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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

In':ternational Standards are drafted in accordance with the rules given in the ISO/IEC Directiyes, Part 2.

Thie main task of technical committees is to prepare International Standards. Draft-Int¢rnational
Stgndards adopted by the technical committees are circulated to the member‘bodies fpr voting.
Puplication as an International Standard requires approval by at least 75 %,6f the memHber bodies
casting a vote.

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copsidered to be no longer valid or useful.

Atfention is drawn to the possibility that some of the elements of this document may be the|subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISQO/TR 17219 was prepared by Technical CommitteedSO/TC 126, Tobacco and tobacco produgts.

© IS0 2013 - All rights reserved v
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0 Introduction

0.1 Editorial comments

This Technical Report is based on the report of the ad hoc Smoking Behaviour Review Team to
ISO/TC 126. To meet ISO Central Secretariat requirements for Technical Reports the following editorial
changes have been necessary.

— The Executive Summary has been made into a Conclusion.

— ‘Scopf”and Abbreviated terms’ clauses have been added.

— The BRibliographies that appeared at the end of each chapter in the original report hdve bgen
combjned at the end of the Technical Report. Some footnotes have been replaced by notes:inrthe text
or by [reference to the Bibliography.

— ISO Technical Reports are a work product of an ISO Technical Committee and as'such do not hgve
namefd authors.

— In thd Introduction some repetition has been removed (two paragraphs des¢ribing the preparation
of thelreport have been combined) and one paragraph was moved as a eonsequence.

0.2 Bgckground

Smoking machines for measuring cigarette smoke yields were ifiitially developed in the 1930s. The
35 ml puff volume currently used in both the International Organization for Standardization (ISO) gnd
US Federall Trade Commission (FTC) methods was originally preposed by Bradford in 1936. Throughgut
the 19509 and early part of the 1960s various smoking machines were developed each using a sef| of
parametel's to define how the cigarette was smoked. Examination of the data showed that smoke yie|ds
were depéndent on the smoking parameters used in the‘'methodologies.

In 1966 the FTC in the US proposed a standardised machine smoking method with a smoking regime
of 35 ml puff volume, 2 s puff duration and one(puff per min. The rationale for adopting a standardiged
smoking fegime was outlined in an FTC press’release issued in 1967. The FTC stated that the method
enabled products to be ranked in terms‘of their tar and nicotine yields. They also claimed that the
yields obtpined using their method wouldnot provide individuals or groups of smokers with the precfise
amounts ¢f tar or nicotine they would‘obtain from cigarettes. This limitation of the FTC method ariges
because snokers exhibit a wide range of smoking behaviour characteristics while the smoking machlne
uses a fixg¢d standardised smoking regime.

Other natjonal standards ifistitutes had developed machine smoking methods in parallel to the activitjies
in the US. Most of these.adopted the 35 ml puff volume, 2 s duration and 1 puff per min regime, but thé¢re
were diffdrences betweéen the various methods in factors such as butt lengths, type of smoking mach]ne
used, and|the method of collecting smoke.

By the enfl of:the"1980s a number of standardised machine smoking methods were in use worldwife.
These included FTC, ISO and CORESTA methods, and methods used by the standards authorities in the
UK, Gerllldu_y, CdlldL‘ld, Aubtl dhd, I‘IBW Zﬁdldlld dllL‘l jd[.)dll. Ill 1988 ISG lﬁLUllllllb‘llL‘lUL‘l LhdL d delldc I‘d
worldwide smoking method was needed and they asked CORESTA to conduct the experimental work
necessary to produce and validate a revised standard method. A comprehensive series of studies were
subsequently conducted by CORESTA and a revised ISO method was introduced in 1991.

The ISO standard method is now used worldwide with the exception of the US and Japan. However, both
the FTC method in the US and the Japanese standard method are very similar to the ISO method.

Periodically, the parameters used in the standardised machine smoking methods have been criticized
for not being representative of the behaviour parameters produced by smokers. Critics have raised the
following points.

— Many human smoking behaviour studies show that many smokers take larger and more frequent
puffs than the standardised smoking machine.

vi © ISO 2013 - All rights reserved
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As aresult of their more intensive puffing behaviour smokers may obtain higher smoke yields than
those reported using standard methods.

Some smokers have been observed to alter their smoking behaviour when switching to a lower yield
cigarette e.g. increasing puff volume. This phenomenon is frequently referred to as “compensation”.
All cigarettes are tested using the same parameters under the ISO/FTC method. Consequently,
declared ISO/FTC yields would provide misleading information to smokers on the ranking of brands
by smoke yields if they compensate to such an extent thatrank order of yields is no longer maintained.

The filter ventilation zones are unblocked when cigarettes are smoked using the ISO and FTC

methads However smaokers may block some of the ventilation holes with their Fingnrc or hps when
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smoking. Ventilation hole blocking may result in increases in smoke yields.

e WHO formed a group called the “WHO Study Group on Tobacco Product Regulation” |(TobReg).
ring the first meeting of the TobReg group in October 2004 there was a discussion betwe¢n TobReg
mbers and representatives of ISO including the Secretariat of ISO/TC 126,TobReg explressed its
w that “the current ISO standard for machine measurement of cigarette emissions is not a valid means
romparing different brands of cigarettes relative to their emissions, humaf.exposures that result from
ir use, or for purposes of regulation”. TobReg requested that ISO modify(the ISO machine stagndard for
asuring cigarette emissions.

presentatives from the WHO Tobacco Free Initiative and TobRegwere invited to present their views
the ISO method at the annual meeting of ISO/TC 126 in Geneva in 2004. It was decidefl that the
owing actions should be taken:

To consider an amendment to the scope of [SO 4387.

To review worldwide human smoking behaviourfdiptake studies, and smoking methods in order to
advise ISO/TC 126.

Based on the review outline in 2) to consider the development of a robust and practicall smoking
regime that as far as possible is representative of smokers’ behaviour and that has gcceptable
reproducibility and variability.

To report back to ISO/TC 126 with any proposals for a new work item.
] Mandates

/TC 126 proposed the(formation and approved the membership of the present ad hoc group and
bpared a detailed statement of work for that group. The purpose of the work was defined a$:

Identify one ordmore sets of values for smoking machine parameters for additional methqd(s).

Propose niachine smoking methods(s) more relevant to smoking behaviour which coyld reflect
maximunyyields.

Theéexisting ISO methods should be retained and evaluated as giving lower yields.

1y

2)

3)

4)

rence.

To review worldwide human smoking behaviour documentation, uptake studies and smoking
methods to advise ISO/TC 126.

To report maximum and minimum values for puff volume, puff duration, puff frequency, ventilation
blocking, butt lengths and other parameters.

To recommend one or more sets of parameters for potential new practical machine smoking regimes
in addition to the existing ISO standard (ISO 3308).

To identify gaps in existing knowledge.

0.4 Ad hoc Smoking Behaviour Review Team, ISO/TC 126

©lI
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This report is the joint effort of the Smoking Behaviour Review Team members. The report begins with
an Executive Summary outlining the recommendations of the ad hoc group. The Executive Summary
was authored collectively by the ad hoc group. Each member of the ad hoc group prepared a chapter that
addresses the issues named in the mandate.

The Executive Summary includes:
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1fluences. Finally, puffing parameters differ over&he course of a single cigarette. For exam
hay take larger and more frequent puffs at thé beginning of a cigarette and smaller and 1

frequent puffs toward the end of the cigarette. It is alsé possible that blocking of filter ventilation ho

differs ov
puffs are
through t

er the course of smoking a single cigarette: Specifically, vent blocking may occur when so
faken but not others. Thus the provisions of machine standards where all puffs are identi
e entire cigarette rod, the intervals-bétween puffs are identical, the vent blocking is const{
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Review of human smoking behaviour and
recommendations for a new ISO standard for the machine
smoking of cigarettes

1 _Scope

ThIis Technical Report was prepared by an ad hoc Smoking Behaviour Review Team to\ad

dress the

folJowing terms of reference:

a) | toreview worldwide human smoking behaviour documentation, uptake studiesand smoking methods;

b) | to report maximum and minimum values for puff volume, puff duration, puff frequency, entilation

blocking, butt lengths and other parameters;
c) | torecommend one or more sets of parameters for potential new practical machine smoking regimes
in addition to the existing ISO standard (ISO 3308);

d)| to identify gaps in existing knowledge.

2 | Abbreviated terms

Avg Average

CORESTA Centre de Coopération pour les Recherches Sci¢ntifiques
Relative au Tabac

DoH Department of Health (formerly known as DHSE)

DHISS Department of Health and Social Security

FTLC Federal Trade Commission

Ind. Individual

RH Relative Humidity

Rup The smoking run that the cigarette was smoked in

Tat Nicotine Free Dry Particulate Matter (NFDPM)

Tigping Overwrap - i.e. the wrapping material applied to the
mouth end of the cigarette

TNCO Tar, nicotine and carbon monoxide

TSNAs Tobacco specific nitrosamines

UKAS United Kingdom Accreditation Service

USPO United States Patent Office

Yield The concentration of analyte measured in the smoke
(normally per cigarette) when smoked in a prescribed
manner

© IS0 2013 - All rights reserved 1
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cig-1

CV(%)

per cigarette

Coefficient of variation (relative standard deviation)

3 Smoking machine regimes

3.1 Abstract

The way that a human smokes a cigarette is extremely variable. Two smokers picked at random will

probably fiot smoke the same brand of cigarettes in the same manner. A single individual will smoke t

cigarettes
Even duri

the smoking process on that same cigarette, e.g. reducing puff volume towards the end of smoking {

cigarette.

smoking lpbehaviour. The best that can be achieved is to design a smoking regime with"a fixed sef]

paramete
diversity
regimes t

of the same brand differently depending on a whole range of factors, e.g. on the time lof-d
hg the time it takes to smoke one cigarette a single smoker may change his behaviour.dur

Therefore it is not possible to develop a smoking regime which is capable of mimicking hum
s to achieve reproducible results that is loosely based on human smoking behaviour. ]

bf smoking behaviour allows plenty of scope for the development of a wide range of smok
hat can claim to be representative. An additional complication is that smoke yields of {

nicotine

arguably had a significant effect on human smoking behaviour.

This Techpical Report looks at current smoking regimes, why they-are used, what are the import:

paramete
yields for

— the pyirpose of a smoking regime;

— the d{
and M

— paran

— smok
smok

— the uj
yieldg

3.2 Ger

This repo
have deve
smoking 1

d carbon monoxide have decreased for many brands over the lastfew decades and this }

s that need to be controlled and how good are the regimésat determining reproducible smd
tar, nicotine and carbon monoxide. In particular this Technical Report looks at:

assachusetts;
neters that need to be controlled as partof a smoking regime;

ng machines — what are their limitations and how practicable would it be to develop a n
ng regime;

e of smoking regimes forgproducts other than cigarettes and in the determination of analj
other than tar, nicotin€ anid carbon monoxide.

jeral

loped sincétesting of cigarettes began, (c) current smoking machine regimes and (d) curr
nachine.capabilities.

3.3 Whly have a smoking regime?

Ivo
ay.
ng
he
an

of
he
ng
ar,
1as

int
ke

velopment of the four major smoking regimestthat are used today: ISO, FTC, Canadian Intense

%)

yte

-t looks at why(a) smoking regimes are used, (b) a history of how smoking machine reginpes

ent

Testing of cigarettes began many decades ago. “...some of the first workers to attempt to define a standard
puff volume were Pyfl and Schmidt[3] in 1933. From measurements made on seven different smokers,
they recorded a mean puff volume of 40 cm3 (ml) of 2 s (second), taken twice a minute”[4].

It would have soon become apparent that smoking machine parameters needed to be controlled if
reproducible results for smoke yields were to be obtained. The current list of primary parameters that
are controlled include:

— puffvolume;

— puff duration;

— puff frequency;

© ISO 2013 - All rights reserved
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— buttlength (at which smoking should cease).

