
CORESTA
ALTERNATIVE SMOKING
REGIMES TASK FORCE

FINAL REPORT

Submitted: July 12, 2006

Coordinators:
Yves Saint-Jalm
Michael F. Borgerding
Steve G. Chapman (secretary)
Walter T. Morgan (statistician)



2

Table of Contents

Background ....................................................................................................................... 3
Task Force Mandate......................................................................................................... 4
Participating Laboratories and Chronology of Task Force Meetings ......................... 4
Task Force Findings ......................................................................................................... 4

Objective #1 Findings ................................................................................................... 5
Objective #2 Status ....................................................................................................... 8

Phase 1 Study..................................................................................................................... 9
Protocol .......................................................................................................................... 9
Statistical Analysis ...................................................................................................... 10
Discussion of Results................................................................................................... 13

Establish Viability of Participating Laboratories...................................................... 13
Evaluate Accuracy.................................................................................................... 14
Evaluate Precision..................................................................................................... 15
Develop Correlation Models..................................................................................... 16
Yield Modeling Based on Puff Volume, Filter Ventilation and Puff Interval.......... 21

Conclusion from Phase 1 Study................................................................................. 22
Phase 2 Study................................................................................................................... 23

Protocol ........................................................................................................................ 23
Statistical Analysis ...................................................................................................... 25
Discussion of Results................................................................................................... 27

Establish Viability of Participating Laboratories...................................................... 27
Evaluate Accuracy.................................................................................................... 28
Evaluate Precision..................................................................................................... 31
Develop Correlation Models..................................................................................... 32

Conclusion from Phase 2 Study................................................................................. 50
References........................................................................................................................ 51
Appendix 1. Participating Laboratories and Chronology of Task Force Meetings 56
Appendix 2. Phase 1 Study Protocol ............................................................................ 60
Appendix 3. Summary of Phase 1 Study Results: Mean Values Obtained in Each
Laboratory..................................................................................................................... 120
Appendix 4. Phase 1 Study Statistical Analysis Results ........................................... 139
Appendix 5. Phase 2 Study Protocol .......................................................................... 157
Appendix 6. Summary of Phase 2 Study Results: Mean Values Obtained in Each
Laboratory..................................................................................................................... 275
Appendix 7. Phase 2 Study Statistical Analysis Results ........................................... 307



3

Background

Since the late 1960s, a number of national and international standards (FTC, ISO, TIOJ,
DIN, CORESTA) have been developed around the world for testing cigarettes by
machine smoking to determine ‘tar1’, nicotine and carbon monoxide2 yields (1 - 21).
These test methods share a common purpose: to provide a basis for comparing
mainstream smoke yields from different cigarettes when those yields are generated with
standardized testing conditions. While the standards differ in some respects, one element
that has been common to each has been the puffing regimen (i.e., the puff volume, puff
duration and puff frequency) applied to the cigarette during machine smoking. Cigarettes
are smoked to a fixed final butt length during which the smoking machine applies a 35
cubic centimeter puff of 2 second duration once every 60 seconds. Cigarettes are smoked
as manufactured without alteration. Substantial time, effort and financial resource have
been committed by industry, government and commercial laboratories to ensure each
standard is consistently applied. When practiced according to specifications, each
individual standard has provided a reliable and robust system for the relative ranking of
cigarette smoke yields.

In the mid- to late-1990s, U.S. and Canadian authorities initiated efforts to identify one
or more machine-smoking regimens that represent the way in which people smoke
cigarettes, thus departing from the historical purpose associated with machine-based
measurements (22 - 24). Despite the technical limitations of such a concept, new
requirements for machine-smoking cigarettes have emerged in two U.S. jurisdictions,
Massachusetts and Texas (25, 26), and in Canada, both provincially in British Columbia
and federally (27 - 29). Concomitantly, new smoking machine hardware designed for
flexible application across a range of possible smoking regimens has been introduced
commercially in response to such regulations.

Recently, new regulations that require testing of numerous individual smoke constituents
reported to be associated with the risks of cigarette smoking have also been introduced in
some countries (27 - 30). More broadly, the WHO Framework Convention on Tobacco
Control mandates that Parties to the Convention will “propose guidelines for testing and
measuring the contents and emissions of tobacco products, and for the regulation of these
contents and emissions” (31). Several research studies have been reported that describe
individual smoke constituent yields for cigarettes sold in specific geographical regions
(32 - 36). A principal challenge and potential limitation of such studies is the current
lack of standardized methodology for measuring most individual smoke constituents.
Further, where analytical standards do exist, method validation through interlaboratory
collaborative study has historically focused on a single machine puffing regimen as the
intended scope of application.

1 The designations ‘tar’ and NFDPM will be used interchangeably to denote nicotine-free dry particulate
matter.
2 Carbon monoxide will frequently be referred to as CO in the text.
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Task Force Mandate

The Alternative Smoking Regimes (ASR) Task Force was established by the CORESTA
Scientific Commission in 2000. The task force was charged with developing “correlation
models for smoke yields between ISO and representative alternative smoking regimes”.
The overall charge was further divided into sub-parts: “In the first instance the models
will address ‘tar’, nicotine and CO. This will be followed by benchmarking the yields of
specified smoke constituents from international products (smoke constituents to be
specified by the Scientific Commission).”

Participating Laboratories and Chronology of Task Force Meetings

A summary of participating laboratories and principal investigators is found in Appendix
1. A chronology of the task force meetings conducted is also included in the appendix.
The task force convenors wish to acknowledge the excellent contributions of each
principal investigator and their colleagues without which the work of the task force could
not have been completed.

Task Force Findings

The ASR task force has addressed the first objective, the development of correlation
models relating ‘tar’, nicotine and CO yields between ISO and representative alternative
smoking regimes, in two study phases. In the first phase, a pilot study (ring trial) was
conducted to evaluate mainstream smoke ‘tar’, nicotine and carbon monoxide yields for a
limited number of cigarette brands sold in Europe. In the second phase, the alternative
smoking regime capabilities established by participating laboratories in the Phase 1 study
were applied to a substantially greater number of cigarette brands that represented a more
global perspective. Approximately ninety brands sold in markets around the world were
tested.

Before beginning the pilot study (ring trial) it was necessary to identify “representative
alternative smoking regimes” for investigation in the work. Experiments which alter
machine puffing parameters or artificially block cigarette ventilation holes to study the
effect on mainstream smoke yields have been conducted for many years and for many
different reasons (37 - 46). As such, the relative contribution of each puffing parameter
(i.e., puff volume, puff frequency, puff duration) and of intentional filter vent blocking to
machine-generated smoke yields is well understood. Increases in puff volume, decreases
in the time between puffs and intentional blocking of filter ventilation each produces
significant increases in mainstream smoke yield. Changes in puff duration have minimal
effect on mainstream smoke yields. However, while research studies employing
alternative smoking regimes have been conducted for many years, no consensus view
regarding an appropriate alternative smoking regime(s) is found in the scientific literature
and there has been no consistency in alternative smoking regimes recently introduced in
regulation (47).
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After considering the scope of past research studies, the capabilities of existing smoking
machine hardware and the task force objective, the ASR task force membership
developed a consensus opinion regarding smoking regimes for study. A guiding
principle during the discussion was the desire to achieve a range for three smoking
regime parameters: puff volume, puff frequency and intentional vent blocking. It was
decided that the parameters would not be varied independently, but rather in combination.
Smoking regimes identified for testing by the ASR task force are summarized in Table 1.
In addition to providing a range of puff volume settings, puff frequency settings and vent
blocking conditions, the regimes identified are currently mandated as regulatory
standards. Regime #1 is specified in the ISO standard method for machine smoking of
cigarettes, regime #2 is mandated by the Commonwealth of Massachusetts and regime #3
is required in Canada.

Table 1. Smoking Regimes Studied by the ASR Task Force

Smoking
Regime

Puff
Volume

(cc)

Puff
Frequency*

(s)

Puff
Duration

(s)

Vent
Blocking

(%) Description
1 35 60 2 0 ISO Standard
2 45 30 2 50 Massachusetts

“Average”
3 55 30 2 100 Canada

“Intense”

* Time from the start of one puff to the start of the next puff.

Objective #1 Findings. Each cigarette was tested according to the three smoking
regimes to determine NFDPM, nicotine and CO yields. Subsequently, regression
analysis employing a linear model was applied to mainstream smoke yield data from ~ 90
cigarette brands to explore the relationships between smoking regimens for NFDPM,
nicotine and CO. Key findings include:

1. A set of generally applicable functional relationships between ISO (Regime #1)
‘tar’, nicotine and CO yields and Regime #2 ‘tar’, nicotine and CO yields was
observed based on all cigarettes studied.

2. A set of generally applicable functional relationships between ISO (Regime #1)
‘tar’ and nicotine yields and Regime #3 ‘tar’ and nicotine yields was observed
based on all cigarettes studied.

3. An “adequate” functional relationship was not observed between ISO (Regime
#1) CO yields and Regime #3 CO yields based on the cigarettes studied.

4. Correlations between Regime #2 and Regime #1 smoke yields were generally
“stronger” than correlations between Regime #3 and Regime #1 smoke yields.
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(This finding is not surprising, given that Regime #3 eliminates one cigarette
design feature, i.e., filter ventilation. With one design feature eliminated, the
balance between the remaining cigarette design features (e.g., the filter, paper,
blend) is altered, in some instances substantially so.)

The quality of the functional relationships established when results for all brands studied
served as the basis for regression analysis was assessed by comparing yield values
predicted from the functional relationships with measured yield values. Findings include:

1. A difference of 3 mg, or less, was observed between Regime #2 NFDPM yields
predicted from Regime #1 yields and measured Regime #2 yields for more than
90% of the brands tested.

2. A difference of 3 mg, or less, was observed between Regime #3 NFDPM yields
predicted from Regime #1 yields and measured Regime #3 yields for
approximately 75% of the brands tested. A difference of 5 mg, or less, was
observed for more than 90% of the brands tested.

3. A difference of 0.3 mg, or less, was observed between Regime #2 nicotine yields
predicted from Regime #1 yields and measured Regime #2 yields for more than
90% of the brands tested.

4. A difference of 0.3 mg, or less, was observed between Regime #3 nicotine yields
predicted from Regime #1 yields and measured Regime #3 yields for
approximately 75% of the brands tested. A difference of 0.5 mg, or less, was
observed for more than 90% of the brands tested.

5. A difference of 3 mg, or less, was observed between Regime #2 CO yields
predicted from Regime #1 yields and measured Regime #2 yields for more than
90% of the brands tested.

6. A difference of 3 mg, or less, was observed between Regime #3 CO yields
predicted from Regime #1 yields and measured Regime #3 yields for
approximately 75% of the brands tested. A difference of 6 – 12 mg was observed
for approximately 10% of the brands tested.

In addition to exploring functional relationships between smoking regimes based on all
cigarettes studied, relationships based upon a subset of the cigarette brands studied were
explored. Key findings when a subset of the total cigarette brands was studied include:

1. When relationships were explored based on a specific cigarette design feature
(i.e., tobacco blend), significant additional variation was explained by individual
blend group models (i.e., American, Flue-cured and Dark) compared to a single
grand model fit to all cigarettes tested.

2. When relationships were explored based on a specific cigarette design feature
(i.e., tobacco blend), distinct functional relationships between ISO (Regime #1)
nicotine and Regime #2 or Regime #3 nicotine were observed for some blends.

3. When relationships were explored based on a specific cigarette design feature
(i.e., tobacco blend), a tendency toward distinct functional relationships between
ISO (Regime #1) NFDPM and Regime #2 or Regime #3 NFDPM were observed
for some blends.
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4. When relationships were explored based on a specific cigarette design feature
(i.e., tobacco blend), similar functional relationships between ISO (Regime #1)
CO and either Regime #2 or Regime #3 CO were observed for different blends.

5. When relationships were explored based on the “regional product groups”
designated for the study, e.g., “European Flue Cured,” significant additional
variation was explained by individual product group models compared to a single
grand model fit to all cigarettes tested.

6. When relationships were explored based on the “regional product groups”
designated for the study, e.g., “European Flue Cured,” distinct functional
relationships between ISO (Regime #1) NFDPM and either Regime #2 or Regime
#3 NFDPM were observed for different product groups.

