method.

Single results on matched cigarette samples reported by two laboratories will differ by more than the
reproducibility value (R) on average not more than once in 20 cases in the normal and correct
operation of the method.

One test result is defined as the mean yield obtained from smoking 20 cigarettes in a single run."

4.11 These definitions show quite clearly that these values of r and R relevant only to single results
determined on the basis of 20 cigarettes from matched samples of cigarettes, i.e. 1 smoking run on the
rotary machine or 4 channels on a linear machine.

4.12 An indication of the way in which these data might be used, for example comparisons based
on more than two values, is given in ISO/DIS 5725-6: 1990. An important point to emerge from this
draft standard is :

The values of r and/or R can only be used under repeatability conditions and/or reproducibility
conditions. Repeatability conditions are defined to be "Conditions where independent test results are
obtained with the same method on identical test material in the same laboratory by the same operator
using the same equipment within short intervals of time". Reproducibility conditions are defined to be
"Conditions where test results are obtained with the same method on identical test material in different
laboratories with different operators using different equipment".

That is to say, if the sampling scheme used to obtain the cigarettes to be smoked, or the test procedure
used, do not meet these definitions, then the values of r and R cannot be used to assess the results.

4.13 This Draft Standard also gives, in considerable detail, methods of monitoring the internal
quality of the data arising within a single laboratory over a period of time. It is noted that changes
may occur to both the precision and trueness of the data. Precision is defined as "The closeness of
agreement between independent test results obtained under prescribed conditions".

Trueness is defined as "The closeness of agreement between the average value obtained from a large
series of test results and an accepted reference value. The measure of trueness is usually expressed in
terms of bias". The situation where no accepted reference value exists is also considered.
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It is important to note the use of the terms "trueness" and "precision" in ISO/DIS 5725-6 : 1990. The
relationship between these terms, and the terms "repeatability" and "reproducibility" as used in the
earlier version of this Standard are rather subtle. For information, part of Section One and the whole
of Section Two of ISO/DIS 5725-1 : 1990 are given in Appendix 8. These Sections give the
definitions of these and other terms used in the revised Standard, and the relationship between them.

4.14 Each individual product, and the sampling scheme used to obtain the cigarettes taken for
examination, must be treated as separate cases, and such treatment is clearly beyond the scope of this
report. It is important to realise however that such treatments are necessary for the proper evaluation
of the data.

4.15 In 4.12 it was pointed out that ISO/DIS 5725-6 : 1990 demonstrates that the variances
associated with r and R can be combined in a number of ways to meet the requirements of alternative
situations. In the same way, the statistical expressions given in ISO/DIS 5725-6 : 1990 can be
augmented to take account of a variety of sampling schemes, and to take account of the source of
medium-term and long-term variability of the product.

____________________________

PANEL OF EXPERTS APPOINTED BY
THE CORESTA SMOKE STUDY GROUP REVIEW OF METHODS TASK FORCE

Hans V. THOMSEN Skandinavisk Tobakskompagni
Denmark (Convener)

Jean-Bernard BODER Philip Morris
Switzerland

Rolf KROEGER Reemtsma
Germany

Michael OGDEN R.J. Reynolds
U.S.A.

Edward B. WILKES *British-American Tobacco Co Ltd
U.K.

* (now independent consultant to CORESTA).



- 10 -

APPENDIX 1

SECOND CORESTA COLLABORATIVE STUDY ON SMOKE ANALYSIS

EXPERIMENTAL PROTOCOL

0.0. INTRODUCTION

0.0.1. In October 1989 a Task Force of the Smoke Group of CORESTA, in response to a request
from the ISO/TC 126 Committee, produced a revised Standard Method for the measurement of the tar
and nicotine deliveries of cigarettes. This revised Method must be assessed for reproducibility and
repeatability prior to its adoption as the official CORESTA Standard.

0.0.2. The objective of the ISO/TC 126 Committee is to modify the current ISO Standard 4387 in
order to improve its precision, especially in terms of the standard deviation between laboratories. This
implies that the reproducibility (R) and repeatability (r) of the revised method must be estimated
before CORESTA can offer it to ISO. Hence the need for the proposed study.

0.0.3. The limits of the revised method at very low deliveries are of special interest. There is
currently no agreed Standard for the definition of the Limit of Quantitation (LOQ) of this type of
measurement. This protocol includes proposals for the estimation of the LOQ. The data that will be
obtained from this study will itself assist in the understanding of this problem.

1.0. OBJECTIVES OF THE STUDY

1.0.1. The principal objective of this collaborative study is the estimation of the reproducibility and
the repeatability of the measurement of the delivery of nicotine-free dry particulate matter (NFDPM)
from cigarettes smoked according to the revised CORESTA Standard Method. The reproducibility
and repeatability of the method are known to be dependent upon the level of NFDPM being measured,
but the form of this dependency is not known at very low condensate levels. Thus subsidiary
objectives of the study are :

- to investigate the relationship of R and r with the delivery of NFDPM.

- to estimate if possible the LOQ of the method.

- to consider the effect of type of smoking machine on the results.

1.0.2. The measurement of the nicotine delivery of cigarettes will also be included in the analysis of
the data.

1.1. Dependency of R and r on levels of NFDPM or nicotine

1.1.1. In order to investigate the relationship between R and r and the level of delivery (of either
NFDPM or nicotine) six brands of cigarettes will be used. They are

A. Now (RJR US)

B. R1 (Reemtsma)

C. Philip Morris Extra (Swiss) (PM Switzerland)

D. State Express "555" Special Mild (BAT UK & E)

E. Prince (Skandinavisk Tob.)

F. Peter Stuyvesant (Reemtsma).
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1.2. Estimation of the Limit of Quantitation

1.2.1. The LOQ of the measurement of cigarette deliveries is not yet defined. In order to make some
assessment of the magnitude of this limit three methods of estimation will be used.

1.2.2. The data will be used to estimate values of R and r at the lowest level of delivery. These
values of R and r will be assumed to remain constant down to the zero delivery level. This assumption
will allow an estimate of the upper bound of the LOQ to be made.

1.2.3. An unlit cigarette will be "smoked" using 10 puffs. The filter pads will be handled and
analysed in the usual way. The data obtained from this unlit cigarette will be used to provide estimates
of R and r at a notional zero delivery, and these values will then allow an estimate of the lower bound
of the LOQ to be made.

1.2.4. The cigarette "Now" will be used for unlit "smoking" and will become cigarette G in this
study.

1.2.5. If possible the form of the relationship between r and the levels of delivery will be established
using regression techniques. The regression equation will then be used to extrapolate values of r at
zero delivery. These values will allow an estimate of the probable value of the LOQ to be made.

1.3. Estimation of the effect of type of smoking machine

1.3.1. Three types of smoking machine will be used in this study viz :

- Filtrona SM 302 : 8-port linear smoking machine

- Filtrona SM 300, Filtrona SM 350, Phipps & Bird: 20-port linear smoking machines

- Borgwaldt RM : 20-port rotary smoking machine.

1.3.2. For the purposes of this study the various versions of the 20-port linear smoking machine will
be regarded as the same machine, although it is recognised that there are differences of detail in their
mode of construction.

1.3.3. All machines will use non-hygroscopic Cambridge filter holders to trap the smoke. The linear
machines will use 44 mm diameter filter pads. The rotary machines will use one central 92 mm
diameter filter pad.

1.3.4. The revised cigarette holder incorporating the slotted washer will be used.

1.3.5. The linear smoking machines will use 5 cigarettes per run through each port/trap.

1.3.6. The rotary machines will use 20 cigarettes per run through the central trap.

1.3.7. The equipment required to establish standardised ambient air-flow conditions according to the
revised ISO method will be used.

2.0. VARIABLES

2.1. Target variables

2.1.1. The variables to be analysed in order to estimate the Reproducibility and Repeatability of the
method are Nicotine Free Dry Particulate Matter (NFDPM) and Nicotine. Ancillary measurements
will be Puff number, Total Particulate Matter (TPM), and Water. Some laboratories may also report
Carbon Monoxide delivery (CO mg).

2.1.2. It is recognised that not all of the laboratories participating in this study will be set up to
measure carbon monoxide delivery (CO mg) on a routine basis. It is therefore proposed that only
those laboratories that measure CO mg routinely should consider exercising the option to report results
for CO mg in this study.
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2.4. Internal documentation of tests

2.4.1. Each laboratory will document the method used following (where appropriate) the
recommendations of ISO Standard 4387 (Revised). The relevant requirements of Section 8 of ISO
4387 (Revised) are shown as Appendix 1 to this protocol. (Note that the requirements concerning the
number of digits to be reported have been modified to meet the objectives of this study.)

2.4.2. It is requested that each laboratory retains a copy of the internal documentation of this study
for at least one year after the completion of the study in order to be able to respond to any queries that
might arise from the analysis of the data.

2.5. Exchange of data

2.5.1. All the data arising from this study will be made available to all the laboratories participating
in the study.

2.5.2. To facilitate the exchange of data, all laboratories will be asked to send their results to the
study co-ordinator, H. THOMSEN, for collation prior to the distribution of the data.

2.5.3. The format and medium to be used for the reporting of results are shown in Appendix 2 to this
protocol.

2.5.4. The collated results will be passed by H. THOMSEN to the persons responsible for the
organisation of this study as nominated by the CORESTA Task Force at its meeting in Rome. The
nominated persons are H. THOMSEN, J.-B. BODER, R. KROEGER, M. OGDEN, and E. WILKES.

3.0. DESIGN OF THE STUDY

3.1. Numbers of cigarettes

3.1.1. The study will use the 6 cigarettes listed in Section 1.1., plus an unlit cigarette.

3.1.2. The smoking plans will use l00 of each of these cigarettes.

3.2. Smoking plans

3.2.1. The smoking plans will incorporate 8 cigarettes, shown as A, B, C, D, E, F, G and M in the
smoking plans, where G denotes the unlit cigarette and M denotes any cigarette that may be used as an
in-house monitor. A CORESTA reference cigarette has been made available and may be used as
cigarette M.

3.2.2. For each cigarette, 5 runs will be required when a Borgwaldt machine is used, and 20 ports of
smoking will be required when a Filtrona machine (or its equivalent) is used.

3.2.3. For this study, one-test results is defined as the mean delivery obtained from smoking 20
cigarettes in a single run.

3.2.4. Thus the smoking plans given in Appendices 3, 4 and 5 call for four ports per brand to be used
within each run using Filtrona or equivalent machines. (The Borgwaldt machine always uses 20
cigarettes per run.)

3.2.5. The unlit cigarette is to be incorporated in the smoking runs just as if it were to be lit, with 10
unlit puffs being taken through the filter pad.

3.2.6. Unlit cigarettes are to be used only once. Fresh cigarettes must be used in each run, and 5
fresh cigarettes must be puffed through each filter pad.

3.2.7. Cigarettes which have been used for unlit "smoking" must not be used in subsequent lit smoke
runs.
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4.0. GENERAL REMARKS

4.0.1. Each participating laboratory will be asked to use only one type of smoking machine. A
minimum of 24 laboratories will be recruited into the study. Of these, 8 will use Filtrona SM 302 8-
port linear smoking machines, 8 will use Filtrona SM 350 (or equivalent) 20-port linear smoking
machines, and 8 will use Borgwaldt RM 20 rotary smoking machines.

4.0.2. If more than 24 laboratories are recruited into the study then an event balance between the
types of smoking machine being used will be maintained as closely as possible, subject to the
restriction that a minimum of 8 of each type of machine is used.

4.0.3. If possible, each participating laboratory will use only one operator throughout the course of
the study.

4.0.4. The sealed Cambridge filter holder assembly, without the cigarette holder, will be weighed
both before and after smoking.

4.0.5. The filter holder will be dry-wiped to ensure that any tar deposited in the holder is included in
the nicotine/water extraction.