In addition other factors should be controlled to obtain reproducible results within and between
laboratories when using the same analytical method. They include:

— conditioning of cigarettes;
— environmental conditions in which the smoking is performed;

— air flow across the cigarette;

— rimsertiomdeptirof the cigaretteinto the holder;
—| puffprofile —thisis ameasure of puffflow rate — beinga combination of puffvolume and puff duration;
—| type of trap;

—| representative sample;

—| ventblocking (yes/no).

3.4 What was the original reason for testing cigarettes and how were parameters selected?

Onle of the original reasons for testing cigarettes was to compare smoke yields from different cigarette
brands. It was obvious from the beginning that:

a) [ smokers can smoke different brands of cigarettes in different ways;

b) | a smoker smokes the same brand of cigarettes differently during the day. For example, jone study
found that “... smoking in situations that caused physical stress (e.g. when waiting) resfilting in a
shortening of puff interval (35 s instead of 43's)"[5];

c) | a smoker often changes the way the gigarette is smoked during the smoking process| the most
common observation being that puff\wolume and duration decreases as the cigarette {s smoked
whereas puffinterval increases. This might be due to satiation of the nicotine cravingand ap increase
in “smoke concentration” as the)cigarette is smoked by the consumer. However, Buzzi “concluded
that the sensory consequencés of the physicochemical changes in smoke composition befween the
first and last puff or othek:as yet unknown psychological factors are more likely candidates than
nicotine satiation for explaining the typical changes in puffing behaviour along burning time of a
cigarette.”[6]

Thierefore, it was apparent that the parameters selected to operate a smoking machine would have to be
a domposite as itévas not practicable to replicate human smoking behaviour.

3.4.1 Development of the ISO smoking regime

JogeplrJohnson gives a good summary of how some of the early parameters for the ISO smokipg regime
wegréarrived at.

“In 1961, observations were made on 312 UK smokers by Research Services Ltd on behalf of the Tobacco
Manufacturers Standing Committee. The average values from one cigarette type were found to 14 puffs,
12 min bare time, a frequency of 1,17 puffs per min and a buttlength of 18 mm. When the same cigarette
type was smoked on a machine it was found thata 25 cm3 (ml) puff volume of 2 s duration taken once per
minute gave an alight time of 12 min and a butt length of 18 mm.[7] These parameters were considered
to be realistic and were adopted as the UK standard. During the same time period some other countries
had standardised on the 35 cm3 puffalthough a 40 cm3 puff was used in the Federal Republic of Germany
and Romania.[8]

In 1969, on the initiative of the German Institute for Standardization (DIN), a Technical Committee on
Tobacco and Tobacco Products was formed.[9] One of the first actions of this group was to recommend
the 35 cm3 puff volume of 2 s duration taken once a minute as standard — largely because most of the

© IS0 2013 - All rights reserved 3
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participating laboratories had a substantial amount of data based on this regime”[4]. As a result of this
recommendation the puff volume in the UK standard method was changed to 35 ml in 1970.

3.4.2 Development of the FTC smoking regime

The original methods for measuring tar and nicotine yields in cigarette smoke came from a variety of
sources: “In 1936, the American Tobacco Company began using standard machine smoking conditions,
which, to some extent, reflected the smoking habits of cigarette smokers at that time. The estimated
sales-weighted average nicotine yields of the cigarettes smoked at that time were around 2,8 mg”[10],
By the early 1960s, different manufactures were using varying methodologies to obtain tar and nicotine
smoke yidlds which meant that the results were not very comparable. Something needed to be don€ to
sort the situation out.

The FTC prohibited manufacturers making claims about tar and nicotine yields that ceuld not|be
substantifited by competent scientific proof. However as evidence grew about the potential harmiful
effects of[smoking cigarettes, it was felt that consumers should be provided with information abgut
tar and nifotine yields. This would enable them to choose a brand with e.g. a lower tar'yield. Therefdre,
there wag a requirement to establish a standardised testing protocol for assessing tar and nicotlne
smoke yidlds.

One of the earliest collaborative studies of a smoking method took place in"1964 and was based [on
work carrjfied out by laboratories from the tobacco industry. Dr Ogg who worked for the US Departmént
of Agriculture acted as the convenor. Cigarettes were conditioned for:24 h at 75 °F (23,9 °C) and 60 %
Relative Humidity and 5 cigarettes were smoked per channel with apuff volume of 35 ml, a puff duratfon
of 2 s and|a puff frequency of 60 s.[11] TPM yields ranged from around 35 mg cig-1 down to 20 mg cig-1
and nicotine yields from 1,8 mg cig-l down to 1,1 mg cig-l. In 1967, the FTC cigarette laboratory began
operationk based on Dr Ogg’s work and the methodology ad@pted was to take one puff of two seconds’
duration dnd 35 ml puff volume every minute. [t was reported (Chapter 2 — Monograph 7 — FTC cigarette
test meth¢d[12] that Harold Pillsbury had asked Dr Ogghow he had come up with the specific parameters
of the collaborative trial protocol. He replied that they had been based on personal observations and
since therf was no such thing as an average smoker) he had selected parameters that seemed reasonaple
in light of|his observations.

“In 1980 the protocol was broadened to in€lude measurement of the carbon monoxide yields as well”[}2].

3.4.3 Development of the Canadian Intense smoking regime

It was of cpncern to many that the ISO smoking regime produces yields on the low side of what a “typidal”
smoker cdquld be reasonably eéxpected to inhale. Work had been carried out by Labstat Inc. for the FedeJral
Governmgnt of Canada todeok at the effect of different smoking parameters on analyte yield. In gne
study: “Tlree levels of-8ach of five smoking parameters: butt length, puff duration, puff interval, puff
volume, ahd ventilation occlusion were examined, and the effects on puff number and total particulate
matter (TPM) as well as gas phase, particulate phase, and total HCN yields were estimated”[13]. Baged
on these Investigations, the legislators in the Canadian province of British Columbia proposed that a
smoking ttegifné be introduced with a 56 ml puff volume and a puff frequency of 26 s.[14] In additjon
ventilation holes on the filter would be fully blocked. It was felt that this regime would produce yie|ds
that would be more representative of maximum intake by the smoker. At a later date, the parameters
were modified to 55 ml puff volume and 30 s puff frequency and adopted at the Federal level in Canada.

3.4.4 Development of the Massachusetts smoking regime

In 1996, the director of the Massachusetts tobacco control program proposed regulations which would
require tobacco companies to report accurate nicotine ratings for cigarettes. Additional testing of
cigarettes was to be performed when determining nicotine yields using different puff volumes and
frequency and requiring some form of vent blocking. This was part of a strategy to provide meaningful
cigarette labelling.

The original intention was to choose two sets of smoking machine parameters that better represent (a)
what an “average smoker” might inhale and (b) maximal yields that a “heavy smoker” might produce.

4 © IS0 2013 - All rights reserved
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The “average smoker” regime may have been based on a proposed specification change to the FTC
protocol. The proposed regulations were revised before coming into force in 1997 and the “heavy
smoking regime” was dropped.

3.4.5 Deciding on a suitable butt length

Many surveys of buttlengths have taken place and the measurement of buttlengths can be done precisely
so that an accurate mean can be produced. However, smokers are less obliging in their smoking and a
wide range of values have been found. In one study, a mean butt length of 22,1 mm was found for filter
cigarettes (1959) in West Germany but 10 years later another study found the length to be 30,6 mm for
th¢ same country. The authors found that "There are significant differences in butt Iength fot different
se¢tions of the population, e.g. sex, place, occupation, geographic location, and economic-cpnditions,
brand, etc.”[5]. Not surprisingly early smoking regimes often used different butt lengthsy Harmonization
of ptandards has reduced the number of alternatives and improved precision of smoke yieldg obtained
byla smoking machine. However, it might be argued that this is at the expense of flexibility|to reflect
what happens with smoking behaviour in different parts of the world.

3.4.6 “Early smoking machines”

It lhas been reported that some of the very early smoking machines dséd a column of water tg generate
the puff and that termination was done manually by removal of thetburning cigarette when the glowing
coql reached a certain point on the cigarette. A patent for a smoking machine was registeregl with the
USPO as far back as 1941 and was based on a suction pump Which pulled smoke from the cigarette
anfl then, by means of a mechanical valve and gears, directed the cigarette smoke into a ga analyser
chamber on the exhaust stroke of the pump. The puff duration was 2 s and the frequency was gnce every
30[s. Alas the puffvolume does not seem to be given inthe patent. Another patented device wag designed
to pompare different types of cigarettes, e.g. plain afidfiltered brands.[15] By 1969, a recognizaple rotary
mdchine had been patented and had been designed so that all the first puffs from a set of figarettes
wduld be collected on one filter, all the secondapy puffs on another filter, and so on.[16]

3.4.7 Selecting appropriate parameters

The selection of suitable values for smoking machine parameters was largely a pragmatic exerfise based
on|a few smallish surveys of smokers and taking into account smoking machine capabilitie$ which at
thqt time were fairly limited. Advances in technology, developing knowledge of the analytical method,
mdthod validation and collaborative studies led to the introduction of standards to allow for copditioning
of figarettes, setting up,the-smoking machine to produce a bell shaped puff profile (some of the original
mdchines worked onsconstant flow rather than constant volume), etc. The desire to measyre smoke
yiglds consistentlyandthe additional requirement to determine carbon monoxide yields meant that air
flows needed to beycontrolled and to this day there is a slightly different approach between I§0 and the
FTIC as to the best way of achieving this.

For ISO smokKing conditions, an airflow meter is placed in the position where a cigarette wpuld burn
within the'smoking fume hood. The standard requires an air velocity value of 200 mm s-1 + 50 mm s-1
per imdividual channel and a mean of 200 mm s-1 + 30 mm s-1. FTC smoking airflow is set at the[minimum
required—to—remove—side cam-—smekewithout appreciably inereasing static burn rata This can be
checked with a reference cigarette, e.g. Kentucky Reference 2R4F, which would be smoked to determine
the proper airflow rate had been set by comparison to historical control data.

3.4.8 Therequirement for reproducible results

The early selection of methods and smoking regimes had been done on an individual country basis.
ISO asked CORESTA to carry out method validation studies and collaborative trials to improve and
standardize the method. Following on from this work a set of ISO standards were issued in 1991, e.g.
Determination of total particulate matter ..... using a ... smoking machine.[17] The adoption by the
European Economic Community of a 15 mg “tar” ceiling on all cigarette brands sold in 1993 in Europe
meant that (a) laboratories from different countries would need to use the same validated method to
determine the tar and nicotine yields in cigarette smoke and (b) the method had to be reproducible — it
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would not be acceptable for a cigarette brand tested in the UK to pass yet the same brand/production
batch tested in Germany to fail.[18]

The work by CORESTA demonstrated the need for laboratories to have good Quality Assurance
procedures, for example accreditation under ISO/IEC 17025[1 by a national “authorative body”
(e.g. UKAS). Laboratories also needed to show their methods are reproducible by e.g. taking part in
a proficiency testing scheme. The latest set of results from the South East Asia Collaborative Study
(Round 12,2004, 49 participants) showed that mostlaboratories can achieve good smoke nicotine yields
(in terms of repeatability and reproducibility) when smoking the CORESTA CM4 monitor cigarette using
[SO standards. The yearly CORESTA collaborative trials shows that there has been an improvement
with tim tabit i i i i en
participants (e.g. the harmonization of air flows for different types of smoking machines).