7. When relationships were explored based on the “regional product groups”
designated for the study, e.g., “European Flue Cured,” distinct functional
relationships between ISO (Regime #1) nicotine and either Regime #2 or Regime
#3 nicotine were observed for different product groups.

8. When relationships were explored based on the “regional product groups”
designated for the study, e.g., “European Flue Cured,” distinct functional
relationships between ISO (Regime #1) CO and either Regime #2 or Regime #3
CO were observed for different product groups.

Beyond developing correlation models for smoke yields between ISO and representative
alternative smoking regimes, testing conducted to address Task Force Objective #1
provided an opportunity to compare and assess different types of smoking machine
hardware and to investigate potential approaches for data normalization to correct for
interlaboratory biases (interlaboratory biases are expected due to a lack of standardized,
validated testing methods for Regime #2 and Regime #3). Studies to address the first
task force objective employed five different smoking machine designs, two rotary
smoking machine designs and three linear smoking machine designs. A number of
cigarette brands were tested in all laboratories (twelve brands in the Phase 1 study, three
brands in the Phase 2 study), providing a means to (a) compare yields obtained with
different smoking machine hardware, (b) estimate repeatability standard deviation (sr)
and reproducibility standard deviation (sR), and (c) explore potential data adjustments
intended to correct for interlaboratory variability due to a lack of standardized, validated
testing methods. Findings include:

1. Differences in mean smoke yields were observed for the five smoking machine
types applied in the study. Smoking machine designs with a longer history of use
under standard ISO conditions yielded generally similar results with smoking
regimes #2 and #3, with minimal distinction between linear and rotary designs.
However, recently introduced linear smoking machine designs produced results
that were frequently biased either high or low compared to smoking machine
designs with a longer history of use, with no consistent bias direction for the three
smoking regimes studied.

2. Repeatability standard deviation (sr), an estimate of variability among replicates
run under controlled conditions in the same laboratory, and reproducibility
standard deviation (sR), an estimate of variability among replicates run at different
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laboratories, were determined for “tar,” nicotine and CO yield measurements
according to ISO 5725-2 based on Phase 1 study results. Standard deviations
were found to generally increase with mean levels. Therefore, functional
relationships relating repeatability and reproducibility standard deviations to the
sample mean level were developed by combining results from all smoking
regimes. Repeatability and reproducibility standard deviations determined for
three brands tested in the Phase 2 study were in general agreement with values
observed in the Phase 1 study.
(While analyses conducted according to ISO 5725-2 suggest that, as expected,
absolute variability (i.e., standard deviations) will increase with increasing mean
values; this finding does not fully describe the data set developed by the ASR task
force. Analysis of the data set conducted by Mr. Steve Purkis (not included in
this report) suggests that in addition to a general increase in variability with
increasing mean values, variability will increase for a given value (e.g., a given
NFDPM value) when the yield is produced with a more intense smoking regime.
Therefore, a greater standard deviation would be expected for a 15 mg NFDPM
yield produced with smoking regime 3 than with smoking regime 1. Whatever
the fundamental cause of the observed interaction between yield variability and
smoking regime, the observation has clear regulatory implications. Any new ISO
standard based on more intensive smoking regimes and any new regulatory
ceilings established for product yields will have investigate and understand
differences in variability associated with interactions between analyte and
smoking regime.)

3. Data adjustment to correct for interlaboratory variability due to a lack of
standardized, validated testing methods was possible. Linear models were fitted
relating the yields of three control cigarettes tested in each laboratory to the grand
means observed for all laboratories in Phase 2. Models were fitted for control
cigarette yields for all three smoking regimes combined and for each smoking
regime separately. Adjustment of individual laboratory means based on
application of either model (i.e., means observed at each laboratory were adjusted
by subtracting the intercept and dividing by the slope of the model fit for that
laboratory) reduced unexplained interlaboratory variation, making values at
different laboratories more consistent. Adjustment of laboratory means based on
individual smoking regimes eliminated the greatest degree of interlaboratory bias.

Objective #2 Status. Significant potential difficulties are faced when benchmarking
smoke constituents other than ‘tar’, nicotine and CO, due to a lack of recognized
international test methods. Currently, laboratories use their own methodology when
testing to determine individual smoke constituents and substantial differences exist
between test results from different laboratories (48). While the CORESTA Special
Analytes task force is currently charged with collaborative evaluation of methodology for
the measurement of several selected smoke constituents, the work of the task force has
focused on a single machine puffing regimen (ISO) as the intended scope of application.
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Given these factors, the ASR task force requested guidance from the Scientific
Commission on the value of generating data without standardized, validated test methods.
The ASR Task Force also proposed an initial review of existing benchmarking studies to
assess the correlations found. The Scientific Commission agreed that the task force
should in the first instance review the literature to identify gaps in the current knowledge
base.

Review of the literature confirms that ASR task force Objective #2, “… This will be
followed by benchmarking the yields of specified smoke constituents from international
products (smoke constituents to be specified by the Scientific Commission),” has been
achieved to a substantial extent, independent of the ASR task force. Numerous studies
(32 – 36, 49, 50) have been conducted in recent years that determine the yields of
individual smoke constituents (i.e., typically, “Hoffmann analytes”). The studies have
included cigarette brands from several different global markets and, in some instances,
have produced constituent smoke yield data using alternative smoking regimes. While in
the absence of standardized, validated test methods the results of such studies cannot be
viewed as “unequivocally accurate,” studies conducted in a single laboratory do provide a
reasonable basis for product comparison within the study.

Phase 1 Study

The Phase 1 (pilot) study provided a first opportunity for many of the participating
laboratories to determine smoke yields when cigarettes are smoked in a non-standard
manner (i.e., a smoking regime other then the ISO regime), in addition to providing initial
insight into the general feasibility of achieving objective 1. Before beginning the pilot
study, many participating laboratories had to modify smoking machine puffing
capabilities and make other adjustments to analytical methods for the determination of
nicotine, water and carbon monoxide. After implementing smoking and analysis
capabilities consistent with the requirements of the pilot study protocol, participating
laboratories conducted a pre-test with a Kentucky reference cigarette as a final capability
and viability check.

Protocol. The Phase 1 study protocol (Appendix 2) was developed with intent to balance
the practical scope of the study (i.e., a study that could be completed in a reasonable
period of time) with scientific robustness (numbers of ports per smoking regime,
replications, etc.). The pilot study protocol was developed to test twelve cigarette
samples (ten commercial brands and two reference cigarettes) using the three puffing
regimens. Each participating laboratory tested all cigarette samples. The three regimes
specified for study represent a range of puff volume, puff frequency and vent-blocking
conditions as summarized in Table 1. Cigarette brands specified for testing (Table 2)
were selected based on multiple criteria. Brands selected for testing in the pilot study
represented: (a) multiple cigarette manufacturers, (b) the range of NFDPM yields found
in the European market at the time of the study (ISO NFDPM yields from 1 to 12 mg/cig)
and (c) typical product designs. In addition to the smoking regimes and cigarette brands



10

prescribed for testing, the pilot study protocol provided specific run orders for linear and
rotary smoking machines, as well as electronic templates for reporting all study results.

Table 2. Brands Selected for Testing in the Phase 1 Study

Sample
code Sample Description

NFDPM
level

(mg/cig.)

Butt
length
(mm)

Circumference
(mm)

A Manufacturer A 12 29 24.7

B Manufacturer B 12 29 24.8

C Manufacturer C 10 23 26.7

D Manufacturer D 9 35 24.9

E Manufacturer A 8 29 24.7

F Manufacturer E 7 33 24.8

G Manufacturer D 6 35 24.9

H Manufacturer E 4 33 24.8

I Manufacturer B 3 39 24.6

J Manufacturer B 1 35 24.8

K Kentucky Reference 1R4F 9 35 25.0

L
CORESTA Approved

Monitor CM3
15~16 32 24.8

Statistical Analysis. Statistical analysis techniques were applied to Phase 1 test results
with three objectives:

1. To determine the test method capability for each type of smoking machine applied
by participating laboratories,

2. To compare mean performance of the different smoking machines, and
3. To develop functional relationships between the two alternative smoking regimes

(Regimes #2 and #3) and the ISO standard smoking regime (Regime #1) for
NFDPM, nicotine and carbon monoxide.

Statistical analysis for the first objective generally followed procedures described in ISO
standard 5725-2 (51) which describes a standard approach for detection of outlier values,
estimation of sample mean values, and estimation of repeatability and reproducibility
standard deviations for each sample.

For these purposes, the combination of a particular smoking machine used to test a
particular cigarette brand style with a particular smoking regime was treated as a test
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sample. The smoking machine categories used were the RM203 , RM200, SM400, and
ASM500. The KC Automation 10-port smoking machine was used by a single
laboratory. While values for the mean and repeatability could be obtained for data from
the single laboratory that used the KC Automation 10-port smoking machine, no estimate
of reproducibility standard deviation could be obtained. As such, there could be no
confidence that values so obtained would be typical of those produced by other
laboratories using the machine. Thus, a fifth “smoking machine” category was defined
by combining the SM400 and the KC Automation smoking machine data and analysis
was applied to the combined smoking machine category to determine if the KC
Automation machine performance was consistent with the SM400 smoking machines.

While many procedures have been developed to identify outliers in a data set, ISO 5725-
2 specifically recommends the use of Mandel charts for visualization of outlier
laboratories across samples, and Cochran’s test and Grubbs’ test for identification of
outlier laboratories for individual test samples. Mandel charts present normalized mean
and sample standard deviation values for all laboratories for all test samples, with lines to
indicate statistically significant outlier laboratories. Based on these charts, all data from a
laboratory may be excluded if the analyst judges that a laboratory is consistently different
from the others, although the standard does not specify rules for making this
determination.

For Phase 1, these charts were produced separately for yields of the twelve cigarette
brands with each smoking regimen using either linear smoking machines or rotary
smoking machines. They were used primarily to identify outlier smoking machine ports.
Individual port values for laboratories with outlier standard deviations (identified by the
Mandel charts) were examined for “reasonableness” using plots of the raw data. Ports
which appeared different from others at the same lab were investigated further for
assignable cause. If an assignable cause was identified by the participating laboratory
that generated the data (e.g., a particular port yield value was not divided by the number
of cigarettes), then the values were corrected and retained. If no assignable cause was
identified, the port was excluded from further statistical analysis (14 ports in total were
excluded). For linear machines, the ten individual port values exhibited a wider range for
some laboratories than for others. When a wider range was observed without any
particular port appearing unusual, all ports were retained. With only three ports
generated with rotary machines, extremely wide ranges were required to justify dropping
a port (in total, two individual ports were excluded based on this criteria). All six
analytical endpoints were dropped for excluded ports. In addition, all CO data from one
laboratory tested with regimen 3 were excluded since the Mandel chart showed that
values were unusually low for all twelve cigarettes. For these measurements, data from
the other endpoints were retained.

In contrast to the absence of firm recommendations for excluding data from outlier
laboratories based on Mandel charts, ISO 5725-2 clearly specifies a procedure for
applying Cochran’s test (for identifying laboratories with significantly greater variability

3 RM20 is used throughout this document and generally refers more specifically to Borgwaldt smoking
machine model RM20CSR.
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than the other laboratories), and Grubbs’ test (for identifying laboratories with means
which are significantly different from the other laboratories) in sequence, with multiple
iterations. For this study, Cochran’s test was applied, followed by Grubb’s test. With as
many as six laboratories using a particular smoking machine, outlier evaluation was
stopped after the exclusion of one laboratory. With only four laboratories using the
ASM500, critical values for outlier laboratories are relatively extreme, such that no
outlier laboratories were identified for any endpoint for any test sample. Laboratories
deemed outliers by either of these tests (which required p < 0.01) were excluded from
calculations of the mean, repeatability standard deviation, and reproducibility standard
deviation per ISO 5725-2 for that test sample for that particular analytical endpoint.

Repeatability standard deviation is an estimate of variability among replicates run under
controlled conditions in the same laboratory (estimated by pooling standard deviation
estimates across laboratories), while reproducibility standard deviation is an estimate of
variability among replicates run at different laboratories. These quantities were estimated
for each sample after the exclusion of outliers, as described in ISO 5725-2. The
estimation of repeatability standard deviation and reproducibility standard deviation uses
a “method of moments” variance components analysis.