4.0.6. A new slotted washer will be used for each smoke run i.e. after smoking 5 cigarettes (per port)
on the linear machines or after smoking 20 cigarettes on the rotary machine.

4.0.7. The cigarettes will be taken from production runs of current brands. The sample of cigarettes
for each brand will be taken from a single run as closely together as possible in order to minimise the
effect of production variability.

4.0.8. The cigarettes will be dispatched to the co-ordinator of the study for randomisation prior to
dispatch to the participating laboratories. No further preparation of the cigarettes is required apart
from the usual conditioning prior to smoking. In particular, neither weight nor pressure drop selection
procedures are to be used.

4.0.9. The air-flow over the cigarettes will be defined prior to the start of the study in the light of all
available information when the results of the air-flow experiments now being undertaken are known.

4.0.10. The statistical analysis of the results will follow as closely as possible the recommendations of
ISO 5725, and the guidelines provided by CORESTA and the AOAC. The treatment of outliers will
follow the AOAC "Guidelines for Collaborative Study Procedures to Validate the Characteristics of a
Method of Analysis".
(JAOAC Vol. n° 1, 1988.)

4.0.11. This study is aimed at establishing R and r for the revised CORESTA Standard Method n° 23.
It should be remembered that the associated CORESTA Methods nos 21, 22 and 24 have also been
revised.

19th July, 1990

H. THOMSEN, J.-B. BODER, R. KROEGER, M. OGDEN, E. WILKES.
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APPENDIX 2

3-PAGE FAX MESSAGE TO ALL MEMBERS OF THE CORESTA REVIEW OF
METHODS TASK FORCE

Dear Colleague,

The time for the long awaited collaborative exercise has arrived. Let me please advise you that the
airflow setting will be 200 mm/sec. Those using the Borgwaldt machine have already been advised of
the method of making the measurement using the LAMBRECHT instrument. For those of you using
the linear machine, airflow should be set at 200 mm/sec using the TSI/BIRAL instrument with the
probe set at the butt length plus 40 mm along the axis of the cigarette position. Measurements should
be taken at ports 1, 5, 10, 15, 20.

You must allow plenty of time to take an average reading and before making adjustments as the flow
is highly variable. If you are using the digitiser, the operating instructions have been included. Please
aim to achieve an average setting of 200 mm/sec along the length of the machine. All participants
have been asked to record the flow rate for each smoking.

Please observe the following simple instructions as this will help those people involved in the analysis
of data - remember, time is not on our side :

- start smoking as soon as possible in the week beginning l0th September

- ensure that you follow the latest version of the protocol sent with the last Minutes

- ensure that you fully comply with the instructions for recording the data and transmitting the data on
disc where possible

- all data should be in the hands of Hans THOMSEN by 21st September

- Hans THOMSEN will chase up any outstanding data and send all data to Ted WILKES by 28th
September

- be sure to use the machine designated to you in the protocol

- in a covering letter, please describe the machine, e.g. Filtrona 350, Phipps & Bird, Modified Filtrona
300 using Filtrona parts, own modification, Borgwaldt, Modified Borgwaldt. . . etc.

- describe the type of triduct if using a 300/350 type machine

- describe the modification if not using a manufacturer's retrofit kit

- describe the enclosure used for the SM 302 or state "Filtrona supplied hood"

- give details of the airflow measurement equipment and if applicable its method of use

- remove the flap from the 300/350 smoking machine if fitted

- retain all surplus cigarettes in case repeats are called for and so that other studies may be done if
required

- if an in-house monitor cigarette is used, give the yield of tar, nicotine and CO previously obtained

- only use IM13 to set the airflows if you do not have access to an anemometer

- when all data is available, E.-B. WILKES will collate the data and send it to M. OGDEN for analysis

- all other companies are welcome to a copy of this raw data but it will only be sent to those people
who ask for it. E.-B. WILKES can be contacted care of myself at BAT if you wish to ask for a copy.
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If you have any urgent queries about study, Manuel and I will be in Copenhagen September 10th-
12th. Hans THOMSEN will arrange to get a message to us if required.

Finally may I thank you all for the hard work which this will entail and, on behalf of Manuel and
myself, wish you good luck. We look forward to our meeting in Copenhagen. For those of you going
to Greece, we shall see you there.

Kind regards,

H.F.D. DYMOND

6th September 1990





- 18 -

A3.2.8. The VMD l00 is programmed to support one dedicated sensor using a 16-point calibration.
Sampling times in steps of 10 seconds can be selected within the range 10 seconds to 120 seconds.
Measurements are displayed via a serial printer port providing formatted output of elapsed time,
average air velocity, and a plot of the variation in flow.

A3.2.9. Figure A3.2 shows a specimen of this formatted output.

A3.3 MODIFICATIONS FOR 20-CHANNEL LINEAR MACHINES

A3.3.1. Figure A3.3 is a schematic diagram of the layout of a 20-channel machine incorporating the
modified hood. This figure shows the position of the internal duct, baffle to the rear of the smoking
bar, and indicates the location of the ashtray in the lighting position and the smoking position.

A3.3.2. Figure A3.4 is a schematic diagram which shows the location of the air velocity measurement
position relative to the puff termination position. (Note that this diagram is applicable to both 20-
channel and 8-channel machines.)

A3.3.3. This re-designed hood is capable of meeting the requirements of the revised CORESTA
Recommended Method n° 25. It was the intention that, with the hood correctly installed and
calibrated, air-velocity settings could be controlled via measurements taken in the tri-duct. Since the
air-velocity in the ducts is considerably higher than at the reference air-velocity measurement position
it is more easily measured and controlled, and this should result in improved control of air-flow over
the cigarettes. For the purposes of this experiment however, air-flow was controlled via measurements
taken at the air-velocity measurement position shown in Figure A3.4. (For details refer to the
Experimental Protocol given in Appendix 2.)

A3.4. ENCLOSURE FOR 8-CHANNEL LINEAR MACHINE

A3.4.1. Figure A3.5 is a schematic diagram of an enclosure provided for use with 8-channel smoking
machines. This enclosure incorporates all the essential design features of the hood for the 20-channel
machines, and can be set up in a similar fashion, so that control of air-flow through the exhaust duct
will lead to proper control of air-flow in the vicinity of the cigarettes being smoked. For the purposes
of this experiment however air-flow was controlled via measurements taken at the air-velocity
measurement position shown in Figure A3.2. (For details refer to the Experimental Protocol given in
Appendix 2.)

A3.5. FOOTNOTE

A3.5.1. Subsequent to the conduct of this experiment a fully redesigned hood for 20-channel linear
machines, and a re-designed enclosure for 8-channel linear machines, has been made available by the
manufacturer. Each of these is capable of meeting all the requirements of CORESTA Recommended
Method n° 25. In particular, with the hood correctly installed and calibrated, air-velocity settings may
now be controlled via measurements taken in the ducting.

A3.5.2. Details of the re-designed hood and the re-designed enclosure, and of the method used for
installation and calibration, are available from the manufacturer :

Filtrona Instruments and Automation Ltd
Denbigh Road, Bletchley
Milton Keynes MK1 1 DH
England.
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FIGURE A4.1

FIGURE A4.2
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FIGURE A4.4
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FIGURE A4.5

EXAMPLE OF AN ENCLOSURE FOR A ROTARY SMOKING MACHINE WITH HOOD



- 30 -

APPENDIX 5

COLLATION AND DATA VALIDATION

A5.1. In any study it is important to ensure that the data going into the statistical procedures are of
the highest quality possible. With this in mind the data were scanned for any anomalous features. The
outcome was as follows :

A5.2. One laboratory had not followed the final version of the experimental protocol. Only 6 of the
8 cigarettes were smoked, following a smoking plan not according to the protocol. Even so the data
from this laboratory were retained at this stage of the analysis, with suitable adjustments to cigarette
codings and run numbers. These adjustments were made to enable data retrieval procedures to work
correctly.

A5.3. Three other laboratories did not follow the protocol in respect of the unlit cigarette in that they
did not take the correct number of puffs. This was not seen as a major violation of the protocol and
the data from these laboratories were also retained for analysis.

A5.4. The reported data gave values of TPM, water, nicotine and NFDPM. It is thus possible to
compare the reported NFDPM with that obtained by calculation, calculated NFDPM is TPM minus
water minus nicotine. A comparison of NFDPM as reported with calculated NFDPM showed that
there were many instances where a difference of 0.1 mg or more had occurred. Inspection of these
data showed that the majority of them were due to incorrect use of the minus signs arising in the data
from the unlit cigarette. It was decided to ignore these apparent errors and consider the remaining
cases. It seemed to be quite likely that most if not all of these arose as a result of errors arising during
the course of transcribing the data. Those laboratories whose data contained such apparent errors were
therefore asked to check the reported results with their in-house data.

A5.5. In view of A5.4., before proceeding to any further scanning for anomalous data points the
values of reported NFDPM were replaced by calculated values throughout the data file.

A5.6. One laboratory reported water, nicotine and NFDPM results for the unlit cigarette, but coded
TPM as missing. This was an obviously illogical situation and so the TPM data for this cigarette for
this laboratory were obtained by computing TPM as water plus nicotine plus NFDPM.

A5.7. The data arising from the linear smoking machines were then examined with a view to
detecting anomalous results from individual channels. This was done by sequentially selecting the
data for each machine (8-channel or 20-channel) and each cigarette. To each sub-set of the data
selected in this way a simple two-way analysis of variance model was fitted (between laboratories and
between runs) and the standardised residuals from this model examined for values outside the range -3
to +3. This was done for both NFDPM and nicotine. There were 37 such "anomalous" data points for
NFDPM and 39 for nicotine. As before, it was recognised that erroneous data may well have arisen
during the course of transcribing of the data. Those laboratories whose data contained these
apparently anomalous data points were therefore asked to check the reported results with their in-
house data.

A5.8. Note that this procedure is not a formal statistical outlier test. It is a purely empirical
approach to the problem of identifying apparently anomalous data points for checking prior to formal
statistical treatment.

A5.9. From A5.7. it was clear that even before any transcription errors had been detected and
corrected the quality of the data appeared to be very high. The data set contains 3640 cases from
linear machines. Thus 37 suspect data for NFDPM were equivalent to an error rate of 1.02%. The
corresponding figure for nicotine was 1.07%.
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A5.10. Before proceeding to the next stage of data screening, all the suspect values of NFDPM and
nicotine identified in A5.7. were recoded as missing. It must be clearly understood that this was a
temporary expedient to allow the screening of the data to proceed. The final decision on whether or
not to recode such anomalous data points as missing was not made until the laboratories reporting
these anomalous points had checked their data.

A5.11. The data from the linear machines were then averaged over 4 channels within each smoking
run giving a mean result based upon 20 cigarettes, thus making the data from the linear machines
comparable with that from the rotary machines. [Note that in 3.2.3. of the experimental protocol
contained in Appendix l one test result is defined to be the mean yield obtained from smoking 20
cigarettes in a single run.] Taking the data for each cigarette in turn, a simple one-way analysis of
variance model (between laboratories) was fitted and any data point with a standardised residual
outside the range -3 to +3 was identified. This was done for both NFDPM and nicotine. There were
10 anomalous data points for NFDPM and 15 for nicotine. As before, those laboratories whose data
contained such anomalous data points were asked to check the reported results with their in-house
data.

It is worth noting that these values correspond to error rates of 0.83% for NFDPM and 1.25% for
nicotine, once again demonstrating the apparent high quality of the data.

A5.12. When all laboratories had rechecked and reported their findings (either correcting or
confirming the anomalous data points detected using the procedures described in A5.5., A5.7. and
A5.11. above) the final versions of the data files were prepared for analysis. There were two such
files.