3.4.9 How was the data to be used?

When theg ISO smoking regime was first introduced, cigarettes were markedly different from those
manufactfired today in terms of smoke yield. In the 1972 UK survey of about 110 cigarette brands,|19]
only 5 brinds had a tar yield of less than 10 mg/cig. (the current maximum permitted yield in the
European|Union) and 10 brands exceed 30 mg/cig. — the highest being 38 mg/eig, Plain cigarettes were
much mote prevalent, filters were relatively simple devices and filter ventilation was in its infancy|—
the medign tar value was 20 mg/cig. The purpose of testing cigarette brands was to allow ranking of
brands and provide consumers with information to make a choice. Information provided from the JK
study inclpded the following:

“The brands are listed in the order of “tar” yield ....Differences between brands of up to 2 mg of “tar” dan
generally pe ignored....There are good grounds for believing that'those smokers who choose to contirfjue
smoking gre rather less likely to damage their health if they.§&moke cigarettes with a low “tar” yield.”|19]

It was realized with time that the parameters chosen were'not “... reflecting average human behaviour gnd
leading to published yields universally under estimating¥yields actually obtained by the average smoker”.|19]

The respohse from the UK Department of Health (DHSS) was “... that values presented in tables ... have neyer
been inter]ded to be actual yields obtained by any-one smoker. Rather, they enable brands to be ranked.”[20]

Similar pqints had been previously made in‘the 1967 FTC press release in the US stating the purposg of
the FTC njethod:

The test miethod was not designed “to determine the amount of “tar” and nicotine inhaled by any human
smoker, bfit rather to determine)the amount of tar and nicotine generated when a cigarette is smoKked
by a machine in accordance‘with prescribed method.” 19 The objective was to provide smokers wijith
informatipn that would allew them to switch to a lower tar brand.

3.4.10 The problemvof using the data in a meaningful manner

In 1994 the ETE€ method was reviewed by an ad hoc expert committee which made sevefral
recommenddtions and comments about the difficulty of using smoking machine data effectively|
informin i i i i i

“The question involved in the purpose, methodology, and utility of the FTC protocol are complex medical
and scientific issues that require ongoing involvement of Federal health agencies, including ....”

“A reduction in machine-measured tar yield from 15 mg tar to 1 mg tar does not reduce relative risk
from 15 to 1”.

“Information from the testing system is useless to smokers unless they have ready access to it.”
“The available data suggests that smokers misunderstand the FTC test data”.

It should be remembered that smoking yields vary with the design of the cigarette and under the
conditions in which the cigarette is smoked. This variation is complex and so cannot be accurately
predicted from a single smoking regime.
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3.5 What are smoking regimes currently used for?

The smoking regimes are used for several different purposes:

a)

b)

d)

f)

g)

Manufacturers use the smoking regime to determine e.g. tar, nicotine and carbon yields in cigarette
smoke when the product is smoked to the prescribed conditions. This information is used to make
a declaration about the product. In the European Union, there is a requirement to print the tar,
nicotine and carbon monoxide smoke yields on the side of the packet. In some countries there
is an agreement to declare other analyte yields in cigarette smoke; e.g. in Canada there is now a
requirement to declare benzene, formaldehyde and hydrogen cyanide yields.

Regulators use the smoking regime to verify the packet declaration. In additionf>*cpunterfeit
cigarettes are a significant problem in some countries. Regulators use the smoking-regime to test
the suspect goods with a view to putting the counterfeiter on trial for making a false'declaration.

Public health bodies use data obtained from testing cigarettes to disseminaterinformation about the
risks of smoking cigarettes. In many countries, legislators have established a\regulatory limit above
which cigarette smoke yields must not exceed when smoked under presgribed conditiony.

Manufacturers use the smoking regime to compare brands in terms pgfsmoke yields. This information
is put on the side of the packet and until recently often with a.descriptor (e.g. “lights”) [to tell the
consumer something about the product. Which smoking regime (if any) is most apprgpriate for
ranking brands and how the information can be presented in-a meaningful way to consyimers is a
contentious issue between manufacturers’ and health authorities at the present time.

Manufacturers use the smoking regime to evaluate the effect of product design. For exgmple, if a
new type of filter is introduced, then a manufacturer will test the product to see what efffect it has
on TNCO yields. Using a range of smoking reginies allows the manufacturer to explore the effects
of changes in cigarette design on smoke yields-under different conditions. If the smokinig regimes
chosen reflect e.g. common and maximummoking parameters then the test results progluced will
lead to a better understanding of how huiitan smoking behaviour influences smoke yields.

Manufacturers use the smoking reginte as part of their Quality Control, to ensure that ¢hanges in
tobacco blend or the manufacturing process does not have a significant effect on the product.

Manufacturers and others[22] have used smoking regimes to determine a range of analytp yields in
cigarette smoke. The restilts can be used in many ways, e.g. (a) comparison of analyte yields (e.g.
carbon monoxide and benzene) from one brand of cigarette; (b) ranking of brands by analyte yield
and (c) comparison,ef analyte yields when using different smoking regimes.
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Table 1 — Smoking regimes in use today

min 2, max 10d

min 1, max 14 d

Regime ISO a FTC Massachusetts Canadian Intense
No. of cigarettes smoked Max TPM
per pad 30 mg cig1
Linear (44 mm @) 5 5 3 3
Rotary (92 mm @) 20 20 10 10
Puff volume 35ml+0,3ml 35ml+0,5ml 45ml + 0,5 ml 55ml+0,5ml
Puff duration 2s+ 0,05s 2s+0,05s 2s+0,05s 2s+0,05s
Puff frequency 60s+0,5s 60s+0,5s 30s+0,5s 30s+0,5s
Ventildtion holes Open Open 50 % blocked 100 % blocked
Conditionipg atmosphere 60 % RH =3 % RH 60 % RH =2 % RH 60 % RH =2 % RH 60 % RH +8% RH
22°C+ 1°C 239°C+1,1°Cb 239°Cx1,1°C 22°C*[L°C

min 1, max 14 d

min 2,)max 10 d

Smoking pnvironment

60% RH+5% RH

60 % RH +3 % RH

60 % RH + 3 % RH

60 %,RH + 5 % RH

22°C+2°C 239°C+2°C 239°C+2°C 22°Cx2°C
Aif flow Sufficient to exhaust Sufficient to exhaust 200 + 50 ml min-1
Lineaf ind. Port 200 + 50 ml min-1 smoke - about smoke - 200 + 30 ml min-!
Linear aylg. & Rotary ¢ 200 + 30 ml min-1 120 ml min-1 about 120 ml mjns!

Butf length Tipping + 3 mm or filter + Tipping + 3 mm or Tipping + 3 umyor Tipping + 3 mm or filfer
(whichevef is the highest | 8 mm or 23 mm from butt 23 mm from butt 23 mm fromhbutt +8 mm or 23 mm from
vplue) butt
a Avery similar smoking regime to ISO is used in Japan, the only significant difference being.that the minimum butt length is 30 mm or tipgling
plus 3 mm. It has been reported [16] that Japan is likely to change to the ISO Regime in 2002 but the,author has been unable to confirm this change. The

CORESTA smdking regime is identical to the ISO smoking regime.

b 23|9 °Cis equivalent to 75 °F.

c FTC and Massachusetts smoking regimes only make reference to linear smokifig machines.
3.6 Smpking machine capabilities

Tar, nicotine and carbon monoxide yields are normally determined by machine smoking. Machines hgve

improved
machines
by the sm

There ard
Cerulean
smoking v
can be us¢

d for a wide range.of applications.

dramatically since the first machine*was patented in 1941. Basically two types of smoking
are used: linear and rotary machines. Depending on the aim and the analytes to be determirned
bking test, each type presents advantages and disadvantages.

two major manufacturéers of smoking machines in the world: Borgwaldt KC GmbH and
plc. Both manufacturers-have designed at least two types of machine, one targeted at TNICO
vhere a high throughput is required and one machine which allows for greater flexibility and

Smoking machines preduced by both manufacturers are capable of smoking to the three main regimgs.

3.61 P

Earlier m@dels.of smoking machines used a 50 ml glass syringe designed to deliver a 35 ml puff volume.

This coul

ff volume

alarger syringe or combining two channels together so that the volume drawn by two adjacent syringes
are combined. Older models normally have to be modified to deliver a larger puff volume, e.g. moving the
bar on the linear smoking machine.

On newer versions of smoking machines, the puff volumes can be varied quite easily by means of
software and smoking machines are capable of producing a puff volume greater than 55 ml. However,
the mechanics of the system means that it becomes increasingly more difficult to deliver larger volumes
in a short period of time with good precision. Therefore, for example, a 100 ml puff volume with a 1 s puff
duration is not practicable with the current design of smoking machines.
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3.6.2 Puffinterval

The design of the rotary smoking machine means that it is only practicable to select a puff interval of
60 s when smoking 20 cigarettes. If the rotary smoking machine is used in 10 cigarette mode with a puff
duration of 2 s, then the minimum puff frequency cannot be less than 30 s, i.e. a 2 s puff duration with a
1 s puffinterval.

3.6.3 Puff duration

Puff duratlon is the parameter most dlfflcult to reduce It takes a certaln amount of tlme to operate

T i aped profile.
e plStOIl then has to return to its original posmon ready to take the next puff. Thereforne, d[large puff
ume combined with a short puff duration might require some fundamental design,'changes by the
oking machine manufacturer.

S1m)

3.6.4 Buttlength termination

Or
ad
snj
ten
wh

ginally butt length determination was performed by the glowing end ofthe cigarette burni
otton thread which released a micro switch to terminate the smoking of the cigarette.

all time lag between the glowing coal reaching the butt length and®he smoking of the cigar
minated. More sophisticated equipment tends to be used today, iormally based on an infrat
ich detects when the hot coal has reached a certain point alongthe length of the cigarette.

ing though
[here is a
ette being
ed sensor

3.6.5 Air flows and puff profile

Ail

en
rel
m4

3.6

Th
thd
ve
tri

NO
ach

A
ve
co
s
of
wh

flows are much better controlled than when smoking machines were originally des
Closing the smoking machines in a box/hood means that adjustment of air flow over the c
atively easy to set up and adjust. Advances in software and the control systems mean that it
tter to set up a puff profile, bell shaped beingithe most common type.

.6 Ventilation hole blocking

ere is a concern by workers in the field that whereas full blocking of ventilation holes to
b Canadian Intense smoking regime is easy to perform in a reproducible manner, sealing 5
ntilation holes to achieve the.conditions required for the Massachusetts smoking regime ca
rkier and is currently impracticable if large volumes of cigarettes have to be tested.

TE It is relativelyleasy to achieve 100 % ventilation blocking by taping the cigarettes but it is

hew type of helder could be designed by the smoking machine manufacturers to achie

ts (i.e. anéw ISO standard will be produced making partial ventilation blocking a requirey
oking Trethod using the new style of holder would need to undergo validation, probably
h collaborative trial, to ensure that acceptable reproducibility between laboratories is ach
oleprocess from design of the new holder and its manufacture through to final validation v

gned and
garette is
is an easy

smoke to
D % of the
n be much

difficult to

ieve e.g. 50 % vent blocking consistently, in particular for different size diameters of cigarette brands.

ve partial

ntilation blecking. NB There would need to be a sufficient market for the holders to cover production

nent). The
by means
eved. The
Fould take

at

eastayear to set up.

3.6.7 Trapping system

Total particulate matter in mainstream cigarette smoke is invariably trapped using a Cambridge glass
fibre filter pad and the vapour phase component (containing the carbon monoxide) trapped in “gas-
collection” bags for later analysis. Larger puff volumes and more puffs per min would mean a large
increase in NFDPM yield with a significant chance of overloading the pad so that breakthrough would
occur for the higher “tar” yielding cigarettes (e.g. > 30 mg cig-1). This can be addressed in two ways — use
a larger pad if the design of the smoking machine allows enough room to fit larger holders or reduce
the number of cigarettes smoked per determination. The latter may well lead to poorer precision in
analyte yields as there is less chance that “random variations” in the sample and the smoking process
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will be averaged out. The large volume of cigarette smoke generated by longer cigarettes may exceed the
capacity of the bag but a simple solution is to fit larger bags to the smoking machine.

3.6.8 Other types of smoking

Following the introduction of ISO 15592-3[2] for smoking of fine-cut smoking articles, both smoking
machine manufacturershaveintroduced aholderthatcomplieswiththe standard. Exceptfor conditioning
and butt length and the holder, other parameters remain the same as in ISO 3308.

The demand for smoking to determine analytes yields other than TNCO has grown significantly over

the last cqupteofdecades—Smoking mmachine mmanufacturers tave therefore developed mmactimes wit

allow for
trap volat

There isn
be arequi

le components in cigarette smoke.