ISO 5725-2 provides additional procedures for developing functional relationships for
relating repeatability and reproducibility standard deviations to the sample mean level,
where such relationships are consistent with the data. Linear models relating variability
to the mean level with and without intercepts were fitted, as well as an exponential model
relating the log of variability to the log of the mean, according to ISO 5725-2. These
models were fitted to mean and standard deviation estimates for all cigarettes using any
of the smoking regimens for each smoking machine (36 data points for each model – 12
cigarette brand styles with 3 regimens). The three model forms were compared across
smoking machines and analytical endpoints to identify the simplest model form that
would provide an adequate fit in most cases.

Comparisons of mean yields for different smoking machine types were made using
analysis of variance in a two-way model with cigarette brand style and test instrument,
followed by post hoc pair-wise Tukey’s tests to find significant differences among the
smoking machines. The KC Automation smoking machine was treated as a separate
smoking machine in these analyses. These analyses were performed separately for each
smoking regimen for each analytical endpoint. While cigarette by smoking machine
interactions were significant in some cases, machine differences were generally
consistent across cigarette brand styles.

In order to examine the relationship between yields of NFDPM, nicotine and CO under
alternative smoking regimes to those of the standard ISO regime, linear and quadratic
regression models were fitted to the means of these analytical endpoints across all
laboratories. The improvement in the error sum of squares obtained by adding the
quadratic term to the model was calculated and compared to the error mean square for the
linear regression model using an F test. The reduction in the error sun of squares was
declared significant if the associated p-value (denoted “P Imp” in Appendix 4, Tables 4 –
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9) was less than 0.05, indicating that a significant improvement in the model fit was
obtained by adding the quadratic term.

All analyses were performed using SAS® (SAS Institute, Cary, NC) software.

Discussion of Results.
Establish Viability of Participating Laboratories. Initial inspection and review of data
generated in the Phase 1 study (Appendix 3) suggested reasonable agreement between the
mean values obtained by each participating laboratory. For each cigarette studied, good
general agreement was found for each smoke yield measurement conducted (NFDPM,
nicotine, CO). Statistical analysis of the twenty-two data sets produced in the study did
not reject any complete data set as an outlier, although some individual endpoints were
excluded as outliers based on either preliminary assessment with Mandel Plots (Appendix
4, Table 1) or Cochran / Grubbs outlier tests (Appendix 4, Table 2). Coefficients of
variation (i.e., %RSD) based on laboratory means for the twelve cigarettes tested were
typically 4 – 9 for each smoke yield measurement and smoking regime (Table 3). In
addition to good interlaboratory agreement, intralaboratory precision was generally
comparable for all three smoking regimes studied. The degree of interlaboratory
agreement observed and the general intralaboratory precision found were most
impressive given that: (1) two of the smoking regimes applied in the study had not been
previously attempted by many of the participating laboratories and (2) at least five
different types of smoking machine were used to conduct the pilot study. It should be
noted however, that while the coefficients of variation are generally comparable for each
of the smoking regimes, absolute variability is increasing from regime #1 to regime #3.
It is expected that interlaboratory validation of the more intensive smoking regimes will
lead to reductions in the observed absolute variability and corresponding coefficients of
variation.

Table 3. Coefficients of Variation Based on Laboratory Means

Coefficient of Variation for Twenty-two
Laboratory Means (Twelve Brands)

Smoke Yield Smoking
Regime

Average of All
Brands

Minimum
(Single Brand)

Maximum
(Single Brand)

NFDPM 1 7.0 4.4 20.0
2 5.9 3.7 10.9
3 6.3 4.4 10.5

Nicotine 1 5.4 3.1 12.8
2 4.7 3.6 5.6
3 4.3 3.6 6.1

CO 1 9.0 7.0 13.8
2 6.8 6.1 8.3
3 7.2 5.9 8.0
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Evaluate Accuracy. Comparison of CM3 reference cigarette yields obtained in the Phase
1 study with yield values determined in the CM3 annual smoking study provide an
indication of Regime #1 accuracy. Grand means for NFDPM, nicotine, CO and puffs
from the twenty-two data sets generated in Phase 1 show good agreement with CM3
values established in 2000 (Table 4). Similarly, comparison of Kentucky reference
cigarette yields obtained in the Phase 1 study with the limited data available for such
yields when smoking with either Regime #2 or Regime #3 also demonstrated good
agreement for NFDPM, nicotine and CO yields (Tables 5 and 6). (Available Kentucky
reference yield data for Regimes #2 and #3 were generated in a relatively few
laboratories (four, or less) and the laboratories had varying degrees of experience with
alternative smoking regimes when the data were generated).

While the results summarized in Table 4 – 6 suggest good agreement when the grand
means for results from all participating laboratories are compared to historical values, it is
also important to consider the extent of agreement, or difference, observed for the various
smoking machine types employed in the Phase 1 study. Differences in smoke yields, if
found, would potentially guide the design of a Phase 2 study, a study intended to address
a broader range of cigarettes. In such a study, it would not be possible to smoke all
cigarettes in each laboratory, an approach that tends to “average out” individual
laboratory differences when applied.

An analysis of variance was conducted for each smoking endpoint to discern possible
smoking machine differences. Differences in smoke yields were observed for the five
smoking machine types used by Phase 1 participants. A post-hoc Tukey’s test (Appendix
4, Table 3) identified smoking machine types that produced equivalent yields for each
smoking regime. In general for the smoking regimes studied, smoking machines with a
longer history of use (i.e., SM400, RM20 and RM200) tended to produce means towards
the middle of the observed range, while smoking machines designed more recently to
address the emerging demand for multiple smoking regime capability often tended to the
upper and lower segments of the observe yield range. It should be noted that although
statistically significant differences in smoke yields were observed for different smoking
machine types, the differences were not extreme. For example, the range of NFDPM
yields for Regime #3 was ~ 24 – 27 mg/cig. However, based on differences observed,
the range of smoking machine designs available for use will be an important
consideration in planning the Phase 2 study design.
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Table 7. Slope and Intercept Values for Repeatability SD and
Reproducibility SD Functional Relationships

Analyte
Smoking
Machine Intercept Slope Intercept Slope

NFDPM RM20 0.102 0.024 0.121 0.039
RM200 0.082 0.019 0.174 0.037
SM400 0.152 0.040 0.205 0.051
KC Auto 0.153 0.042 0.371 0.047
ASM500 0.116 0.039 0.184 0.044

Nicotine RM20 0.009 0.018 0.010 0.047
RM200 0.008 0.018 0.011 0.035
SM400 0.006 0.040 0.010 0.049
KC Auto 0.007 0.041 0.008 0.053
ASM500 0.006 0.040 0.006 0.047

CO RM20 0.050 0.023 0.007 0.062
RM200 0.073 0.021 0.215 0.058
SM400 0.076 0.040 0.123 0.052
KC Auto 0.084 0.041 0.196 0.049
ASM500 0.107 0.037 0.220 0.048

Repeatability SD Reproducibility SD

Develop Correlation Models. The ASR task force has examined the relationships
between NFDPM, nicotine and carbon monoxide yields, when yields are generated with
the three smoking regimes. Regression analysis using both linear and quadratic models
was applied to the grand means for each yield parameter (NFDPM, nicotine, carbon
monoxide) from the 22 available data sets. Regression analysis results based on the
twelve cigarettes tested support the premise that empirical correlation models for smoke
yields between ISO and representative alternative smoking regimes can be developed
(Figures 1 – 3, Table 8). Comparison of linear and quadratic models suggests that a
quadratic model offers little, if any improvement over a linear model when correlating the
smoke yields generated with different smoking regimes (Appendix 4, Tables 4 – 9). This
finding was consistently observed both when reference cigarette data were included and
excluded from the data set during model generation.

Data from one product (Gauloise Filter) were excluded when generating models that
relate nicotine yields from alternative smoking regimes with the nicotine yield from
Regime #1. Gauloise Filter data were excluded because a different relationship was
observed between nicotine and NFDPM when data from the three smoking regimes
studied were combined and examined (Figure 4). Gauloise Filter was the only cigarette
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in the Phase 1 study with a “dark tobacco blend,” suggesting that cigarettes with different
tobacco blends (e.g. flue cured, American and dark blends) may produce different
functional relationships for one or more smoke yield parameters.

Table 8. Summary of Model Coefficients and r2 Statistic for Phase 1 Study Results

Analyte
Reference
Cigarettes X Int r2 X2 X Int r2

NFDPM ( + ) 1.431 7.571 0.949 -0.051 2.252 4.983 0.973
NFDPM ( - ) 1.591 6.710 0.961 -0.048 2.248 4.977 0.972
Nicotine ( + ) 1.368 0.568 0.962 -0.244 1.703 0.476 0.966
Nicotine ( - ) 1.463 0.529 0.952 -0.264 1.761 0.461 0.954

CO ( + ) 0.932 12.180 0.901 -0.063 2.014 8.379 0.959
CO ( - ) 1.054 11.370 0.936 -0.047 1.789 9.009 0.958

NFDPM ( + ) 0.964 17.441 0.793 -0.029 1.434 15.959 0.808
NFDPM ( - ) 1.076 16.797 0.772 -0.009 1.196 16.482 0.772
Nicotine ( + ) 1.075 1.086 0.788 0.161 0.854 1.147 0.790
Nicotine ( - ) 1.050 1.099 0.664 0.305 0.705 1.177 0.668

CO ( + ) 0.286 25.114 0.265 -0.023 0.685 23.712 0.289
CO ( - ) 0.299 24.926 0.285 -0.003 0.339 24.795 0.285

Linear Model Quadratic Model

Regime #2 vs. Regime #1

Regime #3 vs. Regime #1

Note: (+) indicates that reference cigarettes were included in the regression analysis and
(-) indicates that reference cigarettes were excluded from the regression analysis.
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Figure 1. NFDPM Functional Relationships Observed Based on Commercial
Brands and Reference Cigarettes (Linear Model)
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Figure 2. Nicotine Functional Relationships Observed Based on Commercial
Brands and Reference Cigarettes (Linear Model)
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Figure 3. CO Functional Relationships Observed Based on Commercial Brands and
Reference Cigarettes (Linear Model)
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Figure 4. Relationship Observed Between Nicotine and NFDPM Yields for
Gauloise Filter and Other Cigarettes
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Table 10. Difference Between Measured and Predicted Nicotine Values

Regression
Model Difference Observed (mg)

± 0.1 ± 0.2 ± 0.3 ± 0.4 ± 0.5+
Regime 2, Percentage of Cigarettes Tested

Linear 67 97 100 --- ---
Quadratic 73 97 100 --- ---

Regime 3, Percentage of Cigarettes Tested
Linear 62 80 87 95 100

Quadratic 60 78 89 95 100

Table 11. Difference Between Measured and Predicted CO Values

Regression
Model Difference Observed (mg)

± 1 ± 2 ± 3 ± 4 ± 5+
Regime 2, Percentage of Cigarettes Tested

Linear 59 83 96 99 100
Quadratic 57 89 97 100 ---

Regime 3, Percentage of Cigarettes Tested
Linear 33 55 74 90 100

Quadratic 30 56 73 89 100

Yield Modeling Based on Puff Volume, Filter Ventilation and Puff Interval. Discussion
of statistical modeling techniques as a means of predicting alternative smoking regime
smoke yields from a puff volume, puff interval and the cigarette filter ventilation value,
rather than predicting alternative smoking regime smoke yields from the standard ISO
smoking regime, was addressed during ASR task force meetings. Mr. Paul Case led the
discussion based on research conducted at BAT. He has presented findings from such
studies involving a statistically based central composite design at recent CORESTA
meetings (52, 53) A principal advantage of such an approach is that models are obtained
for a range of puff volumes, puff intervals and ventilation conditions, rather than models
that correlate specific smoking conditions.
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Conclusion from Phase 1 Study.