A5.13. The first file contained the data as recorded for each individual channel for the linear smoking
machines, plus the data from the rotary smoking machines. Since the process of incorporating the
corrections into the data file had created further discrepancies between reported and calculated
NFDPM it was once again decided to replace reported NFDPM by calculated NFDPM throughout the
file. There were 3960 cases in this file.

A5.14. The second file contained the data from the linear machines averaged over 4 channels within
each smoking run (giving a mean result based upon 20 cigarettes), plus the data from the 20-channel
rotary machines. These averages were derived from the data file described in A5.13. above. There
were 1 200 cases in this file.

A5.15. These two data files formed the basis of the statistical analysis of the results of the study.
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APPENDIX 6

STATISTICAL METHODOLOGY

A6.1. The procedures used for the statistical analysis of the data are given in the International
Organisation for Standardisation (ISO) ISO 5725 : 1986, and in the guidelines of the Association of
Official Analytical Chemists (AOAC). In addition it was decided to use a rank sum test for outlying
laboratories.

A6.2. References for these documents are :

A6.2.1. "Precision of test methods - Determination of repeatability and reproducibility for a standard
test method by interlaboratory tests." International Organisation for Standardisation ISO 5725: 1986,
Geneva, Switzerland.

A6.2.2. "Guidelines for collaborative study procedure to validate characteristics of a method of
analysis."
Journal of the Association of Official Analytical Chemists Vol. 71, n° 1, pp. 161-172 (1988).

A6.2.3. "Statistical Manual of the Association of Official Analytical Chemists." ( 1975 )

W.J. YOUDEN, and E.H. STEINER. Association of Official Analytical Chemists, Arlington, Virginia
(Fifth printing 1987).

A6.2.4. "On an extreme rank sum test for outliers." W.A. THOMPSON and T.A. WILKE,

Biometrika, Vol. 50, pp. 375-383 (1963).

A6.2.5. GRUBBS F.E.

Technometrics, Vol. 11, n° 1, pp. 1-20 (February 1969).

A6.2.6. GRUBBS F.E., GLENN B.

"Extension of sample sizes and percentage points for significance tests of outlying observations."
Technometrics, Vol. 14, pp. 847-854 (1972).

A6.2.7. COCHRAN W.G.

"The distribution of the largest of a set of estimated variances as a fraction of their total." Annals of
Eugenics, Vol. 11, Part 1, pp. 47-52 (1941)

A6.2.8. BONFERRONI C.E. in :

MILLER R.

"Simultaneous Statistical Interference"
McGraw-Hill New York ( 1966), pp. 67-70

(The original work is in two obscure Italian journals.)

A6.3. Figure A6.1 is a flow-chart summarising these procedures. A brief description of the
statistical techniques embodied in this flow-chart is as follows.

A6.3.1. Screen out non-valid data. The initial data screening is described in Appendix 5. In
addition, it was decided to use the rank sum test as an aid in identifying those laboratories which
reported consistently high or low results for all cigarettes. [ISO 5725 : 1986 recommends the use of a
test for outlying laboratories but does not specify any particular test.] The testing scheme of YOUDEN
and STEINER was followed: as a conservative measure it was applied at the 99% confidence level
rather than at the recommended 95% level. Rank sum testing was applied to the data arising from six
of the eight cigarettes used in this study. The data from the unlit cigarette, and the monitor cigarette(s)
were not used. Any laboratory giving a statistically significant result under the rank sum test was
omitted from any further stages of the analysis.
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A6.9. The differences between the three types of smoking machines were assessed in terms of the
mean via pair-wise t-tests based upon the standard errors of the means. The critical t-values used were
those for the 95% confidence level (2-tailed) with a BONFERRONI adjustment for multiple
comparisons. In this case 3 comparisons are being made: with the overall experiment probability level
set at P = 0.05 (2-tailed, 95%) the adjustment gives an overall comparison probability level of P =
0.0167 (2-tailed).

A6.10. The differences between the three types of smoking machines were assessed in terms of both
repeatability and reproducibility via pair-wise F-tests based upon the ratios of the components of
variance used in the calculation of r and R. The degrees of freedom used in conjunction with tests of
repeatability were those associated with the within-laboratory component of variance. The degrees of
freedom used in conjunction with tests of reproducibility were those associated with the among-
laboratory component of variance. The critical F-values used in both cases were those for a 95%
confidence level (1-tailed) after making a BONFERRONI adjustment for the 3 comparisons involved:
with the overall experiment probability level set at P = 0.05 (1-tailed, 95%) the adjustment gives an
overall comparison probability level of P = 0.0167 (1-tailed).

FIGURE A6.1

FLOWCHART FOR OUTLIER REJECTION
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APPENDIX 7

RESULTS OF ANALYSIS

A7.01. During the preparation of the protocol for this study it was considered to be important to
have each of the three types of smoking machine used by as many laboratories as possible. The
distribution of primary machine-type (i.e. the machine routinely used) amongst the laboratories
showed however that the 8-channel linear machine would be inadequately represented in the study. It
was therefore decided to request two of the participating laboratories to smoke the cigarettes used in
the study on two different machines (using different operators for each machine). For the purposes of
the analysis, the set of results from the two machines within each of these two laboratories would be
treated as if they had come from different laboratories. Thus, although there were 28 laboratories
participating in the study, there were 30 data sets available for analysis and throughout this Appendix
we refer to the study as having 30 participating laboratories.

A7.02. The numbers of the three types of machines actually used were :

- 8-channel linear = 7
- 20-channel linear = 16
- 20-channel rotary = 7

A7.03. As noted earlier in Appendix 5, paragraph A5.2., one laboratory did not follow the protocol.
It was therefore decided, in accordance with the ISO/AOAC guidelines, that the results from this
laboratory should not be included in the statistical analysis of the data. For completeness however, the
data from this laboratory are included in the plots of the results.

A7.04. Cigarette code 8 in the protocol was introduced to accommodate the use of a monitor
cigarette during the smoke runs. This is common laboratory practice and is used as the basis for the
in-house quality control of data. A monitor cigarette was provided for those laboratories that may not
routinely use a monitor cigarette. Since all laboratories did not use the same cigarette as monitor any
statistical evaluation of the monitor data is meaningless and has therefore not been undertaken. For
completeness however, the results from monitor smokings are included in the summarisation of the
data given in Tables A7-17 to A7-24 in section A7.09.

A7.05. The protocol given in Appendix 1 used the numeric codes 1 to 28 to identify the
participating laboratories. As explained in A7.01. above, there was in effect 30 data sets available for
analysis. For simplicity of representation in the plots the codes 1 to 30 were replaced by the single-
character sequence 1 to 9, 0, A to R and Y and Z. This enables single characters to be used in place of
two-digit codes in the plots, thus avoiding confusion in the plotted data.

A7.06. Analysis of NFDPM data (Nicotine-Free Dry Particulate Matter).

A7.06.01. Plots of the data are shown in Figures A7.1 to A7.7 attached. Each graph represents the
data from one cigarette. These Figures show each result (the average of 20 cigarettes) from each
laboratory plotted against the sorted laboratory means. The laboratory with the lowest mean is shown
in order 1 through to the laboratory with the highest mean at order 30.

A7.06.02. Rank sum testing (using the results from cigarettes 1 to 6 i.e. omitting the unlit cigarette
data and the monitor data) indicated that laboratory 8 reported consistently low values of NFDPM
(rank sum 18) whilst laboratory J reported consistently high values (rank sum 158). Critical rank sum
values (P = 0.01, 99% confidence level) for 291aboratories and 6 cigarettes are 23 (low sum) and 157
(high sum). Thus the laboratories coded 8 and J were deemed to be outliers and were not included in
the analysis of the NFDPM data.

[Note that the rank sum for the laboratory coded N is 28. This value would have been seen as a
significant outlier at the 95% confidence level but is not significant at the 99% confidence level used
for this study.]
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A7.06.03. The following Table shows the outcome of the COCHRAN and GRUBBS outlier tests,
following the sequential procedure described. Laboratories were eliminated from the analysis of data
only for the corresponding cigarettes.

TABLE A7-1

NFDPM. Outlying Laboratories

First cycle Second cycle Third cycle
CIG CT GS GP CT GS GP CT GS GP

1 H Z
2 6
3 Z
4 Y
6 P
5 L
7 Z M

Note that cigarette 7 was the unlit cigarette
CT = COCHRAN's test GS = GRUBBS' single test GP = GRUBBS' paired test

A7.06.04. The mean NFDPM of each cigarette, along with the estimates of repeatability (r) and
reproducibility (R) both before and after outlier removal are shown in the following table. This fulfils
the prime objective of this study.

TABLE A7-2

NFDPM. Estimates of r and R

Before outlier removal After outlier removal

CIG
Mean

mg/cig r R
Mean

mg/cig r R

1 0.82 0.52 0.77 0.82 0.40 0.60
2 1.62 0.72 0.90 1.61 0.52 0.74
3 3.33 0.62 1.08 3.31 0.52 0.90
4 7.71 1.08 1.72 7.70 0.88 1.51
6 12.65 1.32 1.84 12.61 1.06 1.70
5 17.30 1.31 2.32 17.40 1.19 1.84
7 - 0.08 0.40 0.77 - 0.12 0.32 0.53

Note that cigarette 7 was the unlit cigarette

A7.06.05. The protocol also gives subsidiary objectives of the study. The first of these was to
investigate the form of the relationship if any between mean delivery and r, or mean delivery and R.
Table in A7-2 shows that in general, as the mean NFDPM increases, so also do the values of r and R.
These relationships are shown graphically in Figures A7-8 and A7-9.

A7.06.06. Another objective was to consider the effect of type of smoking machine on the results.

A7.06.07. From the original data set the results from three laboratories were omitted: one on the
basis of violation of the protocol, and two others via the rank sum test. The remaining data were
partitioned by type of machine. The data were then subjected to COCHRAN and GRUBBS testing (as
per Appendix 6) within each machine-type. Only one pass through the cycle was allowed: this
restriction was imposed in view of the small numbers of laboratories using 8-channel linear and 20-
channel rotary machines.
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A7.06.08. The following Table shows the outcome of these COCHRAN and GRUBBS outlier tests.

TABLE A7-3

NFDPM. Outlying Laboratories

8-channel linear 20-channel linear 20-channel rotary
CIG CT GS GP CT GS GP CT GS GP

1 H
2 6 Z
3 Z H
4 N
6 P
5 L
7 Z M

Note that cigarette 7 was the unlit cigarette
CT = COCHRAN's test GS = GRUBBS' single test GP = GRUBBS' paired test

A7.06.09. The data used for machine-type comparisons for equality of means are shown in the
following Table.

TABLE A7-4

NFDPM. Machine-type comparisons for equality of means

8-channel linear 20-channel linear 20-channel rotary
CIG Mean S.E. Mean S.E. Mean S.E.

1 0.81 0.12 0.83 0.05 0.88 0.04
2 1.48 0.04 1.63 0.05 1.56 0.06
3 3.19 0.13 3.37 0.08 3.30 0.08
4 8.05 0.12 7.69 0.12 7.71 0.12
6 12.62 0.24 12.70 0.16 12.44 1.12
5 17.40 0.32 17.56 0.12 17.11 0.14
7 - 0.12 0.11 - 0.11 0.04 -0.15 0.06

Note that cigarette 7 was the unlit cigarette
Mean = Mean NFDPM in mg/cigarette
S.E. = Standard error of the mean

A7.06.10. Pair-wise testing of the difference between these means, after BONFERRONI adjustment
for multiple comparisons (see Appendix 6), shows that there is no evidence to suggest a difference in
mean NFDPM delivery for any of the cigarettes used in this study as measured on the three types of
smoking machines. That is to say, when the three types of machines used in this study are operated in
accordance with the revised standard method, then the mean NFDPM obtained from matched samples
of cigarettes is expected to be independent of the type of machine used.