Irement for smoking Moassel products using a standardised Hookah pipe and ¥CSA contain

ch

lifferent types of trap to catch the analyte under investigation, e.g. impingers can be used| to

pt yet a standard for smoking other materials containing tobacco though eventuallythere may

ng

a prescribed mixture of tobacco and cannabis resin to allow for a semiquantitative comparison of smqke

yields wit

h cigarette smoking. It is not envisaged that it would be practicable to setup-a smoking regi

for pipe tgbacco or bidis.

Similarly
design an
machine i

effective way of measuring side-stream on a regular basis using.a routine analytical smok
[ the demand is there.

3.7 Alookinto the future

me

he demand for side-stream measurements has meant that both manufacturers are looking to

ng

The additfional flexibility that new smoking machines allow; means that some investigatory worK is

now bein

b performed by researchers to see what effect’a’range of smoking “conditions” have on far,

nicotine and carbon monoxide yields. This may be linked to observed human smoking behaviour that

has been

being tragped by the cigarette filter when smokedby a consumer.

3.8 Smpking regimes (historical)
Previous snoking regimes Parameteérs
Tobacco R¢search Council Puffvolume 35 ml

Ruff duration 2 s
Puff frequency one a minute

Butt length 20 mm for untipped cigarettes; 20 mm for tipped cigarettes or
length of paper + 2 mm; 23 mm or overwrap + 2 mm for tipped cigarettes ovg
80 mm in length,

(air flows set and measured in tri duct, different style holder, cigarettes cond
tioned but smoking environment not conditioned)

bbserved and “quantified” or to intake studies, e.g. measuring the amount of nicotine that i

—

li

Federal Trade Commission 23 mm; length of filter and overwrap + 3 mm if the total exceeds 23 mm

CORESTA

10

23 mm for untipped cigarettes, 23 mm or the length of the filter plug plus 8 mm

or length of overwrap plus 3 mm - whichever is the longer.
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Puff volume 56 ml
Puff duration 2 s
Puff frequency 28 s

2013(E)

Buttlength 20 mm for untipped cigarettes; 20 mm for tipped cigarettes or

length of paper + 2 mm; 23 mm or overwrap + 2 mm for tipped cigaret
80 mm in length

Ventilation holes blocked

tes over

(air flows set and measured in tri duct, different style holder, cigarettes condi-

4

4.

1

tioned but smokKing environment not conditioned)

ssachusetts (proposed ‘heavy smoker’ regime)
Puff volume 60 ml

Puff duration 2 s

Puff frequency 26 s

Ventilation holes blocked
(proposed ‘average smoker’ regime)
Puff volume 45 ml

Puff duration 2 s

Puff frequency 34 s

Ventilation holes 50 % blocked

Summary of literature data on smoking topography

Abstract

Onfe aspect of smoking behaviour hasheen termed smoking topography, i.e. the way smoke|

aq
su
cig
Fo

Sig
fou
(=1
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48
“t3
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igarette. Literature on smoking topography (1956 - 2004) was reviewed, focusing on p
th as puff volume (individual and total), puff duration, puff interval, and number of puffs frq
arette, and how they may varywith cigarette “tar” yield, as determined by ISO/FTC maching
ty-six reports were identified as containing viable data, from which 100 data sets were ex

nificant differences in) human puffing behaviour and ISO/FTC machine smoking parame
nd. When data weteé grouped according to machine-smoked ISO/FTC cigarette “tar” yig
4mg, 8 mgto <A4mg, 3 mgto <8 mg,and < 3 mg), puffingintensitiesincreased as “tar” yield ¢

an puff volume is larger than the 35 ml used in ISO/FTC testing. The overall mean was cal
3 ml. THe mean puff volume increased from 48,1 ml, 47,8 ml, 54,7 ml, 57,2 ml, for cigarett
r” yields of = 14 mg, 8 mg to < 14 mg, 3 mg to < 8 mg, and < 3 mg, respectively. The reported
ume increased from higher “tar” to lower “tar” yield cigarettes. The overall mean was cal

65

rs puff on
hrameters
m a given
smoking.
tracted.

ters were
ld ranges
lecreased.

rulated as
e [SO/FTC
total puff
rulated as

B'ml. The mean total puff volume increased from 567 ml, 611 ml, 817 ml, 890 ml, for cigarett

e 1SO/FTC

“tar” yields of = 14 mg, 8 mg to < 14 mg, 3 mg to < 8,g, and < 3 mg, respectively. The mean puff interval
for all “tar” groups was less than the 60 s used in ISO testing; the overall mean was calculated as 26 s
(range: 11 s to 53 s; 10th %sile 18 s, 90th %ile 38 s).

In addition to the large diversity in smoking behaviour, there is a complex relationship between puffing
parameters, smoke constituent yield, smoke intake (i.e. mouth level exposure), and smoke constituents
uptake. This Technical Report contributes to bridge the gap between potential smoke intake and existing
machine smoking methods.

4.2 Introduction and methods

A survey of 160 publications from the scientific literature (1956 - 2004) was conducted for the purpose
of extracting information on the way cigarettes are smoked by adult smokers. These publications
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were initially identified using subject-search software and Philip Morris International literature
files. Parameters such as puff volume (individual and total), puff duration, puff interval and number
of puffs from a given cigarette, and how they may vary with cigarette “tar” yield as determined by
ISO/FTC machine smoking, were of primary interest, and were entered in an Excel® spreadsheet!). Any
other parameters that were reported were recorded. A variety of devices for measurement of the puff
parameters were used in these studies. Detailed discussion of methods and procedures used in each
study is beyond the scope of this summary.

The first step was to develop criteria to determine whether a report dealing with the topic of smoking
topography contained useful information. Some publications were identified by the search software
based on ptimritedmentiomrof smokingbetaviours butictuded modata— Oty reports—thatcomtaimed
numerical data were used, and in no case were graphical presentations of data interpolated into numeric
values. Ddta were not taken from studies in which the subjects were part of a short-term “switching”
study or wWere required to smoke cigarettes of different “tar” yields from their usual brands. Studies wé¢re
notincluded in which smokers had been deprived of smoking for more than a few hours before’data were
collected,|or in which subjects were asked to take any drugs or other substances unlessibaseline data
were available. Most of the reports were derived from laboratory settings where “topography devicges”
had been jused, and therefore, the influence of blocking ventilation holes cannot«bé€ assessed. Therg is
evidence Juggesting that smoking in laboratory settings yields about 30 % highex smoke deliveries that
smoking ynder “natural” conditions. Puff concatenation was not considered.:

Using thege criteria, 45 reports were identified as containing viable data.However, only one publicatjon
was availgble reporting topography data of subjects smoking cigarettes with < 3 mg “tar” delivery. The
ad hoc grqup decided to accept unpublished data sets adding topogpaphy data from 250 smokers to this
particulat “tar” category (see references[32] and,[33] Dixon 2004 a; b), increasing the total numbei| of
reports tq 47. Some reports contain multiple sets of data, andthe total number of data sets extracted
was 100. The total number of subjects n in the data sets weren = 2 432.

Notall of the publications reported results for all of the parameters of interest. ISO or FTC "tar” ranges for
the cigarefttes used were available in only some of thé'publications, and sometimes cigarette descriptors
included ‘|low nicotine,” “medium nicotine,” “low tar,” “medium tar” or similar. Data summarized hé¢re
were taken from the publications shown in 3.5.

NOTE Forty-seven reports are listed in 35, but only 46 were used (Guyatt 1989a and 1989b) containing dpta
from the same study.

Publicatidns that were considered but not used are shown in the bibliography. Table 9 provides a
condensedl version of the spreadsheet that was used.

4.3 Redults

Table 2 shows a summary of the puff volume and puff number data including a breakdown by “tar
range. The data reported in the literature are generally mean values with varied types of associated
statistics.|In the_tables below, a mean value is the mean of the means reported in the literature gnd
standard feviation is that in those means. Puff number is the number of puffs taken by the smoker op a
single cigqrette. The “tar” values are a mixture of ISO and FTC machine-smoked values. Puff volume is
the volume-—ofindividual pllch in-millilitres (m]), whereas taotal pllFF volume is the total volume pnf‘”ed
from a cigarette (ml). These data provide an overview of the puff volume and puff number for cigarettes
of different machine-smoked “tar” yield ranges. These groupings are somewhat arbitrary and other
group definitions could be considered. Some adjustment was made to the “tar” range values to attempt
to balance the number of studies in each category.

1) Available upon request via the Secretariat of ISO/TC 126
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Table 2 — Summary of puff volume and puff number data

(rdported) is the mean of the values reported in individual publications.

“Tar” Number of | Mean number | Mean puff | 10th %ile puff | 90th %ile puff |Mean total puff
yield reports of puffs volume volume volume volume

(m1) (ml) (ml) (ml)
All data 46 13,2 48,3 35,6 63,5 658
214 mg 14 12,5 48,1 37,7 63,5 567
8 -<14 mg 10 12,3 47,8 41,0 55,7 611
3-8 mg 10 14,6 54,7 43,8 66,3 817
<3 mg 3 15,3 57,2 48,4 63,3 390

NOTE Some of the reports did not specify the “tar” yield of the cigarettes used. The mean(total guff volume

Taple 3 shows the topography data that were available from 14 reports for cigdrettes in th¢ FTC/ISO
“tqr” range of = 14 mg.

Table 3 — Topography data for cigarettes = 14-mg “tar”

Mean Mean puff Mean puff Mean puff. Mean total | Mean number
number of volume interval duration puff volume of puffs x
puffs (ml) (s) (s) (ml) mepn puff
vglume
(ml)
M¢an 12,5 48,1 26,1 1,9 567 597
SD 1,3 10,7 8,8 0,4 152 160
Mg¢dian 12,1 46,5 2556 1,9 524 528
Max 14,7 66,0 40,7 2,6 872 950
Min 10,8 26,0 13,3 1,3 345 401
10fth %ile 10,9 37,7 173 14 407 62
9dth %ile 14,2 6355 39,2 2,3 735 782
NOTE The mean total puffivolume (reported) is the mean of the values reported in individual publidations. The

mdan number of puffs x mean puffvolume is the mean of the product of the number of puffs times the puff volurhe for those

puplications that reported botl: Because some publications reported one of the parameters but not the other, the values in

thd

two columns are not identical.

Taple 4 shows the topography data that were available from 10 reports for cigarettes in th¢ FTC/ISO

“tqr” range of 8 mg)to < 14 mg.

Table 4 — Topography data for cigarettes 8 mg to < 14 mg “tar”

Mean jumber of
meanmumber| M5 PUT|M o e | e it
(ml) (s) (s) (ml) volume

(ml)
Mean 12,3 47,8 27,3 1,8 611 595
SD 2,2 6,3 8,7 0,3 154 164
Median 12,6 46,6 24,7 1,8 598 590
Max 16,1 56,7 53,0 2,3 890 913
Min 7,0 371 20,8 1,2 344 329
90th %ile 14,9 55,7 39,0 2,1 833 815
10th %ile 9,4 41,0 21,0 1,5 473 402
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Table 5 shows the topography data that were available from 10 reports for cigarettes in the FTC/ISO

“tar” range of 3 mg to < 8 mg.

