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Background

Since the late 1960s, a number of national and international standards (FTC, 1SO, TI1OJ,
DIN, CORESTA) have been developed around the world for testing cigarettes by
machine smokingto determine * tar™, nicotine and carbon monoxide’ 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 afixed 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 ateration. Substantia time, effort and financial resource have
been committed by industry, government and commercial |aboratories 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 provincialy in British Columbia
and federally (27 - 29). Concomitantly, new smoking machine hardware designed for
flexible application across arange of possible smoking regimens has been introduced
commercialy 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
(82 - 36). A principal challenge and potential limitation of such studiesisthe 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.

' The des gnations ‘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.



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 SO 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. Thiswill 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 investigatorsis 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 compl eted.

Task Force Findings

The ASR task force has addressed the first objective, the development of correlation
modelsrelating ‘tar’, nicotine and CO yields between 1SO and representative aternative
smoking regimes, in two study phases. In thefirst phase, apilot study (ring trial) was
conducted to evaluate mainstream smoke ‘tar’, nicotine and carbon monoxide yields for a
limited number of cigarette brandssold 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 yieldsiswell understood. Increasesin puff volume, decreases
in the time between puffs and intentional blocking of filter ventilation each produces
significant increases in mainstream smoke yield. Changesin 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).



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 regul atory
standards. Regime #1 is specified in the |SO standard method for machine smoking of
cigarettes, regime #2 is mandated by the Commonwealth of Massachusetts and regime #3
isrequired in Canada.

Table 1. Smoking Regimes Studied by the ASR Task Force

Puff Puff Puff Vent
Smoking Volume Frequency* | Duration Blocking
Regime (cc) (s) (s) (%) Description

1 35 60 2 0 SO Standard

2 45 30 2 50 M assachusetts
“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
regimesto determine NFDPM, nicotine and CO yields. Subsequently, regression
anaysis employing alinear model was applied to mainstream smoke yield data from ~ 90
cigarette brandsto explore the rel ationships between smoking regimens for NFDPM,
nicotine and CO. Key findings include:

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

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

3. An*“adequate” functional relationship was not observed between 1SO (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.




(Thisfinding is not surprising, given that Regime #3 eliminates one cigarette
design feature, i.e., filter ventilation. With one design feature eliminated, the
bal ance between the remaining cigarette design features (e.g., thefilter, paper,
blend) isatered, 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 rd ationships 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.

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

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.

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.

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.

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 brandstested. 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, relationshipsbased 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 aspecific 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 asingle
grand model fit to all cigarettes tested.

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



4. When relationships were explored based on aspecific cigarette design feature
(i.e, tobacco blend), similar functiona relationships between 1SO (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 asingle
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 1SO (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 1SO (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 SO (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 1SO 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 alack 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 (s)
and reproducibility standard deviation (sg), and (c) explore potential data adjustments
intended to correct for interlaboratory variability due to alack of standardized, validated
testing methods. Findingsinclude:

1. Differencesin mean smoke yields were observed for the five smoking machine
types applied in the study. Smoking machine designs with alonger history of use
under standard 1SO 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 alonger history of use, with no consistent bias direction for the three
smoking regimes studied.

2. Repeatability standard deviation (s), an estimate of variability among replicates
run under controlled conditions in the same laboratory, and reproducibility
standard deviation (%), an estimate of variability among replicates run at different



laboratories, were determined for “tar,” nicotine and CO yield measurements
according to 1SO 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 al 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 SO 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. Analysisof 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 agiven vaue (e.g., agiven
NFDPM value) when the yield isproduced with a more intense smoking regime.
Therefore, agreater 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 1SO
standard based on more intensive smoking regimes and any new regulatory
ceilings established for product yields will have investigate and understand
differencesin variability associated with interactions between anal yte and
smoking regime.)

3. Dataadjustment to correct for interlaboratory variability due to alack 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 al laboratoriesin 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 |aboratory were adjusted
by subtracting the intercept and dividing by the slope of the modé fit for that
laboratory) reduced unexplained interlaboratory variation, making values at
different laboratories more consistent. Adjustment of |aboratory 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 alack 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
Analytestask forceis 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 (1SO) as the intended scope of application.