A7.06.11. Estimates of the values of r and R for each type of machine, for each cigarette, are shown
in the following Table.
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TABLE A7-5

NFDPM. Machine-type estimates of r and R

8-channel linear 20-channel linear 20-channel rotary
CIG r R r R r R

1 0.60 0.99 0.39 0.66 0.31 0.41
2 0.56 0.56 0.50 0.72 0.45 0.60
3 0.55 0.94 0.51 0.96 0.38 0.66
4 1.71 1.71 0.82 1.42 0.76 1.11
6 1.38 2.05 0.98 1.85 0.85 0.98
5 0.99 2.35 1.34 1.73 1.03 1.41
7 0.25 0.74 0.26 0.44 0.43 0.59

Note that cigarette 7 was the unlit cigarette

A7.06.12. The following table shows the results of machine-type comparisons, in terms of both r
and R. The comparisons were made via an F-ratio test, with a BONFERRONI adjustment for multiple
comparisons, using the components of variance underlying the estimates of r and R as the basics for
the F-test (see Appendix 6).

TABLE A7-6

NFDPM. Machine-type comparisons of r and R

8-channel linear =
20-channel linear

8-channel linear =
20-channel rotary

20-channel linear =
20-channel rotary

CIG r R r R r R
1 NO YES NO YES YES YES
2 YES YES YES YES YES YES
3 YES YES YES YES YES YES
4 NO YES NO YES YES YES
6 YES YES NO YES YES YES
5 YES YES YES YES YES YES
7 YES YES NO YES NO YES

Note that cigarette 7 was the unlit cigarette

In this table, YES means that the variances may be considered to be equivalent, whereas NO means
that the assumption of equality has been rejected by the F-test.

A7.06.13. From Table A7-6 it can be seen that there are a few isolated instances where the estimates
of repeatability appear to be significantly different. For example, the repeatability would appear to be
better for the 20-channe1 linear machines as compared with the 8-channel linear machines when
smoking cigarette 1 etc. Each machine-type appears to be better than one of the other types in terms
of repeatability for at least one cigarette. There is however, no overall pattern to the NO entries in the
table, and it is therefore difficult to escape the conclusion that in general all three machines may be
considered to be equivalent in terms of repeatability.

A7.06.14. From table A7-6 it can also be seen that there is no difference between the three types of
machines in terms of their reproducibility.

A7.06.15. The overall interpretation of these machine-type comparisons, in terms of mean, r, and R,
is that whilst a certain machine may on occasions appear to have better repeatability, there is sufficient
spread among the means from laboratories using the same type of machine for there not to be an effect
on the reproducibility of the data regardless of the type of machine being used. In general the three
types of machines may be considered as giving the same results.
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A7.07. ANALYSIS OF NICOTINE DATA

A7.07.01. Plots of the data are shown in figures A7-10 to A7-16. Each graph represents the data
from one cigarette. These figures show each result (the average of 20 cigarettes) from each laboratory
plotted against the sorted laboratory means. The laboratory with the lowest mean is shown in order 1
through to the laboratory with the highest mean at order 30.

A7.07.02. As with NFDPM, the data from laboratory C were considered to be invalid, and although
included in the plots (where available) are excluded from the calculation. Three laboratories
(laboratories 1, 6 and Y) used a spectrometric method instead of gas chromatography. These three
laboratories were also omitted from the final calculation of r and R i.e. only those laboratories
reporting nicotine by GC determination were included.

A7.07.03. Rank sum testing (using the results from cigarettes 1 to 6 i.e. omitting the unlit cigarette
data and the monitor data) indicated that laboratory Z reported consistently low values of nicotine
(rank sum 15) whilst laboratory 4 reported consistently high values (rank sum 144). Critical rank sum
values (P = 0.01, 99% confidence level) for 26 laboratories and 6 cigarettes are 21 (low sum) and 141
(high sum). Thus the laboratories coded Z and 4 were deemed to be outliers and were not therefore
included in the analysis of the nicotine data.

[Note that the rank sum for the laboratory coded 7 is 22. This value would have been seen as a
significant outlier at the 95% confidence level but is not significant at the 99% confidence level used
for this study.]

A7.07.04. The following table shows the outcome of the COCHRAN and GRUBBS outlier tests,
following the sequential procedure of Appendix 6. Laboratories were eliminated from the analysis of
data for the corresponding cigarettes.

TABLE A7-7
Nicotine. Outlying Laboratories Nicotine.

First cycle Second cycle Third cycle
CIG CT GS GP CT GS GP CT GS GP

1
2
3 M
4 8
6 M 8
5
7

Note that cigarette 7 was the unlit cigarette
CT = COCHRAN's test GS = GRUBBS' single test GP = GRUBBS' paired test

A7.07.05. The mean nicotine of each cigarette, along with the estimates of repeatability (r) and
reproducibility (R) both before and after outlier removal are shown in the following table. Data from
laboratories 1, 6 and Y (the laboratories using spectrometry ) are included in the analysis before outlier
removal. No data are given for cigarette 7, the unlit cigarette, after outlier removal since the large
number of zeros reported makes outlier removal meaningless. (All non-zero values would be removed
by outlier detection.)
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TABLE A7-8

Nicotine. Estimates of r and R Nicotine.

Before outlier removal After outlier removal
CIG Mean mg/cig r R Mean mg/cig r R

1 0.089 0.050 0.089 0.091 0.040 0.069
2 0.179 0.056 0.086 0.179 0.046 0.069
3 0.325 0.072 0.116 0.326 0.050 0.076
4 0.667 0.103 0.160 0.673 0.077 0.109
6 0.834 0.121 0.184 0.835 0.079 0.142
5 1.413 0.111 0.246 1.412 0.107 0.195
7 0.002 0.021 0.024 NA NA NA

Note that cigarette 7 was the unlit cigarette

These values fulfil the prime objective of this study.

A7.07.06. Table A7-8 shows that in general, as the mean level of nicotine increases, so also do the
values of r and R. This relationship is shown graphically in figures A7-17 and A7-18.

A7.07.07. Machine type comparisons for nicotine yield were performed in a slightly different
fashion than for NFDPM, where one outlier cycle (COCHRAN and GRUBBS tests) was allowed for
each machine-type after removing rank sum outliers from the original data set. For nicotine, it was
decided to omit nicotine results obtained by spectrometric determination in the machine-type
comparisons. As a result, after removing these laboratories and the rank sum outliers, there was an
insufficient number of laboratories representing the 8-channel linear machine to permit any further
outlier testing. For the sake of consistency, the data for the other 2 machine-types were treated in the
same fashion.

A7.07.08. The data used for the machine-type comparisons for equality of means are shown in the
following table.

TABLE A7-9

Nicotine. Machine-type comparisons for equality of means

8-channel linear 20-channel linear 20-channel rotary
CIG Mean S.E. Mean S.E. Mean S.E.

1 0.082 0.006 0.087 0.007 0.102 0.003
2 0.171 0.005 0.179 0.007 0.182 0.004
3 0.319 0.003 0.332 0.008 0.324 0.008
4 0.653 0.018 0.678 0.009 0.663 0.009
6 0.835 0.039 0.852* 0.010 0.803* 0.011
5 1.395 0.060 1.431 0.015 1.381 0.014
7 0.000 0.000 0.002 0.001 0.002 0.001

Note that cigarette 7 was the unlit cigarette

* Reject null hypothesis of equal means
Mean = Mean nicotine in mg/cigarette ; S.E. = Standard error of the mean

A7.07.09. There is evidence to suggest a difference in mean nicotine delivery between the 20-
channel linear and 20-channel rotary machines for cigarette 6. From this comparison, nicotine
measured on the 20-channel rotary machine is about 6% lower than that measured on the 20-channel
linear machine. Although statistically significant, the magnitude of this difference is of no practical
importance
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A7.07.10. Estimates of the value of r and R for each type of machine, for each cigarette, are shown
in the following table.

TABLE A7-10

Nicotine. Machine-type estimates of r and R

8-channel linear 20-channel linear 20-channel rotary
CIG r R r R r R

1 0.048 0.053 0.045 0.081 0.023 0.033
2 0.049 0.049 0.044 0.080 0.047 0.052
3 0.030 0.030 0.069 0.101 0.052 0.077
4 0.145 0.157 0.084 0.121 0.065 0.088
6 0.155 0.236 0.119 0.149 0.057 0.097
5 0.135 0.315 0.108 0.187 0.089 0.133
7 0.000 0.000 0.016 0.019 0.012 0.013

Note that cigarette 7 was the unlit cigarette

A7.07.11. The following table shows the results of machine-type comparisons, in terms of both r
and R. The comparisons were made via and F-ratio test, with a BONFERRONI adjustment for
multiple comparisons, using the components of variance underlying the estimates of r and R as the
basis for the F-test (see Appendix 6).

TABLE A7-11

Nicotine. Machine-type comparisons of r and R

8-channel linear = 20-
channel linear

8-channel linear = 20-
channel rotary

20-channel linear = 20-
channel rotary

CIG r R r R r R
1 YES YES NO YES NO YES
2 YES YES YES YES YES YES
3 NO YES YES YES YES YES
4 NO YES NO YES YES YES
6 YES YES YES YES YES YES
5 YES YES NO YES NO YES
7 NA NA NA NA YES YES

Note that cigarette 7 was the unlit cigarette
NA = Not Applicable; zero variance for 8 channel linear machine

In this table, YES means that the variances may be considered equivalent, whereas NO means that the
assumption of equality has been rejected by the F-test.

A7.07.12. As with NFDPM there are some instances where the repeatability appears to be
significantly different. For example, repeatability would appear to be: better in the 20-channel rotary
machine than in either the 8-channel linear or 20-channel linear machines for cigarettes 1 and 5 ; better
in the 8-channel linear machine than in the 20-channel linear machine for cigarette 3 ; and better in
both the 20-channel linear and 20-channel rotary machines than in the 8-port linear machine for
cigarette 4. Again, as for NFDPM, the differences noted are not clustered at either low or high
nicotine yields.

A7.07.13. As was the case NFDPM, there is no indication of any difference among machine-types
in a comparison of reproducibility.

A7.07.14. The overall interpretation of these results is that whilst one machine-type may in some
instances be more precise there is still sufficient spread in mean nicotine yields among laboratories
using the same machine-type to prevent an effect from being detected in among-laboratory variability.
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A7.08. ANALYSIS OF WATER DATA

A7.08.01. Plots of the data are shown in figures A7-19 to A7-25. Each graph represents the data
from one cigarette. These figures show each result (the average of 20 cigarettes) from each laboratory
plotted against the sorted laboratory means. The laboratory with the lowest mean is shown in order 1
through to the laboratory with the highest mean at order 30.

A7.08.02. As with NFDPM and Nicotine, the data obtained from laboratory C were considered to be
invalid and although included in the plots (where applicable) are excluded from this calculation. Four
laboratories used Karl FISCHER to determine water instead of gas chromatography (laboratories 1, 5,
H, Y). These four laboratories were also omitted from the final calculation of r and R i.e. only
laboratories reporting water by G.C. determination were included.

A7.08.03. Rank sum testing (using the results from cigarettes 1 to 6 i.e. omitting the unlit cigarette
data and the monitor data) indicated that no laboratory reported consistently low values of water but
laboratories N and E reported consistently high values (rank sum 144 and 137 respectively). The
critical rank sum value (P = 0.01, 99% confidence level) for 25 laboratories and 6 cigarettes is 136
(high sum). In order to check for a masking effect laboratory N was eliminated and the test repeated.
Even so laboratory E was still an outlier. Thus the laboratories coded N and E were deemed to be
outliers and were not included in the analysis of the water data.

No additional laboratories would have been excluded had the test been conducted at the 95%
confidence level.

A7.08.04. The following table shows the outcome of the COCHRAN and GRUBBS outlier tests,
following the sequential procedure of Appendix 6. Laboratories were eliminated from the analysis of
data for the corresponding cigarettes.