Phase 1 study results from twenty-two data sets suggest that sufficient technical
capability exists within the participating laboratories to continue with a broader study to
develop correlation models for smoke yields between ISO and representative alternative
smoking regimes. Laboratories that participated in the Phase 1 study were able to test
cigarettes with representative alternative smoking regimes that encompassed a range of
puff volumes, puff frequencies and cigarette vent blocking conditions. Reasonable
accuracy and precision were observed in the Phase 1 study when participating
laboratories used one of five types of analytical smoking machine to smoke cigarettes
with the ISO and two alternative smoking regimes. After developing sufficient
technique, the study participants were able to successfully apply tape to the cigarette filter
to block ventilation holes (when present) around either 50% or 100% of the cigarette
circumference. Since statistically significant differences in smoke yields were observed
for different smoking machine types, and while the observed differences were not
extreme, consideration of potential adjustment methods to compensate for differences in
smoke yields due to smoking machine type should be a key consideration for developing
a plan to test a broader range of cigarettes.

Results of regression analysis based on the twelve cigarettes tested support the premise
that empirical correlation models for smoke yields between ISO and representative
alternative smoking regimes can be developed. Differences in smoke yields observed for
one of the products tested suggests that unique correlation models may exist based on
different tobacco blend or other product design features. In developing a study protocol
to broaden the scope of correlation models beyond the ten European brands evaluated in
the Phase 1 Study, cigarette brands representing a range of ISO “tar” yields, a variety of
tobacco blends and commercial availability from many geographical regions is
recommended. With such a diverse set of cigarettes, it must be recognized that: (a) a
single set of generally applicable functional relationships for ‘tar’, nicotine and CO yields
between ISO and representative alternative smoking regimes may be found, (b) multiple
sets of functional relationships based upon specific cigarette design features (e.g., tobacco
blend) may be observed or (c) a lack of adequate functional relationship(s) that correlate
‘tar’, nicotine and CO smoke yields between ISO and representative alternative smoking
regimes is possible.
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Phase 2 Study

Study objectives for Phase 2 of the ASR Task Force effort were (1) to apply experience
and learning from the preliminary work (Phase 1 Study) to develop more robust
correlation models for smoke yields between ISO and representative alternative smoking
regimes based on ‘tar’, nicotine and CO; and (2) to broaden the scope of smoke yield
relationships developed for ten European brands in the Phase 1 Study to include cigarette
brands from many geographical regions (more global perspective).

Protocol. The Phase 2 study protocol was completed and distributed to participating
laboratories in late 2002. Unlike the Phase 1 study in which all laboratories tested a
single group of ten commercial products and two reference cigarettes, distinct product
groups consisting of ten commercial products and three reference cigarettes were tested
by designated laboratories only. Nine product groups arbitrarily identified as: Ad Hoc
Group, American Blends, Canadian Brands, Dark Blends, Europe Flue Cured, European
Group, Japan Domestic / Other, UK Benchmark Brands, US Brands were established for
testing based on consensus of the participating laboratories and a willingness of the
participating cigarette manufacturers to provide products for testing. Each product group
consisted of cigarettes with a range of NFDPM yields, rod lengths, circumferences and
other characteristics typical of various geographical regions represented by the product
group. Cigarettes from Canada, Croatia, England, France, Germany, Indonesia, Italy,
Japan and the United States were included in the various product groups. The product
groupings were not constituted with the intention of ranking the “relative goodness” of
different blend types or product designs, but rather with the intention of comparing a
large number of cigarette brands representing a global perspective in an orderly manner.

At a minimum, each product group was tested in two laboratories, one with a linear
smoking machine capability and another with rotary smoking machine capability. Some
product groups were tested in as many as four laboratories. Linear smoking machines
utilized by study participants included the TriCity Machines Hawktech 1000, Filtrona
SM400 and Cerulean ASM516 smoking machines. Rotary smoking machines utilized by
study participants included Borgwaldt RM20 and RM200 (with kit) smoking machines.
The three smoking regimes applied in the Phase 2 study were identical to the smoking
regimes applied in the pilot study. Puff volume, puff frequency, puff duration and vent-
blocking conditions for each smoking regime are summarized in Table 1.
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Participating laboratories, principal investigators, smoking machine types and product
group assignments for the Phase 2 study are summarized in Tables 12 and 13. The
principal investigators from each laboratory and their colleagues are to be commended
for the excellent efforts put forth in completing the experimental portion of the Phase 2
study. The logistics of test product distribution alone were somewhat daunting and the
laboratory portion (with many accompanying data spreadsheets) was quite complex, yet
excellent data was produced by all participating laboratories in a timely manner.

Table 12. Product Group Assignments for Laboratories with
Linear Smoking Machine Capability

Laboratory Principal Investigator Machine(s)

Product Group
Assignment

for Phase 2 Study
Arista Laboratories Alexandra Martin ASM 500 Dark
Ente Tabacchi Italiani Giovani Lionetti ASM 500 European Brands
Filtrona Michael Taylor ASM 500 Europe Flue Cured
Gallaher Ron McKeivor ASM 500 UK Benchmark
Labstat International Peter Joza ASM 500 American Blend
Lorillard Jack Reid ASM 500 American Blend
RJ Reynolds Mike Borgerding ASM 500 Japan Domestic / Other
BAT UK Paul Case SM400 Europe Flue Cured
RJ Reynolds Mike Borgerding SM400 "Ad Hoc"
Rothmans, Benson
& Hedges Inc. Paul Vassilakopulos SM400 Canadian Brands
RJ Reynolds Mike Borgerding SM400 US Brands
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Table 13. Product Group Assignments for Laboratories with
Rotary Smoking Machine Capability

Laboratory Principal Investigator Machine(s)

Product Group
Assignment

for Phase 2 Study
Altadis Yves Saint-Jalm RM20 US Brands
Baumgartner Bertrand Moullet RM20 Dark
House of Prince Hans Thomsen RM20 Canadian Brands
Imperial Tobacco UK David Tuck RM20 Europe Flue Cured
J.L Tiedemanns
Tobaksfabrik AS Rolf Olsen RM20 Japan Domestic / Other
LTR Industries Christophe Le Moigne RM20 European Brands
RJ Reynolds Mike Borgerding RM20 Canadian Brands
Tvornica Duhana Rovinj Marica Pokrajac RM20 "Ad Hoc"
Wattenspapier Georg Astl RM20 Dark
Sampoerna Indonesia Mochammad Sholichin RM200 with kit American Blend
Borgwaldt Technik GmbH Bruno Kluss RM200 with kit UK Benchmark
Japan Tobacco Yuichi Fukai RM200 with kit UK Benchmark
Austria Tabak Jutta Muller RM200 with kit US Brands
JT International - Cologne Uwe Thiel RM200 with kit American Blend
PM International Michel Rigaux RM200 with kit Japan Domestic / Other

Statistical Analysis. Statistical analysis techniques were applied to Phase 2 test results
with three objectives:

1. To determine the test method capability for each type of smoking machine applied
by participating laboratories,

2. To compare mean performance of the different smoking machines, and
3. To develop functional relationships between the two alternative smoking regimes

(Regimes #2 and #3) and the ISO standard smoking regime (Regime #1) for
NFDPM, nicotine and carbon monoxide.

A Dixon test for normal distribution extreme outlier replicate values was performed on
individual values for each cigarette measured at each smoking regime, when applicable.
Dixon tests were performed for laboratories using linear smoking machines, but not for
laboratories using rotary smoking machines since these laboratories only generated three
replicate values per cigarette. Subsequently, Dixon tests for normal distribution extreme
outlier laboratory means were performed on laboratory means for all laboratories for the
three control cigarettes (a commercial 1 mg yield cigarette, the 1R4F Kentucky reference
cigarette and CORESTA monitor cigarette CM4). These were performed separately for
each type of smoking machine. (Data from the laboratory using the Hawktech smoking
machine were excluded from this evaluation.)

As in Phase 1, the mean, repeatability standard deviation and reproducibility standard
deviations were estimated to describe the test method capability for each type of smoking
machine. Since most cigarette brand styles were smoked in 2 – 4 laboratories, statistical
analysis was based on the three control cigarettes common to all laboratories. However,
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since only three cigarettes were tested at every laboratory, no attempt was made to
develop functional relationships between the means and repeatability or reproducibility
standard deviations. Rather, estimates of these quantities established from Phase 2 study
data were plotted together with the models developed in Phase 1 to evaluate the extent of
consistency with Phase 1 results. Since no Cochran’s or Grubb’s tests were used to
exclude laboratories, this comparison also provides a measure of potential improvement
in laboratory performance since Phase 1.

Yields for the three control cigarettes were compared among the smoking machines using
analysis of variance followed by post hoc Tukey’s tests to compare the smoking
machines on a pair-wise basis. The Hawktech smoking machine was treated as a separate
smoking machine type in these analyses. Analysis was completed for each control
cigarette separately with a one-way analysis of variance on smoking machine, and also
with a two-way analysis of variance on smoking machine and cigarette. As in Phase 1,
while cigarette by smoking machine interactions were significant in some cases, machine
differences were generally consistent across cigarette brand styles.

In order to examine the relationship between yields of NFDPM, nicotine and CO under
alternative smoking regimes to those of the standard ISO regime, linear regression
models were fitted to the means of these analytical endpoints for (1) the laboratories that
tested each product group, (2) all laboratories and (3) laboratories that tested cigarettes
with a similar tobacco blend. However, because of differences observed for different
types of smoking machine in the Phase 1 study and general interlaboratory differences
typically expected, normalization of mean values seemed appropriate to make values
generated at different laboratories as comparable as possible. This was especially
important because different laboratories smoked different cigarette product groups. For
this purpose, models relating the yields of the three control cigarettes at each laboratory
to the grand means observed at all laboratories were fitted. Models were fitted both for
yields of the control cigarettes for all three smoking regimes combined and for each
smoking regime separately. Tests were performed to see if the set of models fit
separately for each regime provided statistically significant improvement in the fit (i.e., a
significant reduction of unexplained variation) compared to a single model fit for all three
regimes combined. Means observed at each laboratory were adjusted by subtracting the
intercept and dividing by the slope of the model fit for that laboratory. This adjusted
value is the grand mean value that would have produced the observed value, and thus has
the effect of removing laboratory differences. Adjusted values for all cigarettes smoked
at each laboratory (not just the control cigarettes) were obtained using these models.

To describe the relationship between different smoking regimes, regression models were
fitted to mean values for commercially available cigarette brand styles (control cigarettes
were excluded) observed at each laboratory, predicting yields when smoking with the two
alternative smoking regimes (Regimes #2 and #3) from the ISO standard smoking regime
(Regime #1) yields. Models were fitted for the observed means, for means adjusted
using models fit to all smoking regimes (All-Adjusted) and for means adjusted using
models fit separately for each smoking regime (Regime-Adjusted). Next, similar models
were fitted for all laboratories that tested the same cigarette brand styles. From these
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results, a test was performed to see if the set of models fit for different laboratories
smoking the same brand styles provided a statistically significant improvement over a
single model fit to data from those laboratories (regardless of smoking machine). The
extent to which this test becomes less significant (i.e., laboratories are more alike) as the
level of adjustment increases (observed values to All-Adjusted to Regime-Adjusted)
provides an indication of the effectiveness of the adjustment.

Finally, similar models were fitted to predict yields when smoking with Regimes #2 and
#3 from yields under Regime #1, combining data from all laboratories. From these
results, a test was performed to see if the set of models fit for different groups of cigarette
brand styles provided a statistically significant improvement over a single model fit to
data from all laboratories. These models were fitted and tests performed for laboratory
means observed and using both methods of adjustment.

Discussion of Results.
Establish Viability of Participating Laboratories. The Phase 2 study results (mean values
obtained in each laboratory) are summarized in Appendix 6.

Results from Dixon tests for normal distribution extreme outlier replicate values that
were performed on individual linear smoking machine values for each cigarette measured
at each smoking regime demonstrate the general viability of laboratories that used linear
smoking machines. Across the thirteen cigarettes smoked with three different smoking
regimes to yield six analytical endpoints (i.e., puff count; TPM, nicotine, water, NFDPM
and CO yields), 2,575 total test sample values were produced by the eleven laboratories
with linear smoking machines. Seventy-four values (2.9% of the total data) were
identified as outliers. After careful examination, it was decided that removal of these
outliers would have minimal impact on the reported mean values and none of these data
were excluded.