Table 5 — Topography data for cigarettes 3 mg to < 8 mg “tar”

Mean Mean puff Mean puff | Mean puff |Mean total puff| Mean number
number volume interval duration volume (ml) | of puffs x mean
of puffs (ml) (s) (s) puff volume

(ml)
Mean 14,6 54,7 22,6 2,0 817 818
SD 3,0 9,7 7,1 0,3 247 275
Median 13,6 54,3 21,6 2,0 705 723
Max 18,6 70,3 35,2 2,6 1292 1308
Min 9,9 36,0 11,0 1,6 563 460
90th %ile 18,4 66,3 32,6 2,3 1183 1215
10th %ile 10,8 43,8 15,8 1,7 600 540
Table 6 shpws the topography data that were available from 3 reports for cigarettes in the FTC/ISO “tar”
range of 43 mg.
Table 6 — Topography data for cigarettesy<.3 mg “tar”
Mean Mean puff Mean puff | Mean'puff |Mean total puff| Mean number
number of volume interval duration volume (ml) | of puffs x mean
puffs (ml) (s) (s) puff volumg
(ml)
Mean 15,3 57,2 18,9 19 890 889
SD 2,7 8,9 047 0,1 189 267
Median 15,1 60,4 18,7 19 873 909
Max 18,8 63,4 19,7 2,0 1135 1192
Min 12,3 44,5 18,3 1,7 678 547
90th %ile 17,7 63,3 19,5 2,0 1065 1121
10th %ile 131 48,4 18,4 1,8 728 642
Table 7 shows a breakdowdi-of the basic topography data with respect to the decade of publication.
Table 7 — Summary of topography by decade of publication
Number of Mean number Mean puff Mean puff Mean total puff
data sets of puffs volume interval volume
(ml) ) (ml)
All data 100 13,2+2,6 48,3+0,8 25,7+8,1 657 + 197
1970 - 1980 4 109+1,1 38,5 36,8 £8,7 n/a
1981 - 1990 38 13,7 £2,7 449+124 25,7+79 568 + 158
1991 - 2000 38 12,5+ 2,5 50,0 +9,7 26,8 £ 8,6 673 208
2001 - 2005 16 14,6 £ 2,0 53,0+79 21,4+19 784 + 166
NOTE No numeric data were found prior to 1978. Only one puff volume was reported in the period 1970 - 1980,

so no standard deviation could be calculated. Mean total puff volume is the mean of the product of puff volume and number
of puffs for each study. This value is used rather than the mean of the reported total puff volumes to make use of additional
data when total puff volume was not reported. n/a: data not available.
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Table 8 shows a breakdown of the basic topography data with respect to the geographic locations of

the subjects.

Table 8 — Summary of smoking topography by geographic location of the subjects

Number of Mean number of Mean puff Mean puff Mean total
data sets puffs volume interval puff volume
(ml) ) (ml)
All data 100 13,2+ 2,6 48,3 +10,8 25,7+8,1 657 £ 197
Arpericas 42 120+19 509105 287+93 624 + 152
Edrope 58 14,0 £ 2,7 46,8 +10,9 24,7 £ 7,2 6831 221
NOTE Americas includes studies from the United States, Canada and Brazil. Europe includes EU copintries and

Swfitzerland.
4.4 Discussion and conclusions

Be
va

cause of inconsistenciesin the way that “tar” values are reported in the literature (ranges, ap
ues, etc.), and especially because of the limited data available for the low “tar” cigarg

diffficult to perform statistical analyses on the relationships between.“tar” and the smoking td

pa
VO
an
46
sm

Fameters. Correlation between FTC/ISO “tar,” and the number-of puffs, puff volume and
ume with case-wise deletion of missing data resulted in cérrelation coefficients (r) bety
 these parameters of - 0,36 (P = 0,009, N = 50), - 0,38 (R=,0,006, N = 51) and - 0,55 (P =
, respectively. All of the correlations are statistically.significant (P < 0,05). The implicat
oking intensity tends to increase as “tar” decreasess

Thie results of this literature survey may be summacized as follows:

Mean puff volume is larger than the 35 mbjused in ISO testing and may show increasin

increased from 48,1 ml, 47,8 ml, 54,7aml, 57,2 m], for cigarette “tar” yields of = 14, 8 mg t
3 mg to < 8 mg, and < 3 mg, respectively.

The mean reported total puff'vélume increased from higher “tar” to lower “tar” yield ¢
The overall mean was calculated as 658 ml. The mean total puff volume increased fro
611 ml, 817 ml, 890 ml, forjeigarette “tar” yields of = 14, 8 mg to < 14 mg, 3 mgto <8 mg, a
respectively.

The mean numbez-0f puffs may slightly increase from higher “tar” to lower “tar” yield (
The overall mean'number of puffs was calculated 13,2.

The mean putf interval for all “tar” groups was less than the 60 s used in ISO testing; t
mean was(calculated as 26 s (range: 11 s - 53 s; 10th %ile 18 s, 90th %ile 38 s).

Lastly, there is considerable variation between smokers in the way cigarettes are smokeq

proximate
pttes, it is
pography
total puff
yeen “tar”
0,001, N =
on is that

b volumes

from high to low “tar” cigarettes. The overall mean was calculated as 48,3 ml. The mean puyff volume

b < 14 mg,

igarettes.
m 567 ml,
hd < 3 mg,

igarettes.

he overall

L.

Us

ng/the information summarized here, estimates of cigarette smoke constituent vield m

re closely

reflecting smoker behaviour than obtained from ISO machine-smoked results may be feasible. It should
be pointed out that the puffing parameters are not independent and that a change in one parameter
could directly influence other parameters.
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5 Abriefreview of the incidence, degree and consequences of filter ventilation
hole blocking

5.1 Abstract

This clause is a brief overview of studies aimed at addressing the issue of filter ventilation blocking by
smokers. The objective of the review was to provide data that may be used for determining the role of
ventilation blocking in a revised ISO machine smoking regime.

Th

e literature concerning the incidence of vent blocking in smokers indicates that vent blocki

ng is more

lik|
ing
m4

Md
s

bly to occur with lip rather than finger contact with the vent holes. A wide range of ven
idencesisreported in the literature. Differences in the methodologies used for detecting ven
y account for the wide spread in incidence data.

st studies indicate that the effect of vent blocking on smoke yields is greater,when ciga
oked by smoking machines than when they are smoked by humans. This is,because smoke

redluce their puffing intensity when ventilation zones are partially or fully blocked whereas th

md

chine takes a constant puff irrespective of the degree of vent blocking;

A pumber of studies have indicated that during deliberate, maximaldernt blocking with lips

S1m)

Pa
cig
yie

5.]

Fil
yie
cig
for
us
cig
ing
Fil
pe
pe
po

—

okers can block only around 50 % of the ventilation zone.

Ftial or complete vent blocking has a minimal effect on the{smoke yields of moderately
arettes (<60 % ventilation) during human smoking. However vent blocking can produce s
1d increases in highly ventilated cigarettes when smoked by humans.

Filter ventilation — Basic information

Ler ventilated cigarettes have been marketed*for over 30 years and were developed to T
lds of all smoke components, especially-gas phase components. Filter ventilation is an
arette design tool for the production ofCigarettes with low tar yields (e.g. < 10 mg) and is
the reduction of gas phase componeits such as CO. However, filter ventilation is not the so
ed for reducing smoke yields. Other-yield reduction features, such as high efficiency filte
arette papers, reduced tobacco weights, use of expanded tobacco and reconstituted tobaccg
orporated into today’s very low yield cigarettes.

Ler ventilation can be @chieved by laser perforation, electrostatic perforation or by m
foration. The perforation can occur online during the manufacture of cigarettes (e.g. on
foration) or tippinig-paper can be purchased pre-perforated and be applied to filters incd
rous plug wraps(uring cigarette manufacture.

The filter ventilation zones are typically placed 11 mm to 16 mm from the mouth of the filte

lod
of
ro\

ation being'to a large extent dependant on the length of the filter. Ventilation can compris
ventilation holes placed around the circumference of the filter, or it can be a zone includi
vs af ventilation holes.

t blocking
tblocking

rettes are
rs tend to
e smoking

or fingers

ventilated
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5.2.1 The effect of ventilation hole blocking on smoke yields during machine smoking

A number of researchers have investigated the effects of partially or fully occluding filter ventilation
holes on the tar, nicotine and CO yields obtained during machine smoking of cigarettes. The data from a
number of these studies are discussed below:

— Kozlowski et al. (1980)[193] measured the effects of partial (50 %) and complete blocking of filter
ventilation holes on the machine smoked tar, nicotine and CO yields of a 4 mg tar yield cigarette. They
used the standard FTC/ISO machine smoking regime i.e. 35 ml puff volume, 2 s puff duration and 1 puff
per min. Under the partial block condition, tar yields increased by 60 %, nicotine by 62 % and CO by
73 %. Fully blocking the ventilation holes increased tar by 186 %, nicotine by 118 % and CO by 293 %.
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— Kozlowski etal. (1982)[194] examined the effects of vent blocking on arange of 1 mgtar yield products

One can dfraw a number of general-conclusions from these machine smoking studies.

1y

2)

3)

4)

from US, UK and Canada. The yields obtained under the standard FTC regime were compared with
those obtained from fully blocked cigarettes smoked under a more intense smoking regime (47 ml
puff volume, 2,4 s duration and a 44 s inter-puff interval). The increases in tar yield ranged from
1360 % to 3 800 %, the range for nicotine was 720 % to 1 767 %, and for CO 870 % to 4 180 %.

Rickert et al. (1983)[204] investigated the effects of ventilation hole blocking on 28 brands of
Canadian cigarettes. In this study the vent block effect was determined by comparing the yields
obtained under a “moderate” smoking regime (48 ml puff volume, 2,4 s duration, 44 s inter-puff
interval) with those obtalned under the same regime but with 50 % of the Ventllatlon holes covered
with tape—¥e atiomr btockinmg produced easetyretdsfo S OWE C g to
2 mg [tar yield) of 160 % for tar, 130 % for nicotine and 150 % for CO. The correspondlng flgu "es
for the “Ultra-light” cigarettes (3 mg to 5 mg) were 63 % for tar, 57 % for nicotine and 75% for CO.
Partigl vent blocking of the Light cigarettes (6 mg to 14 mg tar yield) increased tar by 38-%,nicot]ne
by 36{% and CO by 36 %.

Reevgs et al. (1997)[203] examined the effects of partial (50 %) or complete ventilation hole block|ng
on the machine smoked yields (FTC regime) of a range of US “Low Ultra” (1 mg-to 3 mg tar Yiei:I( -
average vent level 75 %), “High Ultra” (4 mg to 6 mg tar — average vent level 56 %) and “Lighlts”
(7 mgto 12 mg tar — average vent level 30 %) cigarettes. Partial vent blecking increased the yie|ds
of thel “Low Ultra” cigarettes by 111 % for tar and 106 % for nicotine. Complete ventilation blocking
resulfed in an increase of 372 % tar and 269 % for nicotine in the Low Wltra cigarettes. Partial blgck
incregses of 54 % for tar and 35 % for nicotine, and complete block increases of 109 % and 70| %
respegctively were seen for the “High Ultra” cigarettes. The yields of the “Lights” cigarettes were
increased under the partial vent block condition by 6 % for tax and 1 % for nicotine, these increaged
to 19 Po for tar and 9 % for nicotine under the complete blegk condition.

Bakenf Dixon and Hill (1998)[188] measured the influenge of partial (50 %) and complete ventilatjon
hole blocking on the tar, nicotine and CO yields.{1SO machine smoking conditions) of two UK
cigarettes, a 4 mg (55 % ventilation) and a 9 mg/tar yield (28 % ventilation) product. Partiglly
blocklng the vent zones of the 4 mg product increased tar yield by 27 %, nicotine by 26 % and CO
by 58/ %. Complete ventilation hole blocking produced increases of 83 % for tar, 51 % for nicotjne
and 1f/5 % for CO. A partial block of the-Higher yield 9 mg product produced an increase of 9 % for
tar arjd nicotine and 16 % for CO. The €orresponding figures for the complete ventilation block w¢re
16 % for tar, 11 % for nicotine and.46.% for CO.

Partigl and complete ventilation hole blocking can produce marked increases in smoke yields when
cigaréttes are machine smoked.

The relative increases in smoke yields produced by ventilation hole blocking are greater for the
more fhighly ventilated “lowest tar” yield cigarettes than for the less ventilated “Light” cigarettes.

The dffects ‘@f*vent blocking are generally more pronounced for CO yields than for either tar|or
nicotine yields.

The depree Ve btockimg ottimearty Tetatedtothecorrespomnding EaSeS 1 okevietds

For example most studies show that the yield increases are much greater when going from the 50 %
to 100 % vent block condition than from the unblocked to 50 % vent block condition.