TABLE A7-12

Water. Outlying Laboratories

First cycle Second cycle Third cycle
CIG CT GS GP CT GS GP CT GS GP

1 9 6
2
3 6
4 L
6 P
5
7 D M 6.7 0

Note that cigarette 7 was the unlit cigarette

CT = COCHRAN's test GS = GRUBBS' single test GP = GRUBBS' paired test

A7.08.05. Outlier removal for all normally smoked cigarettes was complete after one cycle ;
however, outliers still remained for cigarette 7 (the unlit cigarette) even after three cycles. This is an
artefact of the outlier tests with a large number of zeros in the data set (similar to the situation with
nicotine) and is of no consequence to the normal application of the method.

A7.08.06. The mean water of each cigarette, along with the estimates or repeatability (r) and
reproducibility (R) both before and after outlier removal are shown in the following table. Values
obtained before outlier removal also include data from laboratories 1, 5, H and Y (the laboratories
using Karl FISCHER water determination).
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TABLE A7-13

Water. Estimates of r and R

Before outlier removal After outlier removal
CIG Mean mg/cig r R Mean mg/cig r R

1 0.144 0.288 0.543 0.083 0.154 0.241
2 0.186 0.238 0.468 0.153 0.228 0.353
3 0.380 0.327 0.554 0.338 0.272 0.381
4 0.997 0.487 0.869 0.962 0.407 0.734
6 1.608 0.671 1.121 1.595 0.561 0.935
5 3.171 0.991 1.771 3.187 0.908 1.680
7 0.071 0.273 0.403 0.015 0.132 0.180

Note that cigarette 7 was the unlit cigarette

These values fulfil the prime objective of this study.

A7.08.07. Table A7-13 shows that in general, as the mean level of water increases, so also do the
values of r and R. This relationship is shown graphically in figures A7-26 and A7-27.

A7.08.08. Another objective was to consider the effect of type of smoking machine on the results.

A7.08.09. Machine type comparison for water yield was performed in the same way as for nicotine
i.e. no COCHRAN and GRUBBS outlier testing was done after deleting rank sum outliers and
laboratories using Karl FISCHER water determination and separating laboratories by machine type.

A7.08.10. The data used for the machine-type comparisons for equality of means are shown in the
following Table.

TABLE A7-14

Water. Machine-type comparisons for equality of means

8-channel linear 20-channel linear 20-channel rotary
CIG Mean S.E. Mean S.E. Mean S.E.

1 0.105 0.085 0.099 0.020 0.108 0.014
2 0.118 0.072 0.155 0.025 0.184 0.028
3 0.290 0.077 0.338a 0.026 0.436a 0.023
4 0.834b 0.089 0.958c 0.068 1.158bc 0.023
6 1.391d 0.091 1.619 0.086 1.742d 0.041
5 2.829 0.211 3.302 0.166 3.248 0.064
7 0.049 0.066 0.052 0.018 0.051 0.046

Note that cigarette 7 was the unlit cigarette

Mean = Mean water in mg/cigarette
S.E. = Standard error of the mean

a, b, c, d = Reject null hypothesis of equal means for means denoted by the same letter

A7.08.11. There is evidence to suggest a difference in mean water delivery between: 20-channel
linear and 20-channel rotary machines (cigarettes 3 and 4) ; 8-channel linear and 20-channel rotary
machines (cigarettes 4 and 6). In all cases where differences were detected, the trend in results is :

8-channel linear < 20-channel linear < 20-channel rotary.
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All differences detected involve the 20-channel rotary machine and are clustered in the middle
NFDPM range (3.3-12.6 mg NFDPM per cigarette). This would seem to indicate significance of the
different amount of water collected per pad between the rotary and linear machines relative to the
uncertainty in the blank determinations. In addition to being statistically significant, these differences
are substantial ; water yields determined on linear machines range 20-30% lower than those
determined on the rotary machines.

A7.08.12. Estimates of the values of r and R for each type of machine, for each cigarette, are shown
in the following table.

TABLE A7-15

Water. Machine-type estimates of r and R

8-channel linear 20-channel linear 20-channel rotary
CIG r R r R r R

1 0.249 0.575 0.215 0.278 0.139 0.152
2 0.265 0.510 0.237 0.332 0.151 0.219
3 0.345 0.573 0.318 0.384 0.171 0.212
4 0.367 0.649 0.534 0.835 0.292 0.299
6 0.508 0.729 0.722 1.080 0.575 0.575
5 0.706 1.462 1.086 1.933 0.477 0.586
7 0.235 0.464 0.236 0.278 0.321 0.409

Note that cigarette 7 was the unlit cigarette

A7.08.13. The following table shows the results of machine-type comparisons, in terms of both r
and R. The comparisons were made via an F-ratio test, with a BONFERRONI adjustment for multiple
comparisons, using the components of variance underlying the estimates of r and R as the basis for the
F-test (see Appendix 6).

TABLE A7-16

Water. Machine-type comparisons of r and R

8-channel linear =
20-channel linear

8-channel linear =
20-channel rotary

20-channel linear =
20-channel rotary

CIG r R r R r R
1 YES YES NO NO YES YES
2 YES YES NO YES NO YES
3 YES YES NO YES NO YES
4 YES YES YES YES NO YES
6 YES YES YES YES NO YES
5 YES YES YES YES YES YES
7 YES YES YES YES YES YES

Note that cigarette 7 was the unlit cigarette

A7.08.14. There appears to be a trend in differing degrees of repeatability for low NFDPM ciga-
rettes between 8-channel linear and 20-channel rotary machines (cigs 1-3 ; NFDPM range 0.83.3
mg/cig) and for middle NFDPM cigarettes between 20-channel linear and 20-channel rotary machines
(cigs 2-4, 6 ; NFDPM ranging 1.6/12.6 mg/cig). In all cases, repeatability values are lower for the 20-
channel rotary machine.

A7.08.15. For reproducibility of water determinations, there is one comparison which results in
rejecting the null hypothesis of equal variances. In all other cases where a difference was detected in r
but not in R, the conclusion is that there is sufficient spread in mean water yields among laboratories
using the same machine-type to prevent an effect from being detected in among laboratory variability.
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A7.09. TABULATION OF DATA FROM 2nd HARMONISATION STUDY
The means and standard deviations shown in these tables are based upon 5 data points. Each data
point is the mean of 20 cigarettes.

Tabled data are the mean and standard deviation of TPM, Water, TNA, NFDPM for each cigarette by
type of machine and laboratories using these machines.

Also given (for each cigarette) are the minimum and maximum within each type of machine, the mean
for each type of machine, and the mean for all machines combined.

The mean SD is the pooled estimate of the SD within type of machine.

The overall mean SD is the estimate of the SD pooled over all machines.



- 46 -

FI
G

U
R

E
A

7-
1

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
T

TE
=

1
“N

ow
”

Pl
ot

of
N

FD
PM

(m
g/

ci
g)

vs
.O

R
D

E
R

.
Sy

m
bo

li
s

va
lu

e
of

L
A

B



- 47 -

FI
G

U
R

E
A

7-
2

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
T

T
E

=
2

“R
1”

Pl
ot

of
N

FD
PM

(m
g/

ci
g)

vs
.O

R
D

E
R

.
Sy

m
bo

li
s

va
lu

e
of

L
A

B



- 48 -

FI
G

U
R

E
A

7-
3

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
T

TE
=

3
“P

hi
lip

M
or

ri
s

Ex
tr

a”
Pl

ot
of

N
FD

PM
(m

g/
ci

g)
vs

.O
R

D
E

R
.

Sy
m

bo
li

s
va

lu
e

of
L

A
B



- 49 -

FI
G

U
R

E
A

7-
4

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
TT

E
=

4
“S

ta
te

Ex
pr

es
s

“5
55

”
Sp

ec
ia

lM
ild

”
Pl

ot
of

N
FD

PM
(m

g/
ci

g)
vs

.O
R

D
E

R
.

Sy
m

bo
li

s
va

lu
e

of
L

A
B



- 50 -

FI
G

U
R

E
A

7-
5

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
T

TE
=

5
“P

ri
nc

e”
Pl

ot
of

N
F

D
P

M
(m

g/
ci

g)
vs

.O
R

D
E

R
.

S
ym

bo
li

s
va

lu
e

of
L

A
B



- 51 -

FI
G

U
R

E
A

7-
6

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
T

TE
=

6
“P

et
er

St
uy

ve
sa

nt
”

Pl
ot

of
N

FD
PM

(m
g/

ci
g)

vs
.O

R
D

E
R

.
Sy

m
bo

li
s

va
lu

e
of

L
A

B



- 52 -

FI
G

U
R

E
A

7-
7

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
TT

E
=

7
“N

ow
(U

nl
it)

”
Pl

ot
of

N
FD

PM
(m

g/
ci

g)
vs

.O
R

D
E

R
.

Sy
m

bo
li

s
va

lu
e

of
L

A
B







- 55 -

FI
G

U
R

E
A

7-
10

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
T

TE
=

1
“N

ow
”

Pl
ot

of
N

IC
O

TI
N

E
(m

g/
ci

g)
vs

.O
R

D
E

R
.

Sy
m

bo
li

s
va

lu
e

of
L

A
B



- 56 -

FI
G

U
R

E
A

7-
11

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

ET
T

E
=

2
“R

1”
Pl

ot
of

N
IC

O
TI

N
E

(m
g/

ci
g)

vs
.O

R
D

ER
.

Sy
m

bo
li

s
va

lu
e

of
LA

B



- 57 -

FI
G

U
R

E
A

7-
12

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
T

TE
=

3
“P

hi
lip

M
or

ri
s

Ex
tr

a”
Pl

ot
of

N
IC

O
TI

N
E

(m
g/

ci
g)

vs
.O

R
D

E
R

.
Sy

m
bo

li
s

va
lu

e
of

L
A

B



- 58 -

FI
G

U
R

E
A

7-
13

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
TT

E
=

4
“S

ta
te

Ex
pr

es
s

“5
55

”
Sp

ec
ia

lM
ild

”
Pl

ot
of

N
IC

O
TI

N
E

(m
g/

ci
g)

vs
.O

R
D

E
R

.
Sy

m
bo

li
s

va
lu

e
of

L
A

B



- 59 -

FI
G

U
R

E
A

7-
14

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
TT

E
=

5
“P

ri
nc

e”
Pl

ot
of

N
IC

O
TI

N
E

(m
g/

ci
g)

vs
.O

R
D

E
R

.
Sy

m
bo

li
s

va
lu

e
of

L
A

B



- 60 -

FI
G

U
R

E
A

7-
15

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
T

TE
=

6
“P

et
er

St
uy

ve
sa

nt
”

Pl
ot

of
N

IC
O

TI
N

E
(m

g/
ci

g)
vs

.O
R

D
E

R
.