Similarly, Dixon tests for normal distribution extreme outlier laboratory means
performed on laboratory means for all laboratories for the three control cigarettes (a
commercial 1 mg yield cigarette, the 1R4F Kentucky reference cigarette and CORESTA
monitor cigarette CM4) demonstrate the general viability of all laboratories participating
in the Phase 2 study. Only one outlier (p<0.01) was identified in the 216 tests conducted
(6 endpoints for each of 4 smoking machines for 3 cigarettes at 3 regimens), indicating a
very high level of consistency of results among laboratories using the same type of
smoking machines (Appendix 7, Table 1). With such minimal impact, no data were
excluded as statistical outliers.

Results for Laboratory L2, products D and J, and for Laboratory R6, product J were
excluded when establishing correlation models. Results for product D were excluded
because an incorrect product was tested. Results for product J were excluded because it
was a reference cigarette, rather than a commercially available cigarette brand. No other
results were excluded for an assignable cause.
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Figure 5. Phase 2 Study Control Cigarette NFDPM Yields – Regime #2
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(Note: One of the ASR task force participating laboratories (R3) was unable to provide
yield data. However, the laboratory designation as defined in the study protocol was
retained in the chart).

Since individual laboratory biases potentially confound the ability to accurately develop
correlation models for smoke yields between ISO and representative alternative smoking
regimes (the principal task force objective), adjustments to the data based on control
cigarette yield values were investigated. By design, testing of control cigarettes with
each product group provides a means of correcting for interlaboratory biases in much the
same way as an internal standard corrects for injection volume variation in gas
chromatography. Adjustments to correct for observed interlaboratory biases are
particularly pertinent for the Phase 2 study design, because individual product groups are
tested in only 2 – 4 laboratories. Such adjustments are intended to eliminate potential
biases in individual data sets due to smoking machine type or other unique laboratory
factors, such that the true smoke yield relationship between smoking regimes may be best
discerned.

For this purpose, models relating the yields of the three control cigarettes at each
laboratory to the grand means observed for all laboratories were fitted. Models were
fitted both for yields of the control cigarettes for all three smoking regimes combined
(e.g., Figure 6) and for each smoking regime separately. Differences in slope and
intercept coefficients were observed for the different model types and for the individual
smoking regimes in some instances (Table 15). Tests were performed to determine if the
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set of control cigarette models fit separately for each regime provided statistically
significant improvement in the fit (i.e., a significant reduction of unexplained variation)
compared to a single model fit for all three regimes combined. Statistically significant
improvements in the fit were observed for several laboratories when control cigarette
yield models were fitted separately for each smoking regime (Appendix 7, Tables 2 – 4).
For example, significantly improved control cigarette yield models for three of the four
laboratories summarized in Table 15 (Laboratories L5, L6 and R14) were found with
individual regime models. As such, adjustment models based on all smoking regimes
and individual regimes were applied to all observed smoke yields (Appendix 7, Tables 5
– 7) prior to developing correlation models for smoke yields between ISO and
representative alternative smoking regimes. For each endpoint, means observed at each
laboratory were adjusted by subtracting the intercept and dividing by the slope of the
model fit for that laboratory. This adjusted value is the grand mean that would have been
produced if each product had been tested in all participating laboratories, and thus has the
effect of removing laboratory differences.

Figure 6. Laboratory #9 Control Cigarette NFDPM Yields (Regimes 1 – 3) vs.
Grand Mean Yields for All Laboratories
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Table 15. Example of Control Cigarette NFDPM Adjustment Models for
Laboratories Evaluating a Common Product Group

Model Slope Intercept R2

Overall Model
(All Regimes) 0.8814 0.2955 0.9817

Regime 1 1.0753 -0.2458 0.9998
Regime 2 0.9430 -1.2624 1.0000
Regime 3 0.9971 -2.9739 0.9976

Overall Model
(All Regimes) 0.8698 0.1486 0.9762

Regime 1 1.0403 -0.0730 0.9985
Regime 2 0.9489 -1.7139 0.9991
Regime 3 1.0334 -4.3683 0.9951

Overall Model
(All Regimes) 0.9776 -0.1234 0.9968

Regime 1 0.9193 0.3033 1.0000
Regime 2 0.9623 0.3189 0.9984
Regime 3 1.0712 -2.4451 0.9942

Overall Model
(All Regimes) 1.0427 0.1115 0.9974

Regime 1 0.9563 0.3382 0.9997
Regime 2 1.0043 1.1087 1.0000
Regime 3 1.0286 0.5887 1.0000

Laboratory L5

Laboratory L6

Laboratory R10

Laboratory R14

Evaluate Precision. Means, repeatability standard deviation and reproducibility standard
deviation estimates to describe the test method capability for each type of smoking
machine based on the three control cigarettes common to all laboratories in the Phase 2
study are summarized in Appendix 7, Tables 11 – 13. The variability among replicates
run under controlled conditions in the same laboratory (sr) and the variability among
replicates run at different laboratories (sR) were comparable for Phase 1 and Phase 2
control cigarette NFDPM, nicotine and CO measurements. While differences in both
repeatability and reproducibility were observed between the two studies, trends
suggesting a consistent increase or decrease from Phase 1 to Phase 2 were not observed.
Comparison of Phase 2 study repeatability standard deviation and reproducibility
standard deviation estimates to the Phase 1 functional relationships that relate
repeatability and reproducibility standard deviations to the sample mean level when
combining results from all smoking regimes and for all Phase 1 test products also
demonstrate comparable analysis precision for the two studies (Appendix 7, Figures 1 –
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30). One notable difference between the two studies concerns the reproducibility
standard deviation for the ASM 500 smoking machine, which was generally greater in the
Phase 2 study than in the Phase 1 study.

Develop Correlation Models. In order to develop correlation models for “tar”, nicotine
and CO between the ISO and representative alternative smoking regimes, two factors
were first considered: (a) the effect of potential adjustments to the originally observed
data based on control cigarette yields and (b) the scope of the cigarette brands styles
included as the basis for establishing functional relationships. A discussion of each of
these concepts follows.

Potential Adjustments to the Data. Phase 2 study data were evaluated with and without
adjustment to the data based on observed control cigarette yields. Correlation models for
smoke yields between ISO and representative alternative smoking regimes were
evaluated: (1) with no adjustment to the data, (2) with adjustment based on control
cigarette yields at all three smoking regimes simultaneously (“All-Regimes-Adjusted”)
and (3) with adjustment based on control product yields at each individual smoking
regime (“Regime-Adjusted”) for the specific laboratory.

Adjustments based on the control cigarettes did eliminate potential interlaboratory biases
caused by smoking machine type or other unique laboratory factors, with Regime-
Adjusted data eliminating the greatest extent of bias. This effect is illustrated for the
European brands group in Figures 7 – 9 (Regime 2 NFDPM yields) and Figures 10 – 12
(Regime #3 NFDPM yields). Significant differences are observed in the functional
relationships found for the individual laboratories testing the European brands group
when the data are evaluated without adjustment (Figures 7 and 10). While the All-
Regimes Adjusted data eliminates some of the biases observed between the laboratories,
the Regime-Adjusted data eliminates the greatest extent. With Regime-Adjusted data,
NFDPM yields for each cigarette tend to cluster together and the most consistent
regression results are observed for the four laboratories.

Statistical analysis results for each product group based on observed data, All Regimes-
Adjusted data and Regime-Adjusted data are summarized in Appendix 7, Tables 8 – 10.
In these tables the “p: multiple lines” statistic tests whether a multi-line model (i.e., lab
by lab) reduces the error sum of squares as compared to a single line based on all labs.
When p <0.05, a multi-laboratory model significantly improves the fit. If adjustments to
the data based on control cigarette yields reduce interlaboratory biases, then fewer
incidences of p < 0.05 should be observed when adjustment is applied. This is the case,
with the fewest incidences of p <0.05 observed for Regime-Adjusted data.

The overall effect from data adjustment is evident from functional relationships based on
all products tested in all product groups (Figures 13 – 18), with the least amount of
variability in the data and the greatest R2 values observed for Regime-Adjusted data.
As such, functional relationship examples summarized in the tables below reflect
Regime-Adjusted data.
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Figure 7. Regime #2 vs. Regime #1 NFDPM Yields – No Adjustment
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Figure 8. Regime #2 vs. Regime #1 NFDPM Yields - Adjusted by
All Regimes Model
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Figure 9. Regime #2 vs. Regime #1 NFDPM Yields - Adjusted by
Individual Regime Models
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Figure 10. Regime #3 vs. Regime #1 NFDPM Yields – No Adjustment
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Figure 11. Regime #3 vs. Regime #1 NFDPM Yields - Adjusted by
All Regimes Model
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Figure 12. Regime #3 vs. Regime #1 NFDPM Yields - Adjusted by
Individual Regime Models
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Figure 13. Regime #2 vs. Regime #1 NFDPM Yields, All Cigarettes - No Adjustment
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Figure 14. Regime #2 vs. Regime #1 NFDPM Yields, All Cigarettes –
All Regimes-Adjusted
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Figure 15. Regime #2 vs. Regime #1 NFDPM Yields, All Cigarettes –
Regime-Adjusted
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Figure 16. Regime #3 vs. Regime #1 NFDPM Yields, All Cigarettes - No Adjustment
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Figure 17. Regime #3 vs. Regime #1 NFDPM Yields, All Cigarettes –
All Regimes-Adjusted
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Figure 18. Regime #3 vs. Regime #1 NFDPM Yields, All Cigarettes –
Regime-Adjusted
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Cigarette Brand Styles Used to Establish Functional Relationships. After adjustment
for potential laboratory biases, Phase 2 study data were evaluated in a number of ways.
First, correlation models for ‘tar’, nicotine and CO smoke yields between ISO and
representative alternative smoking regimes (“Massachusetts” and Canadian “Intense”)
were compared using a linear model. Tables 16 - 18 summarizes the “global” models
(i.e., in each case, a single, grand model for the ~ 90 cigarette brand styles tested from
around the world) obtained for NFDPM, nicotine and CO. “Stronger” correlations with
the ISO smoking regime were generally observed for Regime #2 than for Regime #3.
“Stronger” correlations were also generally observed for ‘tar’ and nicotine than for CO.

Table 16. NFDPM Functional Relationships Based on All Products – Linear Models
Relating Either Regime #2 or Regime #3 to the ISO Smoking Regime

Smoking Regime Slope Intercept R2

Regime #2 1.5236 6.6588 0.9504

Regime #3 1.1899 15.829 0.7976

NFDPM Yield Range Observed (mg/cig)

Regime Minimum Maximum

Regime #1 ~1 ~22

Regime #2 ~ 5 ~ 35

Regime #3 ~ 13 ~ 40

Table 17. Nicotine Functional Relationships Based on All Products –
Linear Models Relating Either Regime #2 or Regime #3 to ISO Smoking Regime

Smoking Regime Slope Intercept R2

Regime #2 1.5612 0.4434 0.9390

Regime #3 1.4111 0.8994 0.7632

Nicotine Yield Range Observed (mg/cig)

Regime Minimum Maximum

Regime #1 ~ 0.1 ~ 1.7

Regime #2 ~ 0.4 ~ 3.3

Regime #3 ~ 0.5 ~ 3.5
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Table 18. CO Functional Relationships Based on All Products –
Linear Models Relating Either Regime #2 or Regime #3 to ISO Smoking Regime

Smoking Regime Slope Intercept R2

Regime #2 1.1647 9.7471 0.8717

Regime #3 0.5346 22.1200 0.2978

CO Yield Range Observed (mg/cig)

Regime Minimum Maximum

Regime #1 ~ 1 ~ 17

Regime #2 ~ 7 ~ 29

Regime #3 ~ 10 ~ 30

The quality of the functional relationships when results for all brands studied serve as the
basis for regression analysis can be assessed by comparing yield values predicted from
the functional relationships with measured yield values (Figures 19 – 22). Findings from
such a comparison include:

1. A difference of 3 mg, or less, is observed between Regime #2 NFDPM yields
predicted from Regime #1 yields and measured Regime #2 yields for more than
90% of the brands tested.

2. A difference of 3 mg, or less, is observed between Regime #3 NFDPM yields
predicted from Regime #1 yields and measured Regime #3 yields for
approximately 75% of the brands tested. A difference of 5 mg, or less, was
observed for more than 90% of the brands tested.

3. A difference of 0.3 mg, or less, is observed between Regime #2 nicotine yields
predicted from Regime #1 yields and measured Regime #2 yields for more than
90% of the brands tested.