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 aso 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 instancereview the literature to identify gaps in the current knowledge
base.

Review of the literature confirms that ASR task force Objective #2, “... Thiswill 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 severa different global markets and, in some instances,
have produced constituent smoke yield data using alternative smoking regimes. Whilein
the absence of standardized, validated test methods the results of such studies cannot be
viewed as “unequivocally accurate” studies conducted in asingle laboratory do provide a
reasonable basis for product comparison within the study.

Phase 1 Study

The Phase 1 (pilot) study provided afirst opportunity for many of the participating
laboratories to determine smoke yields when cigarettes are smoked in a non-standard
manner (i.e., asmoking regime other then the ISO regime), in addition to providing initia
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 afinal capability
and viability check.

Protocol. ThePhase 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 areasonable
period of time) with scientific robustness (numbers of ports per smoking regime,
replications, etc.). The pilot study protocol was devel oped 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 arange 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 vyields found
in the European market at the time of the study (1ISO NFDPM yields from 1 to 12 mg/cig)
and (c) typical product designs. In addition to the smoking regimes and cigarette brands




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 Sample Description I\”I:eI\D/(I;)INI Iee;ll;]ttth Circumference

code (mg/cig.) | (mm) (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

CORESTA Approved

L Mot o3 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. Todevelop functional relationships between the two aternative 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 1ISO
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 RM20°, RM 200, SM400, and
ASM500. The KC Automation 10-port smoking machine was used by asingle
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, afifth “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 determineif theKC
Automation machine performance was consistent with the SM400 smoking machines.

While many procedures have been developed to identify outliersin adata set, 1SO 5725-
2 specifically recommends the use of Mandel chartsfor visualization of outlier
|aboratories across samples, and Cochran’ s test and Grubbs' test for identification of
outlier laboratories for individual test sasmples. Mandel charts present normalized mean
and sample standard deviation valuesfor all laboratories for all test samples, with linesto
indicate statistically significant outlier laboratories. Based on these charts, all datafrom a
laboratory may be excluded if the analyst judges that alaboratory 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
brandswith 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. 1f no assignable cause was
identified, the port was excluded from further statistical analysis (14 portsin total were
excluded). For linear machines, the ten individual port values exhibited a wider range for
some laboratories than for others. When awider 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
aport (in total, two individual ports were excluded based on this criteria). All six
analytical endpoints were dropped for excluded ports. In addition, all CO datafrom 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 retai ned.

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

3RM20 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’stest 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
ASMB500, critical values for outlier |aboratories 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 1SO 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 |aboratories), while reproducibility standard deviation is an estimate of
variability among replicates run at different |aboratories. These quantities were estimated
for each sample after the exclusion of outliers, as described in 1ISO 5725-2. The
estimation of repeatability standard deviation and reproducibility standard deviation uses
a“method of moments’ variance components analysis.

SO 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 1ISO 5725-2. These
modelswere fitted to mean and standard deviation estimates for al 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 endpointsto 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 atwo-way model with cigarette brand style and test instrument,
followed by post hoc pair-wise Tukey’ stests 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 generaly
consistent across cigarette brand styles.

In order to examine the relationship between yields of NFDPM, nicotine and CO under
aternative smoking regimes to those of the standard |SO regime, linear and quadratic
regression modelswere fitted to the means of these analytical endpoints across all
laboratories. The improvement in the error sum of sgquares obtained by adding the
guadratic term to the model was cal culated 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 Ingtitute, 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
genera 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, athough 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 al 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 isincreasing 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 Smol_<ing Average of All Minimum Maximum
Regime Brands (Single Brand) | (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 47 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 CM 3 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 aso 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 arelatively 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, itis
also important to consider the extent of agreement, or difference, observed for the various
smoking machine types employed in the Phase 1 study. Differencesin smoke yields, if
found, would potentially guide the design of a Phase 2 study, a study intended to address
abroader range of cigarettes In such astudy, 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. Differencesin smoke yields were observed for the five
smoking machine types used by Phase 1 participants. A post-hoc Tukey’ stest (Appendix
4, Table 3) identified smoking machine types that produced equivalent yields for each
smoking regime. In genera 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. Howeve