Sy
m

bo
li

s
va

lu
e

of
L

A
B



- 61 -

FI
G

U
R

E
A

7-
16

C
ol

la
bo

ra
tiv

e
St

ud
y

of
M

ai
ns

tr
ea

m
Sm

ok
in

g
M

et
ho

d
(H

A
R

2)
Pl

ot
of

R
aw

D
at

a
in

O
rd

er
of

In
cr

ea
si

ng
L

ab
A

ve
ra

ge
s

C
IG

A
R

E
TT

E
=

7
“N

ow
(U

nl
it)

”
Pl

ot
of

N
IC

O
T

IN
E

(m
g/

ci
g)

vs
.O

R
D

E
R

.
Sy

m
bo

li
s

va
lu

e
of

L
A

B



- 62 -

FIGURE A7-17

NICOTINE REPEATABILITY

y = (a + bx)
a = 0.03638 b = 0.05140

Coeff. of determination = 0.984

It is both statistically and scientifically incorrect to extrapolate the functional relationship shown above
beyond the range of the data from which it was derived. However, it is recognised that in practice
such an extrapolation may on occasion be required. The dotted lines shown above may be taken as an
approximate guide to the type of extrapolation that may be used.
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FIGURE A7-18

NICOTINE REPRODUCIBILITY

y = sqrt(a + bx2)
a = 0.00479 b = 0.01733

Coeff. of determination = 0.984

It is both statistically and scientifically incorrect to extrapolate the functional relationship shown above
beyond the range of the data from which it was derived. However, it is recognised that in practice
such an extrapolation may on occasion be required. The dotted lines shown above may be taken as an
approximate guide to the type of extrapolation that may be used.
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FIGURE A7-26

WATER REPEATABILITY

y = (a + bx)
a = 0.17674 b = 0.23259

Coeff. of determination = 0.993

It is both statistically and scientifically incorrect to extrapolate the functional relationship shown above
beyond the range of the data from which it was derived. However, it is recognised that in practice
such an extrapolation may on occasion be required. The dotted lines shown above may be taken as an
approximate guide to the type of extrapolation that may be used.
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FIGURE A7-27

WATER REPRODUCIBILITY

y = (a + bx)
a = 0.24599 b = 0.45031

Coeff. of determination = 0.995

It is both statistically and scientifically incorrect to extrapolate the functional relationship shown above
beyond the range of the data from which it was derived. However, it is recognised that in practice
such an extrapolation may on occasion be required. The dotted lines shown above may be taken as an
approximate guide to the type of extrapolation that may be used.
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TABLE A7-17

CIGARETTE A : “Now”

LAB TPM MEAN, SD WATER MEAN, SD TNA MEAN, SD NFDPM MEAN, SD

8-port linear machines

1 0.618 0.160 -0.0922 0.0923 0.0498 0.0134 0.547 0.177
3 0.693 0.177 0.0624 0.0191 0.0896 0.0015 0.695 0.120
4 0.940 0.273 0.4082 0.1652 0.1020 0.0099 0.775 0.250
6 1.198 0.174 0.1374 0.0562 0.1368 0.0098 0.653 0.182
8 0.491 0.203 0.7964 0.3372 0.0692 0.0204 0.284 0.149
20 1.406 0.337 0.0200 0.0326 0.0070 0.0157 1.392 0.344
24 1.658 0.416 0.0070 0.0157 0.0862 0.0217 0.775 0.108

MIN 0.491 0.160 -0.0922 0.0157 0.0070 0.0015 0.284 0.108
MAX 1.658 0.416 0.7964 0.3372 0.1368 0.0217 1.392 0.344

MEAN 1.001 0.264 0.1913 0.1485 0.0772 0.0147 0.731 0.205

20-port machines

1 1.175 0.125 0.0800 0.0647 0.0894 0.0607 1.006 0.178
2 1.120 0.130 0.0818 0.0655 0.0534 0.0256 0.984 0.110
5 0.812 0.056 0.2518 0.0626 0.1288 0.0143 0.432 0.060
7 0.949 0.096 0.2454 0.0611 0.0676 0.0075 0.636 0.157
9 0.796 0.106 0.2002 0.1933 0.0918 0.0059 0.503 0.144
10 0.877 0.108 0.0444 0.0571 0.0440 0.0277 0.792 0.142
11 0.977 0.115 0.0372 0.0666 0.0900 0.0144 0.849 0.106
13 1.413 0.041 0.1970 0.0506 0.1084 0.0030 1.107 0.035
20 1.012 0.215 0.0384 0.0225 0.0482 0.0308 0.925 0.184
21 1.054 0.073 0.0806 0.0644 0.0920 0.0079 0.880 0.110
22 0.983 0.126 0.1678 0.0718 0.0982 0.0082 0.717 0.080
23 1.320 0.092 0.1630 0.1006 0.1070 0.0119 1.049 0.161
25 1.222 0.237 0.0662 0.0322 0.1034 0.0152 1.052 0.250
26 1.120 0.137 0.0304 0.0279 0.1036 0.0061 0.986 0.165
27 1.040 0.100 0.1022 0.0370 0.0862 0.0079 0.851 0.114
28 1.081 0.050 0.0296 0.0165 0.1098 0.0119 0.941 0.065

MIN 0.796 0.041 0.0296 0.0165 0.0440 0.0030 0.432 0.035
MAX 1.413 0.237 0.2518 0.1933 0.1288 0.0607 1.107 0.250

MEAN 1.059 0.124 0.1135 0.0738 0.0889 0.0214 0.857 0.139

20-port rotary machines

12 0.938 0.031 0.1200 0.0442 0.1120 0.0060 0.706 0.062
14 1.098 0.036 0.1040 0.0477 0.0898 0.0033 0.904 0.051
15 1.180 0.045 0.2060 0.0918 0.1062 0.0096 0.868 0.057
16 1.150 0.209 0.1500 0.0354 0.1066 0.0111 0.893 0.238
17 1.080 0.027 0.1000 0.0561 0.0884 0.0026 0.892 0.059
18 1.316 0.430 0.4720 0.2149 0.1040 0.0114 0.740 0.582
19 1.214 0.059 0.0640 0.0602 0.1080 0.0085 1.042 0.069

MIN 0.938 0.027 0.0640 0.0354 0.0884 0.0026 0.706 0.051
MAX 1.316 0.430 0.4720 0.2149 0.1120 0.0114 1.042 0.582

MEAN 1.139 0.184 0.1737 0.0977 0.1021 0.0082 0.864 0.243

All machines

MEAN 1.064 0.180 0.1457 0.1014 0.0392 0.0176 0.829 0.184
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TABLE A7-18

CIGARETTE B : “R1”

LAB TPM MEAN, SD WATER MEAN, SD TNA MEAN, SD NFDPM MEAN, SD

8-port machines

1 1.675 0.102 -0.0164 0.1413 0.1466 0.0291 1.448 0.119
3 1.617 0.092 0.0914 0.0323 0.1750 0.0049 1.458 0.201
4 1.845 0.315 0.3962 0.1425 0.2110 0.0099 1.542 0.306
6 2.383 0.939 0.0796 0.0447 0.2432 0.0558 1.743 0.981
8 1.545 0.121 0.7230 0.0459 0.1630 0.0259 1.302 0.130

20 2.316 0.333 0.0800 0.0622 0.1394 0.0132 2.140 0.304
24 2.383 0.106 0.0368 0.0398 0.1764 0.0156 1.483 0.106

MIN 1.545 0.092 -0.0164 0.0323 0.1394 0.0049 1.302 0.106
MAX 2.383 0.939 0.7230 0.1425 0.2432 0.0558 2.140 0.981

MEAN 1.966 0.403 0.1987 0.0852 0.1792 0.0272 1.588 0.419

20-port machines

1 2.140 0.193 0.1000 0.1381 0.1480 0.0282 1.891 0.246
2 1.752 0.103 0.2290 0.0893 0.1234 0.0295 1.399 0.155
5 1.889 0.224 0.2698 0.0611 0.2000 0.0119 1.419 0.192
7 1.715 0.184 0.3154 0.0851 0.1404 0.0149 1.258 0.231
9 1.746 0.052 0.1896 0.1488 0.1880 0.0092 1.368 0.189

10 1.881 0.189 0.1244 0.0668 0.1452 0.0323 1.611 0.162
11 1.871 0.083 0.0324 0.0509 0.1856 0.0067 1.652 0.100
13 2.797 0.242 0.2722 0.0464 0.2356 0.0146 2.288 0.231
20 2.413 0.301 0.1142 0.0543 0.1768 0.0114 2.122 0.245
21 2.035 0.210 0.1192 0.0307 0.1796 0.0068 1.736 0.241
22 2.103 0.059 0.1764 0.1082 0.1936 0.0101 1.732 0.110
23 2.086 0.129 0.3258 0.1484 0.1998 0.0136 1.560 0.257
25 2.235 0.154 0.1088 0.0760 0.2028 0.0130 1.923 0.178
26 2.080 0.070 0.0962 0.0590 0.1988 0.0066 1.784 0.113
27 2.083 0.156 0.1462 0.0407 0.1892 0.0130 1.747 0.107
28 1.934 0.127 0.0392 0.0230 0.1818 0.0139 1.712 0.125

MIN 1.715 0.052 0.0324 0.0230 0.1234 0.0066 1.258 0.100
MAX 2.797 0.301 0.3258 0.1488 0.2356 0.0323 2.288 0.257

MEAN 2.048 0.170 0.1662 0.0860 0.1805 0.0167 1.700 0.188

20-port rotary machines

12 1.870 0.111 0.1520 0.0249 0.1888 0.0320 1.529 0.065
14 2.260 0.065 0.2800 0.0224 0.1876 0.0154 1.792 0.047
15 2.100 0.079 0.3260 0.0518 0.1892 0.0126 1.585 0.076
16 1.920 0.233 0.1900 0.0962 0.1746 0.0131 1.555 0.214
17 1.780 0.172 0.1860 0.0351 0.1624 0.0109 1.432 0.152
18 1.870 0.167 0.3640 0.1579 0.1820 0.0148 1.324 0.285
19 2.026 0.120 0.1140 0.0550 0.1928 0.0063 1.719 0.124

MIN 1.780 0.065 0.1140 0.0224 0.1624 0.0063 1.324 0.047
MAX 2.260 0.233 0.3640 0.1579 0.1928 0.0320 1.792 0.285

MEAN 1.975 0.146 0.2303 0.0776 0.1825 0.0168 1.562 0.159

All machines

MEAN 2.012 0.241 0.1887 0.0840 0.1807 0.0197 1.642 0.257
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TABLE A7-19

CIGARETTE C : “Philip Morris Extra”

LAB TPM MEAN, SD WATER MEAN, SD TNA MEAN, SD NFDPM MEAN, SD

8-port machines

1 3.350 0.252 0.2054 0.1138 0.2516 0.0259 2.978 0.229
3 3.757 0.124 0.2602 0.0356 0.3222 0.0091 3.229 0.174
4 4,210 0.292 0.5846 0.2332 0.3730 0.0283 3.576 0.271
6 4.271 0.102 0.2602 0.0228 0.3852 0.0174 3.300 0.174
8 3.224 0.169 0.9354 0.1022 0.3174 0.0115 2.646 0.178

20 4.457 0.760 0.1200 0.0798 0.2662 0.0206 4.052 0.670
24 4.101 0.155 0.1376 0.0832 0.3168 0.0111 2.849 0.097

MIN 3.224 0.102 0.1200 0.0228 0.2516 0.0091 2.646 0.097
MAX 4.457 0.760 0.9354 0.2332 0.3852 0.0283 4.052 0.670

MEAN 3.910 0.339 0.3576 0.1152 0.3189 0.0190 3.233 0.311

20-port machines

1 4.190 0.108 0.2900 0.1399 0.2626 0.0757 3.637 0.114
2 3.929 0.089 0.3276 0.0972 0.3060 0.0175 3.295 0.068
5 3.811 0.183 0.5468 0.1789 0.3444 0.0290 2.920 0.104
7 3.963 0.149 0.5418 0.0858 0.2938 0.0175 3.127 0.077
9 3.508 0.132 0.3100 0.1784 0.3224 0.0090 2.875 0.211

10 3.615 0.208 0.2984 0.0907 0.2822 0.0170 3.034 0.256
11 3.939 0.206 0.2432 0.0440 0.3326 0.0092 3.363 0.178
13 5.168 0.169 0.5302 0.0354 0.3774 0.0093 4.260 0.146
20 4.389 0.220 0.3226 0.0373 0.3184 0.0110 3.747 0.181
21 4.252 0.212 0.3724 0.1486 0.3298 0.0203 3.549 0.051
22 4.000 0.161 0.4058 0.1086 0.3322 0.0135 3.261 0.217
23 4.411 0.120 0.4376 0.0952 0.3876 0.0632 3.586 0.188
25 4.135 0.060 0.2862 0.0374 0.3406 0.0129 3.507 0.067
26 4.163 0.219 0.1798 0.1535 0.3522 0.0107 3.630 0.362
27 4.263 0.092 0.3804 0.0371 0.3304 0.0184 3.552 0.072
28 4.552 0.177 0.2822 0.1951 0.3770 0.0365 3.892 0.261