4. A difference of 0.3 mg, or less, is observed between Regime #3 nicotine yields
predicted from Regime #1 yields and measured Regime #3 yields for
approximately 75% of the brands tested. A difference of 0.5 mg, or less, was
observed for more than 90% of the brands tested.

5. A difference of 3 mg, or less, is observed between Regime #2 CO yields predicted
from Regime #1 yields and measured Regime #2 yields for more than 90% of the
brands tested.

6. A difference of 3 mg, or less, is observed between Regime #3 NFDPM yields
predicted from Regime #1 yields and measured Regime #3 yields for
approximately 75% of the brands tested. Further, a difference of 6 – 12 mg is
observed for approximately 10% of the brands tested.



41

Figure 19. Difference between Phase 2 Study Measured and
Predicted NFDPM Values
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Figure 20. Difference between Phase 2 Study Measured and
Predicted Nicotine Values
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Figure 21. Difference between Phase 2 Study Measured and
Predicted CO Values
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Inspection of the Phase 2 study data by tobacco blend type (e.g., Figures 22 – 23)
suggests that correlation models between ISO and alternative smoking regimes based on
blend type may describe the data better than a single, grand model. Statistical analysis
results (Appendix 7, Table 17) confirm that significant additional variation in the data is
explained by individual blend group models compared to a single grand model inclusive
of all cigarettes tested. Significant improvements are observed for all smoke yields
(NFDPM, nicotine and CO). Correlation models based on blend type are summarized in
Tables 19 – 24).

When correlation models are explored based on tobacco blend: (a) distinct functional
relationships between ISO (Regime #1) nicotine and Regime #2 or Regime #3 nicotine
were observed for some blends, (b) a tendency toward distinct slopes and intercepts (i.e.,
functional relationships) between ISO (Regime #1) NFDPM and Regime #2 or Regime
#3 NFDPM were observed for some blends and (c) similar functional relationships
between ISO (Regime #1) CO and either Regime #2 or Regime #3 CO were observed for
different blends.

Similarly, inspection of Phase 2 study data by product group suggests that correlation
models between ISO and alternative smoking regimes based on individual product groups
may describe the data better than a single, grand model. Statistical analysis results
(Appendix 7, Table 18) confirm that significant additional variation in the data is
explained by individual product group models compared to a single grand model fit to all
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cigarettes tested. Significant improvements are observed for all smoke yields (NFDPM,
nicotine and CO). Correlation models based on blend type are summarized in Tables 25
– 30). When correlation models are explored by product group, distinct slope and
intercept values are found for a number of product group NFDPM, nicotine and CO
models.

Figure 22. Regime #2 vs. Regime #1 Nicotine Yields, All Cigarettes
By Blend Type – Regime-Adjusted
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Figure 23. Regime #3 vs. Regime #1 Nicotine Yields, All Cigarettes
By Blend Type – Regime-Adjusted
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Table 19. NFDPM Functional Relationships Based on Products with Similar
Tobacco Blends – Linear Models Relating Regime #2 to ISO Smoking Regime

Blend Slope Intercept R2

All 1.5236 6.6588 0.9504

By Blend Type

American 1.5904 6.6553 0.9591

Flue Cured 1.4332 6.9218 0.9546

Dark 1.6564 5.3935 0.9593
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Table 20. NFDPM Functional Relationships Based on Products with Similar
Tobacco Blends – Linear Models Relating Regime #3 to ISO Smoking Regime

Blend Slope Intercept R2

All 1.1899 15.829 0.7976

By Blend Type

American 1.2577 16.173 0.8490

Flue Cured 1.0853 15.954 0.7848

Dark 1.4444 13.086 0.7978

Table 21. Nicotine Functional Relationships Based on Products with Similar
Tobacco Blends – Linear Models Relating Regime #2 to ISO Smoking Regime

Blend Slope Intercept R2

All 1.5612 0.4434 0.9390

By Blend Type

American 1.5674 0.4833 0.9504

Flue Cured 1.4999 0.5001 0.9605

Dark 1.7397 0.1409 0.9585

Table 22. Nicotine Functional Relationships Based on Products with Similar
Tobacco Blends – Linear Models Relating Regime #3 to ISO Smoking Regime

Blend Slope Intercept R2

All 1.4111 0.8994 0.7632

By Blend Type

American 1.3464 1.0075 0.8113

Flue Cured 1.3314 0.9985 0.7885

Dark 1.8882 0.2399 0.9079
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Table 23. CO Functional Relationships Based on Products with Similar Tobacco
Blends – Linear Models Relating Regime #2 to ISO Smoking Regime

Blend Slope Intercept R2

All 1.1647 9.7471 0.8717

By Blend Type

American 1.1818 9.9377 0.8570

Flue Cured 1.1484 9.4624 0.8878

Dark 1.2352 9.3487 0.9267

Table 24. CO Functional Relationships Based on Products with Similar Tobacco
Blends – Linear Models Relating Regime #3 to ISO Smoking Regime

Blend Slope Intercept R2

All 0.5346 22.1200 0.2978

By Blend Type

American 0.6289 22.0120 0.3187

Flue Cured 0.4503 22.2030 0.3359

Dark 0.6434 21.0080 0.3082
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Table 25. NFDPM Functional Relationships Based on Product Groups –
Linear Models Relating Regime #2 to ISO Smoking Regime

Product Group Slope Intercept R2

Ad Hoc 1.5732 5.9270 0.9764

American Blend 1.7822 5.4837 0.9385

Canadian Brands 1.2537 8.4001 0.9450

Dark 1.6564 5.3936 0.9593

European Brands 1.6665 6.5810 0.9434

European Flue Cured 1.6541 5.6695 0.9676

Japan
Domestic/Other

1.3871 7.1874 0.9635

UK Benchmark 1.4055 7.1007 0.9442

U. S. Brands 1.5285 7.7135 0.9693

Table 26. NFDPM Functional Relationships Based on Product Groups –
Linear Models Relating Regime #3 to ISO Smoking Regime

Product Group Slope Intercept R2

Ad Hoc 1.4009 14.095 0.8968

American Blend 1.3422 15.466 0.6918

Canadian Brands 0.6794 21.035 0.7266

Dark 1.4444 13.087 0.7978

European Brands 1.4774 14.968 0.7733

European Flue Cured 1.4032 13.752 0.8497

Japan Domestic/Other 1.1249 15.384 0.8607

UK Benchmark 0.7461 17.667 0.7068

U. S. Brands 1.1382 18.089 0.9196
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Table 27. Nicotine Functional Relationships Based on Product Groups –
Linear Models Relating Regime #2 to ISO Smoking Regime

Product Group Slope Intercept R2

Ad Hoc 1.5360 0.4657 0.9806

American Blend 1.7289 0.3959 0.9074

Canadian Brands 1.2379 0.7900 0.9515

Dark 1.7398 0.1409 0.9585

European Brands 1.7112 0.4269 0.9743

European Flue Cured 1.6846 0.3694 0.9830

Japan Domestic/Other 1.5100 0.4352 0.9824

UK Benchmark 1.3896 0.5779 0.9457

U. S. Brands 1.4320 0.6103 0.9600

Table 28. Nicotine Functional Relationships Based on Product Groups –
Linear Models Relating Regime #3 to ISO Smoking Regime

Product Group Slope Intercept R2

Ad Hoc 1.3104 1.0034 0.9626

American Blend 1.4612 0.9330 0.6075

Canadian Brands 0.6582 1.8549 0.6306

Dark 1.8882 0.2399 0.9079

European Brands 1.6132 0.9346 0.8195

European Flue Cured 1.6479 0.7414 0.9241

Japan Domestic/Other 1.4762 0.8109 0.9506

UK Benchmark 0.8402 1.2483 0.6417

U. S. Brands 1.2047 1.1178 0.8850



49

Table 29. CO Functional Relationships Based on Product Groups –
Linear Models Relating Regime #2 to ISO Smoking Regime

Product Group Slope Intercept R2

Ad Hoc 1.2294 8.2596 0.8764

American Blend 1.3457 9.1623 0.9326

Canadian Brands 1.1513 8.8665 0.9296

Dark 1.2352 9.3487 0.9267

European Brands 1.4043 7.7753 0.8584

European Flue Cured 1.3446 8.3112 0.9063

Japan Domestic/Other 0.9632 10.5195 0.9688

UK Benchmark 1.2336 9.2347 0.8740

U. S. Brands 0.9129 13.3458 0.8228

Table 30. CO Functional Relationships Based on Product Groups –
Linear Models Relating Regime #3 to ISO Smoking Regime

Product Group Slope Intercept R2

Ad Hoc 0.5553 20.5811 0.2227

American Blend 0.8356 20.8692 0.6325

Canadian Brands 0.3529 24.4471 0.3643

Dark 0.6434 21.0077 0.3082

European Brands 0.9980 18.7667 0.2647

European Flue Cured 0.5491 21.2891 0.4295

Japan Domestic/Other 0.4790 21.4826 0.7031

UK Benchmark 0.4713 21.4839 0.2317

U. S. Brands 0.2920 26.9364 0.1179
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Conclusion from Phase 2 Study. The Phase 2 study was successful in generalizing the
results from the Phase 1 study, by expanding the breadth of cigarette designs studied. A
comprehensive study applying alternative smoking regimes to approximately ninety
cigarette brand styles from various regions of the world, with numerous designs and a
variety of tobacco blends has been completed, broadening the scope of cigarette products
evaluated in the first phase of the ASR task force work.

The ‘tar’, nicotine and CO yield data obtained from the study provide the basis for
correlation models between ISO smoke yields and representative alternative smoking
regime smoke yields, when such correlations exist. When correlation models between
ISO and representative alternative smoking regimes were compared for the brands
studied, “stronger” correlations were generally observed for Regime #2 than for Regime
#3. “Stronger” correlations were generally observed for ‘tar’ and nicotine than for CO
(An “adequate” functional relationship was not observed between ISO (Regime #1) CO
yields and Regime #3 CO yields based on the cigarettes studied). Also, blend specific
models improved the quality of the correlation models, as did models based on specific
product groups.
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Appendix 1, Table 2. ASR Task Force Participants

Company
Principal

Investigator(s)
Smoking

Machine(s)
Study #1
(Phase 1)

Study #2
(Phase 2)

Altadis Yves Saint-Jalm RM20 X X

Arista Laboratories Alexandra Martin
KC Auto /
Hawktech X X

Austria Tabak
Jutta Muller,
Hubert Klus

RM200 with
kit X X

British American Tobacco Paul Case SM400 X X
Baumgartner Bertrand Moullet RM20 X

Borgwaldt Technik GmbH Bruno Kluss RM200 X X
Ente Tabacchi Italiani Giovani Lionetti ASM 500 X X
Filtrona Michael Taylor ASM 500 X
Gallaher Ron McKeivor ASM 500 X X
House of Prince Hans Thomsen RM20

Imperial Tobacco UK
David Tuck,
Steve Purkis RM20 X X

J.L. Tiedemanns
Tobaksfabrik AS Rolf Olsen RM20 X
Japan Tobacco Yuichi Fukai RM200 X X

JT International - Cologne Uwe Thiel
RM200 with

kit X X
Labstat International Peter Joza ASM 500 X X
Lorillard Jack Reid ASM 500 X

LTR Industries
Christophe
Le Moigne RM20 X X

Massalin Particulares
Argentina

Sergio Paredes,
Marcela Cagnone ASM500 X

Philip Morris USA Brenda Strang SM400 X

PM International

Dimitri
Parthenopoulos,

Michel Rigaux
RM200 with

kit X X

R. J. Reynolds
Tobacco Co. Mike Borgerding

SM400, ASM
500, RM20 X X

Reemstsma Henning Lutz RM200 X

Rothmans, Benson
& Hedges Inc.

Steve Chapman,
Paul Vassilakopulos SM400 X X

Sampoerna Indonesia
Mochammad

Sholichin RM200 X
Tvornica Duhana Rovinj Marica Pokrajac RM20 X X
Wattenspapier Georg Astl RM20 X X

Data Set(s) Provided
for:
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Appendix 2. Phase 1 Study Protocol
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Test Protocol for the CORESTA Alternative
Puffing Regime Task Force – Phase 1

Collaborative Study

1. Schedule

- Each supplier laboratory of test cigarettes shall ship two cartons of the
same batch of test cigarettes to each participating laboratory by March 15,
2001. (Note: All participating laboratories will be responsible for
purchasing CORESTA monitor cigarette CM3 for their own use. The
supplier laboratories will provide all other cigarettes.)