5.2.2 Incidence of ventilation hole blocking in smokers

A number of experimental approaches have been used in attempts to determine the incidence of filter
ventilation hole blocking in smokers. These include:

— Questionnaires asking smokers whether they think they block some or all of the vent holes with

30

their lips or fingers.
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— Direct observation or video recordings of smokers to determine whether they have finger contact
with the cigarette filter while puffing on the cigarette.

— Visual observation of the tar staining patterns of the mouth end of ventilated cigarette filters.

— Measurements of the depth of insertion of the cigarettes into the mouths of smokers to determine
whether the vent holes may be occluded by the smokers’ lips.

5.2.3 Questionnaire approaches

30J193] interviewed a-groupof smokersand they origing hought-that 32 % to
ow tar cigarettes blocked the vent holes with fingers, lips or adhesive tape. In 1983
Fefris (reported in Baker and Lewis (2001)[187] conducted a study in which smokers were interviewed
video-recorded in three UK cities. The smokers were asked if they blocked the ventilatign holes of
th¢ cigarette during normal smoking. 52 % of the 97 smokers interviewed claimed that they blocked the
ventilation holes during smoking. 71 % of these smokers believed that the vent bloeking would occur as
a consequence of their normal holding of the cigarette during smoking.

5.2.4 Observation and video recording

Ferris 1983 (reported in Baker and Lewis (2001)[187] video-recorded 136 smokers of pentilated
cigarettes while they were participating in a series of interviews_These included the 97 sm¢kers who
wdre asked questions about ventilation hole blocking behavjeur. The smokers were allowed| to smoke
dufing the interview sessions and video recordings of 133 $moking events were obtained. THree of the
smokers did not smoke during the interviews. Of these 133 smokers, 118 (89 %) smokers had no finger
cohtact with cigarette while they were puffing on the cigarette. Only 5 smokers (4 %) had finger contact
with the cigarette during all puffs. Consequently, finger blocking of the vent zones was a pogsibility in
all minority of the smokers in the Ferris (1983)'study. Interestingly, many of the smokerf who had
no| finger contact with the cigarette during puffing gave answers to the questionnaire indidating that
they thought they would block ventilation holes as a consequence of the way in which they |held their
cigarette during smoking.

Hill 1983 (reported in Baker and Lewis(2001)[187] used a video recording technique to determine the
pofition of the fingers on the filtet when finger contact occurs during the puff. Hill indicated that the
range of finger placement, when it occurred, was 15 mm to 24 mm from the mouth end of the filter with
ean value of 18,3 mm. Thisiimplied that when fingers were in contact with the filter they| generally
upptream of the ventilation zone as most cigarettes have vent zones placed 11 mm to 16 mnp from the
mduth end of the filter.

5.2.5 Filter stain-patterns

Kolzlowski et al5(1980)[193] originally believed that the degree of filter ventilation hole blocking could
bel|gauged by)examining the tar staining patterns on the mouth end of spent filters. They claifned that a
“byills-eye’pattern, i.e. where the tar staining was in small circle in the centre of the mouth end of the
filfer,Andicated no vent blocking. A heavy stain across the entire mouth end of the filter was[according
to [Kazlowski et al. (1980)[8] indicative of complete vent blocking. Stain patterns between these two
extremes were claimed to be indicative of partial vent blocking.

There have been a number of reported studies assessing vent blocking by use of the filter staining
method and these have been reviewed in detail by Baker and Lewis (2001).[187] Briefly, the studies
produced the following figures on the incidence of vent blocking:

— Kozlowski et al. (1982)[194] reported that of 39 filters taken from 39 smokers, 15 % indicated
complete vent hole blocking, and 44 % partial vent hole blocking.

— Zacny and Stitzer (1988)[209] examined 1 631 filters from only 10 smokers. Of these 0,1 % indicated
complete blockage and 28 % indicated partial vent blocking.

— Kozlowski et al. (1988)[195] examined 135 filters from an unreported number of smokers. Of these
19 % were rated as being fully blocked and 39 % partially blocked.
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— Kozlowski et al. (1989)[196] examined 14 filters from 14 smokers and reported 21 % fully blocked
and 29 % partially blocked.

— Kozlowski et al. (1994)[198] assessed 158 filters from an unreported number of smokers. Of these
27 % were rated as being fully and 26 % partially blocked.

— Djordjevic et al. (2000)[189] assessed an unreported number of filters from 56 smokers of US low
nicotine yield cigarettes and 77 smokers of US medium nicotine yield cigarettes. They did not
attempt to differentiate between full and partial block but recorded evidence of some degree of
vent blocking in 21 % of the low and 30 % of the medium yield cigarettes.

The abilitly to differentiate between the different degrees of ventilation hole blocking by usingstain
patterns las been questioned in a number of studies. Lombardo et al. (1983)[200] assessed the accuracy
of rating the degree of blockage by using the stain technique and concluded that the method may prave
too unreljable to be useful. Kozlowski and coworkers conducted studies subsequent to ‘those listed
above (Pillitteri, Morse and Kozlowski (1994),[201] Kozlowski et al. (1996)[197] and now)conclude that
the stain fechnique cannot reliably discriminate between a 50 % and a 100 % vent block but may bg a
useful mefhod to detect the presence or absence of vent blocking.

Helms (1983)[190] and (1984)[191] demonstrated that the filter stain pattern om unblocked filters can|be
influencedl by a number of cigarette design features. These include the degree of ventilation, number
and size qf vent holes and the penetration depth of the holes into the filter. As previously mentiorled
the reseaich on filter stain patterns was reviewed by Baker and Lewis (2001).[187] They produced the
following|conclusion:

“We therg¢fore conclude that the presence or absence of a distinictive bulls-eye staining pattern njay
not be related to the occurrence of vent blocking. The conclusions from studies that have used this
techniquelare thus questionable.”

5.2.6 Mputh insertion depth studies

One apprgach to the assessment of the incidence'of ventilation hole blocking by the smokers’ lips has
been the measurement of the position of the lips on the filter relative to the position of the ventilatjon
holes. Thgse are called mouth insertion depth studies and rely on the measurement of an imprint of
the lips. This imprint can be produced by-lipstick stains (Schulz 1974 (reported in Baker and Lewis
(2001),[18]] or by staining for amylase(see Baker and Lewis (2001)[187] for references) or ninhydfin
(Porter apd Dunn (1998),[202] Bakér)Dixon and Hill (1998),[188] and Hu et al (2003)[192] in the drled
saliva on fhe filters. Most of thesestudies show that the average mouth insertion depth for smokers
is in the rpgion of 10 mm to 11 mm from the mouth end of the cigarette. However Hu et al. (2003)[192]
reported &n average insertiofn-depth of 7,5 mm for Chinese smokers.

Baker and Lewis (2004)87] used mouth insertion depth distribution data from the Porter and Dunn
(1998)[20%] study to estimate the relationship between the position of the vent holes on the filter gnd
the degreg of ventthlocking. At a 9 mm vent hole placement around 40 % of smokers would have moyth
insertion fepthsess than this value and would not cover any of the vent holes with their lips. At 11 mm
placement 64 %' of the smokers would have no contact with the vent holes and at 16 mm, 92 % of smokers
would haveno lip contact with the vent zone.

Baker, Dixon and Hill (1998)[188] measured insertion depths using the ninhydrin staining method in UK
smokers of a 4 mg (n = 207 smokers) and a 9 mg (n = 202) tar yield cigarette. They reported no evidence
for vent zone coverage with lips for 1 553 from 1 852 (84 %) of filters from the 4 mg smokers and 1 585
from 1 821 (87 %) of filters from the 9 mg smokers.

Porter and Dunn (1998)[202] examined 1 229 filters from ventilated Canadian cigarettes and by use of the
ninhydrin method estimated that around 76 % of the filters showed no evidence of vent hole blocking.

Hu et al. (2003)[192] examined the ninhydrin staining patterns on 1 742 filters randomly obtained from
6 Chinese cities and 1 037 filters from identified smokers in Kunming, China. They reported that 95 %
of the filters analysed showed no indication of vent hole blocking.
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Baker Dixon and Hill (1998)[188] commented that the ninhydrin method could not be successfully used
for all filters as around 11 % of the filters in their UK study had no distinct ninhydrin lip imprint. They
hypothesized that this was caused by some smokers having dry lips which didn’tleave saliva on the filters.

Kozlowski, 0’Connor and Sweeney (2001)[199] suggested that the lip imprint methods may underestimate
the incidence or vent hole blocking because of the problems associated with dry lips.

5.2.7 Incidence of vent blocking conclusions

Based on the available data one can conclude the following:

a) [ Responsesto questionnairesaboutpotential ventblocking may notreflectactual smoking ll)ehaviour.
This may result in the data obtained from interviews and questionnaires being an gver-estimate of
the incidence of ventilation hole blocking.

b) | Data from the filter staining technique (“bulls-eye” method) in general indicate a higher|incidence
of vent blocking than does the data from the mouth insertion depth studies,

c) | The advocates of the mouth insertion methods (mainly Baker and cglleagues) criticize the results
from the “bulls-eye” staining studies. Advocates of the “bulls-eye” approach (mainly Kozlpwski and
colleagues) have criticized the findings from the insertion depth'studies.

Thie apparent differences in the estimation of the incidence of yent'blocking resulting from the various
mdasurement approaches would cause problems if a new [SQniethod needed to consider the{incidence
of went blocking among “average” groups of smokers. Howeveér, this is not an issue if vent hlocking is
to |be incorporated into a new ISO smoking regime aimed at producing realistic maximun yields of
tat, nicotine and CO likely to be obtained by humans sioking intensively. Clearly all studigs indicate
that vent blocking can occur in populations of smokers, thus some degree of vent blocking ngeds to be
indluded in a “maximum yield” method.

5.3 The degree of vent hole blocking and its effect on yields obtained during human
smoking

As|mentioned in 4.2 fully or partially blocking the ventilation holes can have a marked effectjon smoke
yidlds when the cigarettes are smoked by a smoking machine. However, it is important to revigw data on
the effects of vent blocking onsyields obtained during human smoking.

There have been three approaches to measuring the effects of vent blocking on yields obtained by
snjokers as opposed to smoking machines. These are:

a) | Studies in whichivent holes are deliberately blocked with tape, lips or fingers and smokerf are cued
to smoke the\cigarettes to a fixed puffing regime (Kozlowski, Sweeney and Pillitteri (1996),[197]
Sweeney and Kozlowski (1998),[206] and Zacny, Stitzer and Yingling (1986).[208]

b) [ As a)above but smokers who are allowed to smoke ad libitum (Sweeney, Kozlowski gnd Parsa
(1999),[207] Ayya et al. (1997),[186] Reeves et al. (1997),[203] StCharles and Hilton (1998),[205] and
Zacny et al. (1986).[208]

c) Comparisons of the estimated nicotine yields obtained by smokers who demonstrate some degree
of vent blocking with those who show no vent blocking (Baker Dixon and Hill (1998).[188]

5.3.1 Deliberate or artificial vent blocking during fixed puffing regime studies

Zacny etal. (1986)[208] investigated the effects of artificially blocking 0,50 % and 100 % of the vent holes
with tape on the increase in alveolar CO levels (CO boosts) following smoking a 1 mg tar yield cigarette.
The puffing and inhaling patterns of 5 subjects were controlled i.e. 60 ml puff volume, 50 s inter-puff
interval and 50 % Vital Capacity inhalation depth. They reported average CO boosts of + 0,8 ppm for the
zero block condition, + 2,9 ppm for the 50 % and 7,1 ppm for the 100 % vent blocked condition.
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Kozlowski et al. (1996)[197] also measured the CO boosts resulting from smokinga 1 mg tar yield product
with a) the vent holes unblocked, b) the vent holes maximally blocked by the smokers’ lips, and c) 100 %
of the vent holes blocked with tape. The 12 subjects smoked the cigarettes to a fixed regime of a 2 s
duration puff taken every 50 s. They reported a mean CO boost for the unblocked condition of + 2,7 ppm,
a boost of + 6,7 ppm for the lip blocked condition and a boost of + 12,9 for the 100 % blocked condition.
In a follow up study Sweeney and Kozlowski (1998)[206] examined the effects of vent blocking on the
CO boosts resulting from smoking 10 mg tar yield cigarettes. They used the same controlled smoking
regime as Kozlowski et al. (1996)[197] and in this study the following vent block conditions were used:

a) ventilation zones unblocked;

um lip blocking by the smokers i.e. the cigarettes were inserted into the mouth as far|as

um finger blocking by the smokers i.e. the smokers were asked to cover as many vent holeq as
possible by placing their thumb and forefinger over the vent zones while puffing on the cigarettg.