MIN 3.508 0.060 0.1798 0.0354 0.2626 0.0090 2.875 0.051
MAX 5.168 0.220 0.5468 0.1951 0.3876 0.0757 4.260 0.362

MEAN 4.143 0.164 0.3597 0.1174 0.3306 0.0300 3.452 0.181

20-port rotary machines

12 3.784 0.052 0.4040 0.0792 0.3042 0.0241 3.076 0.102
14 4.476 0.195 0.5060 0.0888 0.3556 0.0098 3.614 0.123
15 4.110 0.129 0.5060 0.1623 0.3238 0.0087 3.280 0.090
16 4.070 0.125 0.4600 0.0224 0.3098 0.0179 3.300 0.151
17 3.780 0.164 0.3700 0.0447 0.2984 0.0125 3.112 0.119
18 4.040 0.506 0.6040 0.1965 0.3320 0.0335 3.104 0.342
19 4.234 0.201 0.4400 0.0453 0.3476 0.0053 3.446 0.203

MIN 3.780 0.052 0.3700 0.0224 0.2984 0.0053 3.076 0.090
MAX 4.476 0.506 0.6040 0.1965 0.3556 0.0335 3.614 0.342

MEAN 4.072 0.2.38 0.4700 0.1093 0.3264 0.0184 3.360 0.181

All machines

MEAN 4.072 0.233 0.3849 0.1150 0.3264 0.0254 3.360 0.218
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TABLE A7-20

CIGARETTE D : “State Express “555” Special Mild”

LAB TPM MEAN, SD WATER MEAN, SD TNA MEAN, SD NFDPM MEAN, SD

8-port machines

1 9.320 1.294 0.8924 0.1299 0.5862 0.0600 8.179 1.009
3 9.440 0.435 0.7088 0.1174 0.6508 0.0196 7.897 0.316
4 9.479 0.614 1.0972 0.1223 0.7738 0.0395 7.996 0.492
6 9.704 0.367 0.5740 0.1700 0.7398 0.0148 7.867 0.331
8 7.937 1.022 1.5580 0.1333 0.6218 0.0851 6.741 0.827

20 9.778 0.596 0.5550 0.2570 0.5784 0.0212 8.303 0.631
24 8.622 0.228 0.8962 0.1072 0.6850 0.0210 6.379 0.127

MIN 7.937 0.228 0.5550 0.1072 0.5734 0.0148 6.379 0.127
MAX 9.778 1.294 1.5580 0.2570 0.7738 0.0851 8.303 1.009

MEAN 9.183 0.740 0.8974 0.1558 0.6623 0.0446 7.623 0.606

20-port machines

1 9.440 0.289 0.7400 0.2198 0.5822 0.0935 8.117 0.169
2 8.848 0.476 0.7952 0.1185 0.6526 0.0433 7.400 0.348
5 9.092 0.435 0.9312 0.3005 0.7188 0.0268 7.441 0.366
7 9.132 0.260 1.1588 0.2082 0.5994 0.0321 7.373 0.165
9 8.867 0.257 0.7558 0.1396 0.6926 0.0227 7.418 0.255

10 8.624 0.349 0.6434 0.0841 0.7066 0.0284 7.257 0.349
11 9.240 0.615 0.7234 0.2017 0.7010 0.0400 7.815 0.406
13 11.737 0.292 1.4236 0.1382 0.7590 0.0274 9.554 0.148
20 10.665 0.385 1.4068 0.2493 0.6502 0.0186 8.608 0.211
21 9.891 0.339 1.0314 0.1959 0.6688 0.0116 8.191 0.207
22 8.717 0.586 1.2474 0.3852 0.6450 0.0344 6.824 0.311
23 9.706 0.407 1.2874 0.1169 0.6672 0.0209 7.751 0.361
25 10.010 0.292 0.8362 0.1719 0.7224 0.0130 8.450 0.176
26 9.403 0.269 0.8338 0.1696 0.7044 0.0356 7.865 0.194
27 9.669 0.401 0.9448 0.0187 0.6824 0.0413 8.041 0.358
28 9.234 0.405 0.7932 0.1615 0.6842 0.0306 7.756 0.267

MIN 8.624 0.257 0.6434 0.0187 0.5822 0.0116 6.824 0.148
MAX 11.737 0.615 1.4236 0.3852 0.7590 0.0935 9.554 0.406

MEAN 9.517 0.393 0.9720 0.1984 0.677 0.0373 7.866 0.281

20-port rotary machines

12 9.426 0.193 1.1440 0.0981 0.6664 0.0264 7.616 0.156
14 9.668 0.462 1.1880 0.1264 0.6832 0.0309 7.797 0.421
15 9.610 0.124 1.3780 0.1379 0.6696 0.0129 7.562 0.172
16 10.100 0.245 1.2300 0.0975 0.6564 0.0289 8.214 0.156
17 9.310 0.216 1.0940 0.0750 0.6548 0.0150 7.561 0.230
18 9.226 0.527 1.3480 0.1481 0.6200 0.0122 7.258 0.405
19 9.820 0.274 1.1340 0.1163 0.6924 0.0281 7.994 0.200

MIN 9.226 0.124 1.0940 0.0750 0.6200 0.0122 7.258 0.156
MAX 10.100 0.527 1.3780 0.1481 0.6924 0.0309 8.214 0.421

MEAN 9.594 0.322 1.2166 0.1166 0.6633 0.0234 7.714 0.270

All machines

MEAN 9.457 0.484 1.0117 0.1727 0.6705 0.0365 7.774 0.381
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TABLE A7-21

CIGARETTE E : “Prince”

LAB TPM MEAN, SD WATER MEAN, SD TNA MEAN, SD NFDPM MEAN, SD

8-port machines

1 20.755 0.376 3.2672 0.1601 1.2664 0.0362 17.279 0.172
3 22.825 0.311 2.7470 0.2264 1.3106 0.0558 18.247 0.291
4 21.827 0.570 2.8518 0.2655 1.6016 0.0658 17.478 0.332
6 22.481 0.619 2.0846 0.3096 1.5666 0.0352 18.062 0.371
8 19.561 0.977 3.7920 0.2570 1.3646 0.0619 16.111 0.671

20 21.770 0.672 2.2100 0.2205 1.3002 0.0491 17.275 0.432
24 21.347 0.521 3.1942 0.2737 1.5112 0.0081 16.044 0.452

MIN 19.561 0.311 2.0846 0.1601 1.2664 0.0081 16.044 0.172
MAX 22.825 0.977 3.7920 0.3096 1.6016 0.0658 18.247 0.671

MEAN 21.509 0.612 2.8781 0.2487 1.4173 0.0482 17.214 0.415

20-port machines

1 22.320 0.184 2.7600 0.1342 1.3628 0.0331 18.197 0.093
2 22.046 0.567 3.3162 0.3042 1.4520 0.0442 17.277 0.314
5 21.472 1.210 2.6214 0.8947 1.4406 0.0274 17.410 0.397
7 21.918 0.789 3.5718 0.4045 1.3596 0.0505 16.986 0.376
9 20.975 0.676 2.2678 0.1396 1.4784 0.0383 17.228 0.523

10 20.662 1.458 2.3898 0.5538 1.5102 0.0536 16.762 0.920
11 21.513 0.185 2.6868 0.2122 1.5082 0.0360 17.317 0.216
13 26.803 0.451 4.4462 0.2488 1.5806 0.0326 20.776 0.275
20 23.737 1.124 4.2674 0.5923 1.3852 0.0437 18.084 0.556
21 22.529 0.792 3.6106 0.4533 1.3712 0.0244 17.547 0.357
22 20.274 0.919 3.8542 0.3667 1.3312 0.0506 15.088 0.943
23 23.106 0.590 3.9508 0.3597 1.3908 0.0261 17.764 0.529
25 22.307 0.271 2.9924 0.1865 1.4686 0.0238 17.845 0.213
26 22.785 1.197 3.4170 0.5235 1.4884 0.0374 17.879 0.737
27 23.054 0.751 3.4732 0.3298 1.4144 0.0425 18.166 0.508
28 22.477 0.487 3.1252 0.2990 1.4362 0.0193 17.915 0.381

MIN 20.274 0.184 2.2678 0.1342 1.3312 0.0193 15.088 0.093
MAX 26.803 1.458 4.4462 0.5923 1.5806 0.0536 20.776 0.943

MEAN 22.374 0.816 3.2969 0.4209 1.4361 0.0379 17.640 0.515

20-port rotary machines

12 21.902 0.235 3.2900 0.1391 1.4002 0.0188 17.212 0.295
14 21.618 0.311 3.1720 0.1071 1.3846 0.0327 17.061 0.272
15 22.740 0.448 3.8700 0.1844 1.4012 0.0322 17.469 0.327
16 21.970 0.555 3.4600 0.2043 1.3474 0.0369 17.163 0.442
17 20.910 0.309 3.0760 0.1778 1.3890 0.0235 16.445 0.293
18 21.534 0.456 3.3920 0.4951 1.3140 0.0167 16.828 0.545
19 22.240 0.455 3.2400 0.2029 1.4286 0.0493 17.571 0.325

MIN 20.910 0.235 3.0760 0.1071 1.3140 0.0167 16.445 0.272
MAX 22.740 0.555 3.8700 0.4951 1.4286 0.0493 17.571 0.545

MEAN 21.845 0.409 3.3571 0.2462 1.3807 0.0318 17.107 0.369

All machines

MEAN 22.049 0.694 3.2133 0.3508 1.4188 0.0393 17.416 0.462



- 78 -

TABLE A7-22

CIGARETTE F : “Peter Stuyvesant”

LAB TPM MEAN, SD WATER MEAN, SD TNA MEAN, SD NFDPM MEAN, SD

8-port machines

1 14.025 0.607 1.5052 0.1845 0.7318 0.0308 12.428 0.579
3 15.324 0.655 1.3504 0.1813 0.7928 0.0490 13.025 0.452
4 15.460 0.826 1.5496 0.2030 0.9586 0.0226 13.150 0.638
6 15.195 0.439 1.0518 0.1423 0.8788 0.0287 12.766 0.323
8 14.221 1.362 2.0480 0.1247 0.7974 0.0786 12.372 1.173

20 15.131 0.518 0.8650 0.1876 0.8168 0.0717 12.818 0.506
24 14.501 0.509 1.4958 0.1903 0.9134 0.0238 11.539 0.375

MIN 14.025 0.439 0.8650 0.1247 0.7318 0.0226 11.539 0.323
MAX 15.460 1.362 2.0480 0.2030 0.9586 0.0786 13.150 1.173

MEAN 14.837 0.761 1.4094 0.1754 0.8414 0.0487 12.585 0.635

20-port machines

1 14.885 0.141 1.1600 0.2309 0.7566 0.0996 12.968 0.244
2 14.705 0.410 1.4764 0.1722 0.8362 0.0414 12.392 0.271
5 15.174 0.533 1.5580 0.4130 0.8882 0.0305 12.727 0.164
7 15.042 0.655 1.8868 0.2189 0.7840 0.0350 12.370 0.462
9 14.041 0.405 0.9792 0.1722 0.8422 0.0163 12.219 0.256