- Cases and cartons shall be unpacked, and packages containing test
cigarettes shall be mixed and sampled at random in each participating
laboratory.

- Laboratories shall determine NFDPM, nicotine and CO in mainstream
smoke of test cigarettes using three separate smoking regimes during
March, April and early May 2001.

- All available test results shall be reported to Mike Borgerding, Steve
Chapman and Yves St. Jalm by May 14, 2001.

- M. F. Borgerding and P. Case will compile test results and a preliminary
analysis of data from the study will be reported to all participating
laboratories at the Task Force Meeting scheduled for May 30, 2001.

- Next Task Force Meeting will be held on May 30, 2001 in Paris, France at
the invitation of ALTADIS. The details will be decided by ALTADIS and
each participating laboratory will be notified with an invitation letter.

2. Test Cigarettes

As shown in Table 1, ten (10) commercial test cigarettes different in “tar”
(NFDPM) level and two reference cigarettes shall be used in the collaborative
study.



62

Table 1. Test Cigarettes for Phase 1 Collaborative Study
Sample
code

Sample name (Supplier)
NFDPM level

(mg/cig.)
Butt length

(mm)
Circumference

(mm)

A State Express 12 29 24.7

B Marlboro KS 12 29 24.8

C Gauloises Filtre 10 22 26.7

D Camel Medium 9 35 24.9

E B&H 8 29 24.7

F Davidoff Light 7 33 24.8

G Camel Light 6 35 24.9

H R6 KS 4 33 24.8

I Marlboro Ultra Light 100 3 39 24.6

J Philip Morris One KS 1 35 24.8

K Kentucky Reference Cig. 1R4F 9 35

L CORESTA Approved Monitor CM3 15~16 32

3. Test Method

The CORESTA Alternative Puffing Regime Task Force – Phase 1
Collaborative Study shall be conducted in accordance with the ISO standards
noted below. For smoking regimes other than the standard ISO regime,
regulatory documents and/or analytical methods from Massachusetts and
Canada, in addition to individual corporate analysis methods applied in the
1999 Massachusetts Benchmark Study, are provided for guidance.

ISO Standards (smoking regime: 35/60/2 w 0% VB)
ISO 3402 Tobacco and tobacco products - Atmosphere for conditioning and

testing (4th edition, 1999-12-15)
ISO 3308 Routine analytical cigarette-smoking machine - Definitions and

conditions (4th edition, 2000-04-15)
ISO 4387 Cigarettes - Determination of total and nicotine-free dry particulate

matter using a routine analytical smoking machine (3rd edition, 2000-04-
01)

ISO 10315 Cigarettes - Determination of nicotine in smoke condensates -
Gas-chromatographic method (2nd edition, 2000-04-01)

ISO 10362-1 Cigarettes - Determination of water in smoke condensates -
Part 1: Gas-chromatographic method (2nd edition, 1999-12-15)

ISO 8454 Cigarettes – Determination of carbon monoxide in the vapour
phase of cigarette smoke – NDIR method (2nd edition, 1995-11-15)
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Table 3. Choice of Tape Width for 50% Vent Blocking (Regime #2)

Tape Width Provided (mm)
Applicable to Cigarette

Circumference Range (mm)
12.2 23.9 – 24.9
12.7 25.0 – 25.9
13.5 26.5 – 27.5

Major points to which special attention should be paid are as follows:

(1) Sampling, Conditioning and Selection of Test Cigarettes
- For each cigarette brand received, a composite of all packs shall be

prepared for conditioning. If a substantial period of time is expected to
occur between the times when cigarettes are smoked with the different
smoking regimes, then three separate composite samples shall be
prepared, one for each smoking regime.

- Test cigarettes sampled shall be conditioned more than 48 hours but
less than 10 days under the following conditions.

Temperature: 22 ± 1 OC
Relative humidity: 60 ± 3 %

Temperature and relative humidity of the conditioning enclosure shall be
checked and recorded for every smoking run.

- Test cigarettes to be smoked for the determination of NFDPM, nicotine
and CO shall be selected at random from the conditioned cigarettes.
Any cigarettes with visible defects (e.g. air leak, badly filled, etc.) shall
be discarded.

(2) Smoking Machine
A linear type smoking machine or a rotary type smoking machine shall be
used, if available. If an automatic RM200 rotary smoking machine is used,
the new modification kit proposed by Borgwaldt should be used when
available. Report the presence or not of this modification kit.

(3) Number of Cigarettes Smoked
For smoking regime #1, either fifty (50) cigarettes or sixty (60) cigarettes
shall be smoked for each test cigarette brand (depending upon smoking
machine type) according to the smoking plan shown in Table 4 or 5.
For a linear type smoking machine, 5 cigarettes shall be smoked per
smoke trap.
For a rotary type smoking machine, 20 cigarettes shall be smoked per
smoke trap.

For smoking regimes #2 and #3, thirty (30) cigarettes shall be smoked for
each test cigarette brand according to the smoking plan shown in Table 4
or 5.
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For a linear type smoking machine, 3 cigarettes shall be smoked per
smoke trap.
For a rotary type smoking machine, 10 cigarettes shall be smoked per
smoke trap.

(4) Smoking Plan

Table 4. Smoking plan for a 20-port linear type smoking machine

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 A B C D E F G H I J K L A B C D E F G H

2 I J K L A B C D E F G H I J K L A B C D
3 E F G H I J K L A B C D E F G H I J K L
4 B C D E F G H I J K L A B C D E F G H I
5 J K L A B C D E F G H I J K L A B C D E

6 F G H I J K L A B C D E F G H I J K L A

1

2

3

Smoking Port
Day Run

No.

Table 5. Smoking plan for a rotary type smoking machine
Run Sample Run Sample Run Sample Run Sample Run Sample
No. code No. code No. code No. code No. code
1 A 9 I 17 F 25 C 33 K

2 B 10 J 18 G 26 D 34 L
3 C 11 K 19 H 27 E 35 A
4 D 12 L 20 I 28 F 36 B
5 E 13 B 21 J 29 G

6 F 14 C 22 K 30 H
7 G 15 D 23 L 31 I
8 H 16 E 24 A 32 J

(5) Cigarette Holder and Smoke Trap
Cigarette holder and smoke trap (filter assembly) defined by ISO 3308 shall
be used.

(6) Butt Length
The butt length of each sample according to ISO 4387 is shown in Table 1.

(7) Air Velocity at the Cigarette Level
The mean air velocity at the reference position (see ISO 3308) shall lie in the
range 200±30 mm/sec, with air velocity at each individual port in the range
200±50 mm/sec.
Air velocity should be checked, and adjusted within the above velocity if
necessary, at least daily and recorded.
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(8) Smoking Conditions
- Ambient conditions

Temperature 22 ± 2 OC
Relative humidity 60 ± 5 %

- Puff volume As specified in Table 2
- Puff duration As specified in Table 2
- Puff frequency As specified in Table 2

Temperature, relative humidity and atmospheric pressure (if determine CO) of the
smoking environment shall be checked and recorded for every smoking run.

(9) Determination of TPM
The average amount of total particulate matter, TPM, for each smoke trap
expressed in mg/cigarette shall be calculated as the increase in weight of the
smoke trap before and after smoking.
Calculate the amount of TPM of each smoke trap in mg/cigarette to two decimals.

(10) Determination of Water and Nicotine
TPM collected on the glass fiber filter shall be dissolved in a solvent, and the
water and nicotine content in this solution shall be determined by gas
chromatograph in accordance with ISO 10362-1 and 10315, respectively.
Calculate the water and nicotine content in TPM per cigarette in mg to two
decimals.

(11) Calculation of Amount of NFDPM (Tar)
The amount of NFDPM for each smoke trap, expressed in mg/cigarette, is given
by the equation;

NFDPM = TPM - Ni - Wa,
where,

TPM is the amount of TPM expressed in mg/cigarette (two decimals).
Ni is the nicotine content in TPM expressed in mg/cigarette (two decimals).
Wa is the water content in TPM expressed in mg/cigarette (two decimals).

Calculate the amount of NFDPM per cigarette, in mg to two decimals, for each
smoke trap according to the above equation.

(12) Determination of CO
CO in the vapour phase of cigarette smoke shall be determined with a non-
dispersive infrared (NDIR) analyzer calibrated for CO in accordance with ISO
8454. Calculate the amount of CO per cigarette, in mg to two decimals, for each
smoke trap according to ISO 8454.
CO determination is encouraged, but it is optional.

4. Report of Test Results

Test results shall be reported electronically by floppy disk (3.5
inches/Windows/MS Excel) accompanied by printed copies of each



68

designated form. A floppy disk containing data sheets designated for each
report and is enclosed with this protocol. Note: To facilitate rapid
communication, electronic templates will also be e-mailed to each
participating laboratory when e-mail is available. Also, please e-mail all
results to borgerm@rjrt.com (M. F. Borgerding) as data becomes available.

Data Sheets for the CORESTA Alternative Puffing Regime Task Force –
Phase 1 Collaborative Study

Cover sheet
Sheet 1 (Regime #1): Equipment (ISO Smoking Condition)
Sheet 1 (Regime #2): Equipment (45/30/2 Smoking Condition)
Sheet 1 (Regime #3): Equipment (55/30/2 Smoking Condition)
Sheet 2L (Regime #1): Description of environmental conditions for a linear smoking
machine
Sheet 2L (Regime #2): Description of environmental conditions for a linear smoking
machine
Sheet 2L (Regime #3): Description of environmental conditions for a linear smoking
machine
Sheet 2R (Regime #1): Description of environmental conditions for a rotary smoking
machine
Sheet 2R (Regime #2): Description of environmental conditions for a rotary smoking
machine
Sheet 2R (Regime #3): Description of environmental conditions for a rotary smoking
machine
Sheet 3L(A) (Regime #1): Linear Test Results (Sample A)
Sheet 3L(A) (Regime #2): Linear Test Results (Sample A)
Sheet 3L(A) (Regime #3): Linear Test Results (Sample A)
Sheet 3L(B) (Regime #1): Linear Test Results (Sample B)
Sheet 3L(B) (Regime #2): Linear Test Results (Sample B)
Sheet 3L(B) (Regime #3): Linear Test Results (Sample B)
Sheet 3L(C) (Regime #1): Linear Test Results (Sample C)
Sheet 3L(C) (Regime #2): Linear Test Results (Sample C)
Sheet 3L(C) (Regime #3): Linear Test Results (Sample C)
Sheet 3L(D) (Regime #1): Linear Test Results (Sample D)
Sheet 3L(D) (Regime #2): Linear Test Results (Sample D)
Sheet 3L(D) (Regime #3): Linear Test Results (Sample D)
Sheet 3L(E) (Regime #1): Linear Test Results (Sample E)
Sheet 3L(E) (Regime #2): Linear Test Results (Sample E)
Sheet 3L(E) (Regime #3): Linear Test Results (Sample E)
Sheet 3L(F) (Regime #1): Linear Test Results (Sample F)
Sheet 3L(F) (Regime #2): Linear Test Results (Sample F)
Sheet 3L(F) (Regime #3): Linear Test Results (Sample F)
Sheet 3L(G) (Regime #1): Linear Test Results (Sample G)
Sheet 3L(G) (Regime #2): Linear Test Results (Sample G)
Sheet 3L(G) (Regime #3): Linear Test Results (Sample G)
Sheet 3L(H) (Regime #1): Linear Test Results (Sample H)
Sheet 3L(H) (Regime #2): Linear Test Results (Sample H)
Sheet 3L(H) (Regime #3): Linear Test Results (Sample H)
Sheet 3L(I) (Regime #1): Linear Test Results (Sample I)
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3. Choice of the number of cigarettes smoked per smoke trap for each
smoking regime applied in study and the number of replicate
determinations mandated are based upon several factors, including: (a)
available data regarding individual smoke trap collection capacity, (b)
consideration of linear and rotary smoking machine design characteristics,
(c) the fact that the fundamental purpose of the study is to compare
aggregate results from multiple laboratories and cigarette types to
evaluate the effect of different smoking regimes on smoke yields and (d)
an attempt to maintain consistency when possible for different smoking
machine types within a single smoking regime, as well as, consistency
across smoking regimes for a single smoking machine type. These
scientific considerations were also balanced against the practical
consideration of a large study scope, i.e., three smoking regimes and
twelve cigarette types in the study.
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Laboratory name