The CO bopsts forthe 10 mg cigarette were essentially the same for all experimental vent block conditiops.
In other words, maximum vent blocking with lips or fingers or 50 % vent blocKwith tape did notincrease
the CO bopst of the 10 mg cigarette over and above that produced by the unblocked cigarette. Howeyer
in the sane study maximum finger blocking of the vent holes of a 1 mg &igarette produced a mean [CO
boost of a|similar magnitude to that reported for maximal lip blocking by Kozlowski et al. (1996).[197

—

Kozlowsk} and coworkers concluded that maximal vent blocking writh lips or fingers equates to 50 % vent
block with tape and that such a vent block has a significant effect on the CO boost produced by highly
ventilated 1 mg tar yield cigarettes but not of the less ventilated 10 mg tar yield cigarettes. This figyre
for lip blofking is in close agreement with the work of Roper 1997 (reported in Baker and Lewis (2001)
[187] who pxamined the lip imprints on filters left by smokers who had Nivea Cream on their lips for the
study. Thik created a very sharp lip imprint image when the filter tipping paper was sprayed with iodjne
solution. Roper conducted the study using 52 subjects and 3 different ventilated cigarette brands. The
vent zone} of the cigarettes were positioned 11t mm from the mouth end of the cigarettes. The subjefts
took one puff from each cigarette in order toiproduce a clear lip imprint and they smoked 5 cigaretfes
of each type. Roper observed 735 clear imprints from a total of 780 filters. Of these 48 % showed some
lip contacf with the vent holes. In all these instances the vent hole coverage was partial with an overall
mean of 2[/ % coverage of the vent zone and a maximum coverage of 50 % of the vent zone.

5.3.2 Deliberate or artificidl vént blocking during ad libitum smoking behaviour studies

Zacny et al. (1986)[208] jricluded an ad libitum smoking condition in the study reported above. They
observed pn unblockedyte’blocked increase in CO boost of approximately 50 % for the 50 % vent blgck
and approximately 107% for the 100 % tape blocked 1 mg cigarettes. The corresponding % unblocked to
blocked irfcreasesiebserved under the fixed smoking regime described previously were approximatgly
260 % for{the 50.% blocked and 790 % for the 100 % blocked cigarettes.

Sweeney, Kozlowski and Parsa (1999)[207] allowed two groups of smokers to smoke cigarettes ad libutyim
under unblocked, or Iip or finger blocked conditions. As in previous studies by Kozlowski and colleagues
CO boosts were measured. The first group of smokers (6 men and 6 women) smoked both a 1 mg and a
10 mg tar yield cigarette unblocked and then with maximal finger blocking. They observed no increase
in the CO boost of the 10 mg cigarette during finger blocking. However, the CO boost was approximately
doubled following the finger blocking of the 1 mg cigarette. The second group (12 females) smoked a
range of cigarettes either unblocked or with maximal lip blocking. The results showed that maximal
lip blocking produced an approximate 300 % increase in the CO boost of a highly ventilated (82,5 %
filter ventilation) 1 mg cigarette, a 50 % increase in the CO boost of a 2 mg (66 % ventilated) cigarette, a
16 % increase in a 5 mg (56 % ventilated cigarette) and a < 10 % increase in an 8 mg (40 % ventilated)
cigarette. These changes were not statistically significant for the 5 mg and 8 mg tar yield cigarettes.

Reeves etal. (1997)[203] examined the effects on smoking behaviour of artificially blocking 50 % or 100 %
of the vent holes of a range of ultra light and light cigarettes from the US market. Smoking behaviour
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(puff numbers, volumes etc.) were measured by using an orifice type cigarette holder attached to the
cigarettes and artificial vent blocking was achieved by using adhesive tape. Subsequent to this study,
St Charles and Hilton (1998)[20] analysed the spent filters from the Reeves et al. (1997) study and
estimated the nicotine and tar yields produced by the cigarettes under the various ventilation block
conditions. The following numbers of subjects and brands were used in the Reeves et al. study:

— Ultra Low-tar Low (ULL) 1 mg to 3 mg FTC tar yield — 10 subjects and 6 brands;
— Ultra Low-tar High (ULH) 4 mg to 6 mg FTC tar yield — 22 subjects and 12 brands;

— Lights 7mgto 12 mg FTC tar yield — 21 subjects and 11 brands.

Thie increases in tar yields obtained when the artificially blocked cigarettes were smokedby|machines
anfl humans are summarized in Table 14.

Table 14 — Percentage increases in tar yields for the vent blocked cigarettes smokged by
machine and humans

Machine - Machine - Human* Human -

50 % block 100 % block 50 %block 100 %]|block
ULL (1 mg to 3 mg) +111 % +372% +52 % + 114 %
ULH (4 mg to 6 mg) +54 % +109 % +22% +33%
Lights (7 mg to 12 mg) +6% +19% +4% +2|%

Thie study revealed that the vent block induced increases)in tar yields were considerably grepter when
the cigarettes were smoked by a smoking machine than‘when they were smoked by humans.

Dixon, Prasad and Kochhar (unpublished) recently cenducted a vent blocking study using 4 compmercially
avgilable 1 mg tar yield products. Three of these were from the German market and the other was a
UHN product. Twenty smokers were used and\the cigarettes were smoked via an orifice typq cigarette
holder to provide puffing topography data. The cigarettes were smoked under three ventilation block
conditions; ventilation zones open, 50 %-blocked with tape, and 100 % blocked with tape. Eagh smoker
smoked all cigarettes under all threewvent block conditions and 2 replicates per subject werg¢ obtained

for

each vent block condition. Pre‘to post smoking exhaled CO boosts were measured and

the spent

filjers were analysed and used fo.estimate tar and nicotine yields under the human smoking cpnditions.
In pddition the cigarettes weére machine smoked (ISO parameters) under the zero, 50 % and 100 % vent
blacked conditions and the tar, nicotine and CO yields were measured. The results from both the human
anfl machine smoking procedures are shown in Table 15 below.

Table 15— Ranges of % increases in tar, nicotine and CO yields resulting froni
50% or 100 % block of ventilation zones of four 1 mg tar yield cigarettes

measured under machine and human smoking conditions

Machine smoking | Machine smoking Human smoking Human §moking
50 % 100 % 50 % 100 %
Ta %2380 566-9—629-% 3+5465—435% 53-%— 84 %
Nicotine 160 % - 223 % 327 % -427 % 25%-30% 33%-54%
co 182 % - 270 % 259 % -850 % 22%-26% 36 % -69 %
5.3.3 “Spontaneous” vent blocking and its effect on smoke yields during human smoking

In the previously mentioned mouth insertion depth study by Baker Dixon and Hill (1998),[188] nicotine
yields to the smokers were estimated from the analysis of the nicotine content of spent filters and
knowledge of the nicotine filtration properties of the filters for the cigarettes used in the study. Plots
of mouth insertion depths against nicotine yields were produced for the 197 smokers of a UK Light
cigarette (9 mg tar yield) and 195 smokers of a UK Ultra Light cigarette (4 mg tar yield). There were
wide variations in the nicotine yields obtained by the smokers of both types of cigarettes (range 0,4 mg
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to 1,5 mg nicotine for the Light, and 0,1 mg to 1,0 mg for the Ultra Light cigarette) but there were no
relationships between the distribution of nicotine yields and mouth insertion depths. If vent blocking
had increased the yields of these cigarettes one would have expected to see higher nicotine yields for
those smokers whose insertion depths were at or greater than the position of the vent zones than from
those smokers whose insertion depths were less than the position of the vent zones. Consequently, Baker
Dixon and Hill (1998)[188] concluded that vent blocking was not associated with an increase in nicotine
yields from 9 mg and 4 mg cigarettes during “normal” human smoking conditions.

5.3.4 Degree and consequences of vent blocking — Conclusions

One can draw a number of conclusions from the various studies aimed at assessing the degree ofvént
blocking gnd its influence on smoke yields under human smoking conditions. These include:

a) The maximum area of the ventilation zones that can be covered by a smoker’s fingers .0t lipq is
apprdximately 50 % of the vent zone. This is an extremely important finding when-on€e considers
the r¢le of vent blocking in a revised ISO test designed to give realistic maximal\yields likely| to
be obtained by smokers. Clearly the 100 % ventilation blocking as used in the Canadian intense
methgd is outside the realms of normal human smoking behaviour. One can drgue that the 50 %
vent Blocking condition used in the Massachusetts intense smoking regime-s'a more realistic optjon
for a tevised ISO method.

b) Vent bhlocking with lips, fingers or tape can have a marked influence on the yields of highly ventilated
very low tar yield products (i.e. 1 mg to 2 mg tar yield) when sinoked by humans. However vent
block|ng has minimal effects on “human smoke yields” for products with tar yields > about 5 mg gnd
ventilation levels < about 60 %. This statement agrees with the comment by Kozlowski O’Connor gnd
Sweeny 2001 in Chapter 2 of the NCI Monograph 13 i.e. “Reviewing the literature vent blocking appefirs
to be q significant mode of compensation for reduced yield.@&inong smokers of Lowest Tar yield cigarettes
(e.g. 1lmg FTC tar) but not likely among most smokers of Light and Ultra Light cigarette brands”.

c) Theeffectof 50 % and 100 % blocking of vent zone§’on smoke yields is much greater during machjne
smok|ng than during actual human smoking cenditions. Zacny et al. (1986),[208] Reeves et al. (1997)
[203] and Baker Dixon and Hill (1998)[188] reported that the main reason for this difference is the
fact that vent blocking decreases human(smoking behaviour parameters such as puff volume and
numbler. This aspect of vent blocking is discussed in more detail in the following section.

5.4 The effect of vent blocking on puffing topography

Zacny et dl. (1986)[208] measured a number of puffing parameters during the ad labium smoking part of
their studly. Five smokers of laedium to high yield US cigarettes (average FTC tar yield 15,7 mg) smoKed
1 mgtaryield cigarettes andtheir puffing topography was measured usingan cigarette holder/flowmeter.
Experimeptally blocking.50 % or 100 % of the vent zones with tape produced a statistically significant
reduction|{in both puffivolume and puff number and a small increase in inter-puff interval compared
with the yents open condition (see Table 16).

Table 16 — Mean values from Zacny et al. 1986 ad libitum smoking study

Zero block 50 % block 100 % block Significance
Puff number 13,2 11,1 9,2 P<0,01
Puff volume (ml) 63,3 54,8 42,8 P<0,01
Puff duration (s) 2,0 1,9 1,8 NS
Puff interval (s) 20,6 22,1 23,3 P<0,05

Zacny et al. concluded that the decrease in puff volume following the vent block was caused by a large
increase in pressure drop or “resistance to draw” of the cigarettes resulting from the covering of the
vent holes. They reported that fully blocking the vent holes increased pressure drop from the open value
of 92,5 mmWg to 184,4 mmWg.
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Reeves et al. (1997)[203] also observed marked vent block induced changes in puffing parameters in a
vent block study conducted among regular smokers of US 1 mg to 3 mg (ULL), 4 mg to 6 mg (ULH) and
7 mg to 12 mg (Lights) tar yield cigarettes. These are shown in Table 17.