10 15.068 0.353 1.3918 0.2642 0.9300 0.0103 12.860 0.239
11 15.689 0.363 1.5022 0.1742 0.8822 0.0290 13.304 0.289
13 -- -- -- -- -- -- -- --
20 16.294 0.740 2.2002 0.3172 0.8412 0.0191 13.252 0.507
21 15.025 0.472 1.5960 0.2137 0.8022 0.0083 12.626 0.261
22 14.011 0.782 1.9290 0.2269 0.8228 0.0418 11.258 0.768
23 15.452 0.476 1.9078 0.2245 0.8808 0.1158 12.663 0.261
25 15.314 0.397 1.4092 0.0491 0.8634 0.0259 13.041 0.388
26 15.635 1.652 1.6162 0.5968 0.8680 0.0505 13.150 1.047
27 16.055 0.335 1.6672 0.1632 0.8444 0.0249 13.542 0.236
28 15.505 0.261 1.4834 0.1504 0.8466 0.0241 13.174 0.301

MIN 14.011 0.141 0.9792 0.0491 0.7566 0.0083 11.258 0.164
MAX 16.294 1.652 2.2002 0.5968 0.9300 0.1158 13.542 1.047

MEAN 15.193 0.632 1.5842 0.2692 0.8459 0.0483 12.770 0.444

20-port rotary machines

12 14.914 0.323 1.7320 0.2139 0.8208 0.0236 12.361 0.154
14 14.782 0.319 1.6620 0.1731 0.8130 0.0169 12.307 0.153
15 15.630 0.557 2.1920 0.1521 0.8214 0.0193 12.617 0.472
16 14.940 0.405 1.7000 0.1369 0.7636 0.0159 12.476 0.353
17 14.680 0.280 1.7260 0.2104 0.7892 0.0082 12.165 0.236
18 15.196 0.552 2.0940 0.3612 0.7680 0.0277 12.334 0.212
19 15.560 0.573 1.8880 0.2679 0.8418 0.0246 12.830 0.395

MIN 14.680 0.280 1.6620 0.1369 0.7636 0.0082 12.165 0.153
MAX 15.630 0.573 2.1920 0.3612 0.8418 0.0277 12.830 0.472

MEAN 15.100 0.446 1.8563 0.2281 0.8025 0.0204 12.441 0.305

All machines

MEAN 15.085 0.628 1.6077 0.2397 0.8344 0.0434 12.646 0.471
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TABLE A7-23

CIGARETTE G : “Now (Unlit)”

LAB TPM MEAN, SD WATER MEAN, SD TNA MEAN, SD NFDPM MEAN, SD

8-port machines

1 -0.313 0.048 -0.1078 0.0611 0.0088 0.0103 -0.409 0.056
3 -0.357 0.066 0.0106 0.0405 0.0000 0.0000 -0.249 0.075
4 -0.141 0.106 0.2918 0.1363 0.0000 0.0000 -0.152 0.093
6 0.567 0.273 0.0508 0.1055 0.0000 0.0000 0.275 0.136
8 0.000 0.000 0.0043 0.0219 0.0000 0.0000 -0.051 0.106

20 0.918 0.364 0.0875 0.0250 0.0000 0.0000 0.916 0.365
24 -0.137 0.029 0.0014 0.0031 0.0000 0.0000 -0.142 0.048

MIN -0.357 0.000 -0.1078 0.0031 0.0000 0.0000 -0.409 0.048
MAX 0.918 0.364 0.2918 0.1363 0.0088 0.0103 0.916 0.365

MEAN 0.088 0.182 0.0473 0.0731 0.0010 0.0034 0.040 0.164

20-port machines

1 0.145 0.099 0.0500 0.0707 0.0224 0.0326 0.072 0.118
2 0.020 0.025 0.0110 0.0246 0.0000 0.0000 0.009 0.042
5 0.327 0.149 0.3270 0.1487 0.0000 0.0000 0.000 0.000
7 -0.174 0.078 0.1974 0.0946 0.0006 0.0013 -0.372 0.164
9 -0.195 0.079 0.1134 0.0631 0.0000 0.0000 -0.308 0.108

10 -0.164 0.056 0.0654 0.1143 0.0000 0.0000 -0.229 0.137
11 -0.086 0.055 -0.0520 0.0745 0.0000 0.0000 -0.034 0.062
13 0.000 0.000 0.0948 0.0826 0.0000 0.0000 -0.095 0.083
20 -0.076 0.218 0.0148 0.0165 0.0000 0.0000 -0.091 0.211
21 -0.070 0.047 0.0738 0.0458 0.0000 0.0000 -0.144 0.074
22 -0.049 0.066 0.0352 0.0330 0.0138 0.0129 -0.099 0.097
23 -0.025 0.063 0.1282 0.2262 0.0100 0.0173 -0.163 0.284
25 0.073 0.068 0.0358 0.0566 0.0000 0.0000 0.037 0.109
26 -0.076 0.094 0.0000 0.0000 0.0000 0.0000 -0.076 0.094
27 -0.081 0.038 0.0344 0.0307 0.0000 0.0000 -0.115 0.051
28 -0.159 0.060 0.0170 0.0366 0.0000 0.0000 -0.176 0.025

MIN -0.195 0.000 -0.0520 0.0000 0.0000 0.0000 -0.372 0.000
MAX 0.327 0.218 0.3270 0.2262 0.0224 0.0326 0.072 0.284

MEAN -0.037 0.089 0.0716 0.0888 0.0029 0.0098 -0.112 0.124

20-port rotary machines

12 -0.040 0.042 -0.0220 0.0164 0.0000 0.0000 -0.018 0.031
14 -0.022 0.013 0.2280 0.2472 0.0000 0.0000 -0.250 0.244
15 0.000 0.000 0.0160 0.1776 0.0046 0.0063 -0.021 0.177
16 -0.020 0.091 0.0500 0.0354 0.0000 0.0000 -0.070 0.125
17 -0.140 0.065 0.0260 0.0358 0.0000 0.0000 -0.166 0.049
18 -0.056 0.073 0.3880 0.1436 0.0060 0.0089 -0.450 0.207
19 -0.074 0.118 -0.0260 0.0422 0.0000 0.0000 -0.048 0.118

MIN -0.074 0.000 -0.0260 0.0164 0.0000 0.0000 -0.450 0.031
MAX 0.000 0.118 0.3880 0.2472 0.0060 0.0089 -0.018 0.244

MEAN -0.050 0.069 0.0943 0.1298 0.0015 0.0041 -0.146 0.154

All machines

MEAN -0.011 0.114 0.0714 0.0970 0.0022 0.0076 -0.085 0.142
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TABLE A7-24

CIGARETTE M : “Monitor”

LAB TPM MEAN, SD WATER MEAN, SD TNA MEAN, SD NFDPM MEAN, SD

8-port machines

1 19.700 0.914 3.4254 0.5020 1.0532 0.0303 16.316 0.659
3 20.829 0.564 2.2458 0.2438 1.0888 0.0621 16.314 0.367
4 17.341 0.508 1.3458 0.2079 1.1476 0.0329 13.947 0.273
6 17.244 0.369 2.9472 0.3481 1.0398 0.0259 14.858 0.453
8 21.244 1.120 4.2008 0.2169 1.2002 0.0578 17.095 0.946
20 19.802 0.371 2.3300 0.3285 1.1732 0.0328 15.399 0.227
24 21.187 0.549 3.2298 0.2969 1.2740 0.0170 15.712 0.429

20-port machines

1 21.230 0.366 3.0200 0.3620 1.1348 0.0880 17.063 0.196
2 13.978 0.307 2.0418 0.3345 0.7826 0.0434 11.153 0.205
5 20.951 1.566 3.4042 1.0111 1.1948 0.0219 16.351 0.566
7 19.688 1.080 3.6294 0.4281 1.0048 0.1028 15.053 0.560
9 13.985 0.215 1.0842 0.2757 0.8936 0.0124 12.006 0.121
10 20.580 0.490 2.0670 0.2217 1.5276 0.0502 17.004 0.490
11 20.556 0.842 2.9886 0.3266 1.3598 0.0548 16.207 0.484
13 -- -- -- -- -- -- -- --
20 22.488 0.728 4.5238 0.3490 1.2744 0.0927 16.689 0.557
21 16.319 0.723 2.3004 0.4345 1.0522 0.0058 12.966 0.297
22 11.072 0.730 1.5126 0.3648 1.0398 0.0701 8.519 0.522
23 10.698 0.306 1.2908 0.0731 0.7798 0.0246 8.627 0.291
25 21.265 0.392 3.0952 0.2051 1.2346 0.0251 16.935 0.204
26 20.128 0.531 2.8168 0.2867 1.1656 0.0230 16.145 0.325
27 22.381 0.132 3.9780 0.1773 1.2054 0.0229 17.197 0.103
28 20.953 0.580 3.1966 0.2562 1.1470 0.0288 16.608 0.497

20-port rotary machines

12 19.966 0.740 3.2740 0.3877 1.1292 0.0489 15.563 0.349
14 21.680 0.358 3.7980 0.2929 1.1528 0.0302 16.729 0.193
15 19.920 0.448 3.3440 0.3369 0.9846 0.0170 15.591 0.152
16 21.150 0.357 3.6300 0.1440 1.0992 0.0179 16.421 0.263
17 20.730 0.254 3.6860 0.1635 1.1350 0.0260 15.909 0.178
18 19.542 0.656 3.2520 0.2963 1.0360 0.0472 15.254 0.413
19 20.748 0.397 3.6340 0.2103 1.1714 0.0344 15.943 0.252
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APPENDIX 8

ISO/DIS 5725 PART 1 : GENERAL PRINCIPLES AND DEFINITIONS

SECTION ONE : GENERAL

0. Introduction

0.1. This international standard uses two terms "trueness" and "precision" to describe the accuracy
of a measurement method "trueness" refers to the closeness of agreement between the average value of
a large number of test results and the true or accepted reference value. "Precision" refers to the
closeness of agreement between test results.

0.2. The need to consider "precision" arises because tests performed on presumably identical
materials in presumably identical circumstances do not, in general, yield identical results. This is
attributed to unavoidable random errors inherent in every test procedure ; the factors that influence the
outcome of a test cannot all be completely controlled. In the practical interpretation of test data this
variability has to be taken into account. For instance, the difference between a test result and some
specified value may be within the scope of unavoidable random errors, in which case a real deviation
from such a specified value has not been established. Similarly, comparing test results from two
batches of material will not indicate a fundamental quality difference if the difference between them
can be attributed to the inherent variation in the test procedure.

0.3. Many factors (apart from variation between supposedly identical specimens) may contribute
to the variability of results from a measurement method, including :
a) the operator ;

b) the equipment used ;

c) the calibration of the equipment ;
d) the environment (temperature, humidity, air pollution, etc.) ;

e) the elapsed time between measurements.

The variability between tests performed by different operators and/or with different equipment will
usually be greater than between tests carried out in a short interval of time by a single operator using
the same equipment.

0.4. The general term for variability between repeated test is Precision. Two measures of
precision, termed repeatability and reproducibility, have been found necessary and, for many practical
cases, useful for describing the variability of a measurement method.

Under repeatability conditions factors (a) to (e) listed above are considered constants and do not
contribute to the variability, while under reproducibility conditions they vary and do contribute to the
variability of the test results. Thus repeatability and reproducibility are the two extremes conditions of
precision, the first describing the minimum and the second the maximum variability in results. Other
intermediate conditions between the two extreme conditions of precision are also conceivable, when
one or more of factors (a) 10 (e) are allowed to vary, and are used in certain specified circumstances.

0.5. The "trueness" of a measurement method is of interest when it is possible to conceive of a true
value for the property being measured. Although, for some measurement methods, the true value
cannot be known exactly, it may be possible to have an accepted reference value for the property being
measured : for example, if suitable reference material is available, or if the accepted reference value
can be established by reference to another measurement method or by preparation of a known sample.
The trueness of the measurement method can be investigated by comparing the accepted reference
value with the level of the results given by the measurement method. Trueness is normally expressed
in terms of bias. Bias can arise, for example, in chemical analysis, if the measurement method fails to
extract all of an element, or if the presence of one element interferes with the determination of another.