Person responsible for
testing

Address

Tel

Fax

E-mail address

Data Sheet for the 1st CORESTA Alternative Smoking
Regimes Task Force Collaborative Study

Any laboratory that could not follow ISO standards for laboratory’s own convenience is
requested to specify the deviations from ISO standards (any operating conditions not

specified in ISO standards) below.
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Laboratory name

Smoking machine
Model/Manufacturer

Gas chromatograph
Model/Manufacturer

Air flow meter
Model/Manufacturer

NDIR analyzer
Model/Manufacturer

Nicotine analysis Water analysis CO analysis

Column
J&W Scientific DB-WAX
2m x 0.18mm i.d., 0.3µm

film thickness

Supleco Porapak Q
6 feet x 1/8" i.d. (80-100

mesh)
Stainless Steel

Internal standard

Number of standards

Concentration of
standards

Sheet 1 Equipment - ISO Smoking Condition

Description of Test Equipment Used

Nicotine, Water & CO Analysis
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Laboratory name

Smoking machine
Model/Manufacturer

Gas chromatograph
Model/Manufacturer

Air flow meter
Model/Manufacturer

NDIR analyzer
Model/Manufacturer

Nicotine analysis Water analysis CO analysis

Column

Internal standard

Number of standards

Concentration of
standards

Sheet 1 Equipment - 45/30/2 Smoking Condition

Description of Test Equipment Used

Nicotine, Water & CO Analysis
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Laboratory name

Smoking machine
Model/Manufacturer

Gas chromatograph
Model/Manufacturer

Air flow meter
Model/Manufacturer

NDIR analyzer
Model/Manufacturer

Nicotine analysis Water analysis CO analysis

Column

Internal standard

Number of standards

Concentration of
standards

Sheet 1 Equipment - 55/30/2 Smoking Condition

Description of Test Equipment Used

Nicotine, Water & CO Analysis
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Temp
(

R.H. Temp
(

R.H. Atmospheric pressure
(kPa)*

1

2

3

4

5

6

Smoking machine

Sheet 2L Environmental Conditions for a linear smoking machine - Regime #1

Run
No.

Laboratory name

(kPa)* : 760 mm Hg = 1013 mbar = 101.3 kPa

If CO is tested, atmospheric pressure shall be measured and noted.

Date

Air flow at
cigarette level

across 20 ports
/sec

Conditioning
enclosure

Smoking environment
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Temp
(

R.H. Temp
(

R.H. Atmospheric pressure

(kPa)*

1

2

3

4

5

6

Run
No.

(kPa)* : 760 mm Hg = 1013 mbar = 101.3 kPa

If CO is tested, atmospheric pressure shall be measured and noted.

Date

Air flow at
cigarette level

across 20 ports
/sec

Conditioning
enclosure

Smoking environment

Sheet 2L Environmental Conditions for a linear smoking machine - Regime #2

Laboratory name
Smoking machine
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Temp
(

R.H. Temp
(

R.H. Atmospheric pressure

(kPa)*

1

2

3

4

5

6

Smoking machine

Sheet 2L Environmental Conditions for a linear smoking machine - Regime #3

Run
No.

Laboratory name

(kPa)* : 760 mm Hg = 1013 mbar = 101.3 kPa

If CO is tested, atmospheric pressure shall be measured and noted.

Date

Air flow at
cigarette level

across 20 ports
/sec

Conditioning
enclosure

Smoking environment
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Temp
(

R.H. Temp
(

R.H. Atmospheric pressure
(kPa)*

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Conditioning
enclosure

Sheet 2R Environmental Cond. for a rotary smoking machine - Regime #1

If CO is tested, atmospheric pressure shall be measured and noted.

Rotary type

(kPa)* : 760 mm Hg = 1013 mbar = 101.3 kPa

Laboratory name

Smoking machine

Smoking environment
Run
No.

Date

Air flow at
cigarette level

across 20 ports
/sec
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Temp
(

R.H. Temp
(

R.H. Atmospheric pressure
(kPa)*

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Date

Air flow at
cigarette level

across 20 ports
/sec

Conditioning
enclosure

Sheet 2R Environmental Cond. for a rotary smoking machine - Regime #2

If CO is tested, atmospheric pressure shall be measured and noted.

Rotary type

(kPa)* : 760 mm Hg = 1013 mbar = 101.3 kPa

Laboratory name

Smoking machine

Smoking environment
Run
No.
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Temp
(

R.H. Temp
(

R.H. Atmospheric pressure
(kPa)*

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

If CO is tested, atmospheric pressure shall be measured and noted.

Rotary type

(kPa)* : 760 mm Hg = 1013 mbar = 101.3 kPa

Laboratory name

Smoking machine

Smoking environment
Run
No.

Date

Air flow at
cigarette level

across 20 ports
/sec

Conditioning
enclosure

Sheet 2R Environmental Cond. for a rotary smoking machine - Regime #3
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 1

1 13

2 5

2 17

3 9

4 12

5 4

5 16

6 8

6 20

* Describe any circumstances that may have influenced test results.

Sheet 3L(A) Linear Test Results (Sample A) - Regime #1

Butt length (mm)State Express

Laboratory name
Smoking machine
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 1

1 13

2 5

2 17

3 9

4 12

5 4

5 16

6 8

6 20

* Describe any circumstances that may have influenced test results.

Sheet 3L(A) Linear Test Results (Sample A) - Regime #2

Butt length (mm)State Express

Laboratory name
Smoking machine
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 1

1 13

2 5

2 17

3 9

4 12

5 4

5 16

6 8

6 20

* Describe any circumstances that may have influenced test results.

Sheet 3L(A) Linear Test Results (Sample A) - Regime #3

Butt length (mm)State Express

Laboratory name
Smoking machine
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 2

1 14

2 6

2 18

3 10

4 1

4 13

5 5

5 17

6 9

* Describe any circumstances that may have influenced test results.

Sheet 3L(B) Linear Test Results (Sample B) - Regime #1

Butt length (mm)Marlboro KS

Laboratory name
Smoking machine
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 2

1 14

2 6

2 18

3 10

4 1

4 13

5 5

5 17

6 9

* Describe any circumstances that may have influenced test results.

Sheet 3L(B) Linear Test Results (Sample B) - Regime #2

Butt length (mm)Marlboro KS

Laboratory name
Smoking machine
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 2

1 14

2 6

2 18

3 10

4 1

4 13

5 5

5 17

6 9

* Describe any circumstances that may have influenced test results.

Sheet 3L(B) Linear Test Results (Sample B) - Regime #3

Butt length (mm)Marlboro KS

Laboratory name
Smoking machine
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22

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 3

1 15

2 7

2 19

3 11

4 2

4 14

5 6

5 18

6 10

* Describe any circumstances that may have influenced test results.

Sheet 3L(C) Linear Test Results (Sample C) - Regime #1

Butt length (mm)Gauloises Filtre

Laboratory name
Smoking machine
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22

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 3

1 15

2 7

2 19

3 11

4 2

4 14

5 6

5 18

6 10

* Describe any circumstances that may have influenced test results.

Sheet 3L(C) Linear Test Results (Sample C) - Regime #2

Butt length (mm)Gauloises Filtre

Laboratory name
Smoking machine
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22

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 3

1 15

2 7

2 19

3 11

4 2

4 14

5 6

5 18

6 10

* Describe any circumstances that may have influenced test results.

Sheet 3L(C) Linear Test Results (Sample C) - Regime #3

Butt length (mm)Gauloises Filtre

Laboratory name
Smoking machine



90

35

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 4

1 16

2 8

2 20

3 12

4 3

4 15

5 7

5 19

6 11

* Describe any circumstances that may have influenced test results.

Sheet 3L(D) Linear Test Results (Sample D) - Regime #1

Butt length (mm)Camel Medium

Laboratory name
Smoking machine
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35

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 4

1 16

2 8

2 20

3 12

4 3

4 15

5 7

5 19

6 11

* Describe any circumstances that may have influenced test results.

Sheet 3L(D) Linear Test Results (Sample D) - Regime #2

Butt length (mm)Camel Medium

Laboratory name
Smoking machine



92

35

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 4

1 16

2 8

2 20

3 12

4 3

4 15

5 7

5 19

6 11

* Describe any circumstances that may have influenced test results.

Sheet 3L(D) Linear Test Results (Sample D) - Regime #3

Butt length (mm)Camel Medium

Laboratory name
Smoking machine
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 5

1 17

2 9

3 1

3 13

4 4

4 16

5 8

5 20

6 12

* Describe any circumstances that may have influenced test results.

Sheet 3L(E) Linear Test Results (Sample E) - Regime #1

Butt length (mm)B&H

Laboratory name
Smoking machine
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 5

1 17

2 9

3 1

3 13

4 4

4 16

5 8

5 20

6 12

* Describe any circumstances that may have influenced test results.

Sheet 3L(E) Linear Test Results (Sample E) - Regime #2

Butt length (mm)B&H

Laboratory name
Smoking machine
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29

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 5

1 17

2 9

3 1

3 13

4 4

4 16

5 8

5 20

6 12

* Describe any circumstances that may have influenced test results.

Sheet 3L(E) Linear Test Results (Sample E) - Regime #3

Butt length (mm)B&H

Laboratory name
Smoking machine
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33

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 6

1 18

2 10

3 2

3 14

4 5

4 17

5 9

6 1

6 13

* Describe any circumstances that may have influenced test results.

Sheet 3L(F) Linear Test Results (Sample F) - Regime #1

Butt length (mm)Davidoff Light

Laboratory name
Smoking machine
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33

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 6

1 18

2 10

3 2

3 14

4 5

4 17

5 9

6 1

6 13

* Describe any circumstances that may have influenced test results.

Sheet 3L(F) Linear Test Results (Sample F) - Regime #2

Butt length (mm)Davidoff Light

Laboratory name
Smoking machine
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33

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 6

1 18

2 10

3 2

3 14

4 5

4 17

5 9

6 1

6 13

* Describe any circumstances that may have influenced test results.

Sheet 3L(F) Linear Test Results (Sample F) - Regime #3

Butt length (mm)Davidoff Light

Laboratory name
Smoking machine
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35

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 7

1 19

2 11

3 3

3 15

4 6

4 18

5 10

6 2

6 14

* Describe any circumstances that may have influenced test results.

Sheet 3L(G) Linear Test Results (Sample G) - Regime #1

Butt length (mm)Camel Light

Laboratory name
Smoking machine
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35

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 7

1 19

2 11

3 3

3 15

4 6

4 18

5 10

6 2

6 14

* Describe any circumstances that may have influenced test results.

Sheet 3L(G) Linear Test Results (Sample G) - Regime #2

Butt length (mm)Camel Light

Laboratory name
Smoking machine
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35

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 7

1 19

2 11

3 3

3 15

4 6

4 18

5 10

6 2

6 14

* Describe any circumstances that may have influenced test results.

Sheet 3L(G) Linear Test Results (Sample G) - Regime #3

Butt length (mm)Camel Light

Laboratory name
Smoking machine
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33

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 8

1 20

2 12

3 4

3 16

4 7

4 19

5 11

6 3

6 15

* Describe any circumstances that may have influenced test results.

Sheet 3L(H) Linear Test Results (Sample H) - Regime #1

Butt length (mm)R6 KS

Laboratory name
Smoking machine
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33

Run
No.

Port
No. Smoking date

TPM
(mg/cig.)

Water
(mg/cig.)

Nicotine
(mg/cig.)

NFDPM
(mg/cig.)

CO
(mg/cig.)

Puff
count Note*

1 8

1 20

2 12

3 4

3 16

4 7

4 19

5 11

6 3

6 15

* Describe any circumstances that may have influenced test results.

Sheet 3L(H) Linear Test Results (Sample H) - Regime #2

Butt length (mm)R6 KS

Laboratory name
Smoking machine