Table 17 — Mean puffing topography values from Reeves et al. 1997

ULL (1 mg to 3 mg) products — 10 smokers

Zero block 50 % block 100 % block Significance
Puff number 9,5 8,5 7,1 P<0,1
Pt volume (ml) 54,2 45,8 39,4 P<D,1
Puff duration (s) 1,62 1,59 1,63 NP
Pyff interval (s) 36,0 36,3 441 NP
Infegrated puff pressure 40,3 45,1 55,0 NP
(cinWg.s)
Max puff flow rate (ml/s) 55,2 46,6 389 P<(,01
Toftal puff volume (ml) 501 380 262 P<(,01
Lif cig. pressure drop (mmWg) 130 173 244 -

ULH (4 mg to 6 mg) products — 22 smokers

Zero block 50 % bloek 100 % block Significance
Puff number 10,5 10,0 91 NP
Puff volume (ml) 48,9 43,4 379 P<0(,05
Puff duration (s) 1,81 1,79 1,76 NP
Puff interval (s) 29,8 30,6 31,1 NP
Infegrated puff pressure 38,8 42,1 459 NP
(cmWg.s)
Max puff flow rate (ml/s) 42,8 38,0 354 NP
Tofal puff volume (ml) 519 431 353 P <(,05
Lif cig. pressure drop (mmWg) 139 169 212 .

Lights (7 mg to12 mg) products — 21 smokers

Zero block 50 % block 100 % block Significance
Pyff number 11,1 11,6 10,9 NP
Pyff volume (ml) 38,1 38,1 359 NP
PUff duration (s) 1,54 1,50 1,51 NB
Puff interval (5) 35,0 329 35,9 NP
Infegrated puff pressure 31,9 33,5 35,9 NP
(cpWg's)
Maxpuffflowrate-tmt/s3 38;5 39,2 376 NS
Total puff volume (ml) 420 435 386 NS
Lit cig. pressure drop (mmWg) 146 154 175 -

As can be seen from Table 17 the vent block conditions were associated with decreases in puff number,
puff volume, total puff volume and maximum puff flow rate. Many of these decreases were statistically
significant for the ULL and ULH products. However the vent block induced changes were much smaller
and statistically insignificant for the Lights cigarettes. The Reeves et al. (1997)[203] data for the ULL and
ULH products are in general agreement with the results from Zacny et al. (1986)[208] and confirm the
hypothesis that the vent block induced changes in puff volume and puff flow rate appear to be driven by
an increase in the pressure drop of the cigarettes following vent blocking.
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Recently, Dixon, Prasad and Kochhar (unpublished) conducted a vent block study using 4 commercial
1 mg products and 20 smokers. It should be stressed that these were regular smokers of higher yield
products unlike the Reeves et al. (1997)[203] study which used regular smokers of the brands assessed.
Briefdetails of this study were described in the previous section. The results from the puffing topography
measurements are shown in Table 18.

Table 18 — Mean, standard deviation, 10th and 90th percentiles for puffing parameters obtained
from four 1 mg tar yield cigarettes under vents open, 50 % and 100 % vent block conditions

1 mg product A - 20 smokers - 2 replicates per condition

Zero block 50 % block 100 % block ANOVA p
Puff numbdr P <0,000,1
Mean 16,7 14,5 11,9
SD 3,5 3,4 3,0
90th percerftile 21 18 15
10th percentile 12,4 10 7,7
Puff volum¢ (ml) P<0,0001
Mean 499 42,0 28,8
SD 12,3 14,1 10,3
90th percerftile 66,4 61,9 43,8
10th percertile 34,4 23,8 16;6
Puff durati¢n (s) P=097
Mean 1,72 1,72 1,75
SD 0,47 0,59 0,62
90th percentile 2,20 2,24 2,33
10th percentile 1,29 1,16 1,11
Total puff volume (ml) P<0,0001
Mean 805 574 321
SD 161 120 82
90th percentile 1006 730 440
10th percentile 572 437 234
Integrated puff pressure (cmWG.s) P<0,0001
Mean 32,% 37,0 42,4
SD 9,1 13,8 16,9
90th percentile 46,4 57,5 64,0
10th percentile 21,8 19,3 23,6
Max puff flgw (ml/s) p<0,0001
Mean 45,3 37,7 26,2
SD 12,7 11,3 91
90th percerftile 60,4 53,1 38,6
10th percentile 31,6 25,2 11,8
Lit pressurg drop 115 154 258
(mmWg)

1 mg product B - 20 smokers - 2 replicates per condition

Zero block 50 % block 100 % block ANOVA p
Puff numbdgr P<0,0001
Mean 18,3 14,9 12,9
SD .7 37 30
90th percentile 24 20 17,3
10th percentile 13 11 9,0
Puff volume (ml) p<0,0001
Mean 54,3 47,6 32,2
SD 12,8 12,8 10,9
90th percentile 68,9 64,8 46,8
10th percentile 36,6 30,6 19,1
Puff duration (s) p=0,69
Mean 1,59 1,68 1,69
SD 0,49 0,51 0,53
90th percentile 2,20 2,28 2,45
10th percentile 1,29 1,09 1,05
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(mmWg)

Table 18 (continued)
Total puff volume (ml) p<0,0001
Mean 962 680 392
SD 215 134 93
90th percentile 1193 760 508
10th percentile 668 547 258
Integrated puff pressure (cmWG.s) p<0,0001
Mean 21,9 27,8 36,7
SD 6,1 7,4 13,8
90th percentile 29,5 37,8 55,2
10th pnrr‘nnfi]n 137 174 10'7
Mgx puff flow (ml/s) p.<.0j000 1
Mdan 50,2 42,8 29,8
SD| 13,9 11,9 10,7
90th percentile 66,2 56,2 43,1
10th percentile 32,9 28,9 14,9
Lifpressure drop 70 102 199
(mmWg)
1 mg product C - 20 smokers - 2 replicates per condition
Zero block 50 % block 100 % block ANQVAp
Pulff number p <0000 1
Mdan 18,6 15,0 12,0
S 4,3 29 2,8
90kh percentile 25 19 16,3
10th percentile 13,7 11,7 9
Pufff volume (ml) p<0]0001
Mdan 57,4 50,5 34,9
S 12,1 11,4 10,8
90th percentile 70,1 63,8 46,9
10th percentile 40,2 37,4 20,2
Pulff duration (s) p=10,88
Mdan 1,74 1,72 1,70
SD| 0,47 0,46 0,46
90th percentile 2,44 2,44 2,28
10th percentile 1,19 1,19 1,21
Total puff volume (ml) p<0]J0001
Mdan 1052 740 395
SD| 277 155 82
90th percentile 1392 880 495
10th percentile 727 563 274
Infegrated puff pressure (cmWG.s) p<0]J0001
Mdan 27,6 33,5 40,3
SD| 6,4 8,3 13,2
90th percentile 36,8 42,8 58,4
10fh percentile 19,0 23,3 20,9
M4x puffiflow (ml/s) p<0[{0001
Mdan 51,6 45,6 31,7
SD| 14,1 11,1 9,9
90th percentile 674 57,5 75,0
10th percentile 34,6 32,4 17,6
Lit pressure drop 84 116 203

Partial or full block of the vent zones resulted in marked reductions in puff volume, total puff volume
and puff flow rates for all four 1 mg products. The blocks were associated with large increases in lit
cigarette pressure drop. This increase in pressure drop is the most likely explanation for the reductions
in puff flow rates and puff volume. The relationships between cigarette pressure drop and puff volume

for all four products and 3 vent block conditions are plotted in Figure 1.
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Figure 1|(— Plot of lit pressure drop versus puff volume — Human smoking data from four 1 mg
tar yield products under unblocked, 50 % and 100 % vert blocked conditions

5.5 The effect of vent blocking on puffing topography:~ Conclusion

The fact that vent blocking causes a reduction in puffingtintensities (puff volume etc.) during human
smoking {s the most likely explanation for the differefiices between smoking machines and humgns
in the magnitudes of the vent block induced yield increases. Any potential effect of vent blocking [on
increasing smoke yields is to some extent offset by the reduction in smoking intensity during human
smoking. However, this does not happen withumachine smoking because the smoking machine takes a
constant gize puff irrespective of the vent blogk condition.

The obsegvations on the influence ofvéent blocking on puffing parameters are important when gqne
considers|the role of vent blocking iixa revised ISO smoking regime. One can argue that smokers dan
take very|large puff volumes, especially on very low yield products, and thus a high puff volume should
be incorpgrated into a new “maxintum yield” smoking regime. One can also argue that because smokers
can partidlly block the vent zones with lips or fingers some degree of vent blocking should be introduged
into a “maximum yield” regime. However because of the interaction between cigarette pressure dijop
and puff yolume a very‘high puff volume plus a high degree of vent blocking would not be a realigtic
“maximuth yield” regime for smokers. For example the Canadian intense method specifies a 55 [ml
puff volurpe and 100 % vent block. The data from the study on 1 mg cigarettes indicates that the 9pth
percentilgs for puff volumes under the 100 % vent block condition were 43,8 ml, 46,8 ml, 46,9 ml and
41,4 ml i.g. noh€ of these approached the puff volume used in the Canadian intense method.

6 Areview of cigarette butt lengths typically achieved by smokers when smoking
their usual brand

6.1 Abstract

Cigarette butt length data have been reported in the peer-reviewed literature for many decades as one
of many parameters that describe cigarette smoking behaviour. This document reviews butt length
definitions for machine and human smoking conditions, provides a description of the relevance and
impact of the butt length specification to machine-based analytical smoke yields and briefly examines
butt length variability observed under conditions of actual use within a smoker population and for
different cigarettes smoked by a single subject. Based on a comprehensive review of the human smoking
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behaviour literature, worldwide cigarette butt length information has been summarized and
to current ISO 4387 butt length specifications mandated for machine smoking.

Inall countries studied, and forall types of cigarettes studied (filtered and non-filtered; relative

:2013(E)

compared

high, mid,

low, and ultra-low “tar” yields), smokers’ mean butt lengths exceed ISO 4387 machine-based standard
butt lengths to varying degrees. On a worldwide basis, smokers’ mean butt lengths are 4,8 mm greater

than the current ISO standard. In some countries, the differences between smokers’ and ISO

4387 butt

lengths are minimal (e.g. + 1,9 mm and + 2,0 mm in the Netherlands and Belgium, respectively). In Japan

the difference between smokers’ and ISO butt lengths is markedly greater (+ 15,8 mm).
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roposal for a new robust and practical machine smoking regime that is more reps

Based-on
into any p

for] a variety of reasons. Butt length data have frequently been reported as one, of many, p
that describe cigarette smoking behaviour.[210-216] Butt dengths associated with differen
populations have been studied as a possible explanation fox. differential disease risk among th
populations, e.g. the United Kingdom versus the United States.[217] Butt lengths within &

prporated
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v In doing
e puffing
bke yields
1 smoking
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hrameters
smoking
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population have also been studied to discern the efféct of incremental taxation on smoking pehaviour.

[218-221] Typically, such studies provide butt length data, but do not provide detailed in
degcribing the cigarettes that were smoked. Therefore, without information regarding filte
tipping lengths and overall cigarette lengths,.itis not possible to relate the “raw” butt length d
lerlgths associated with current machinesbased smoking standards.

Fu
snj

I'ther, relationships between machine-generated smoke yields and the terminal butt len
oking have been studied.[222,223) The effect of different cigarette designs, i.e. tipping

lerjgths, on butt length and machine-generated smoke yields has also been reported[224]).

Mindful of the scope and limitations of available butt length data, the objectives of this rey

threefold, including:

1) | Perform comprehensive literature searches to identify and collect all materials that appeq
to human smoking butt length information.

2)| Review afid-tabulate pertinent worldwide buttlength data, with an emphasis on comparing
findings relative to the ISO 4387 butt length specification mandated for machine smokin

3)| Baséd on these comparisons, recommend an appropriate butt length specification for

and practical machine smoking regime that is more representative of smokers’ behaviou

formation
r lengths,
hta to butt

gth when
overwrap

riew were
r relevant

r reported
7.

a robust
Ir than the

current International Standard ISO 4387 on machine smoking.

In addition to these objectives, this document reviews the definitions of butt length for machine and
human smoking conditions, provides a description of the relevance and impact of the butt length
specification to machine-based analytical smoking and briefly examines the butt length variability
observed under conditions of actual use within a smoker population and for different cigarettes smoked

by a single subject.

6.3 Analytical smoking

Definition of cigarette butt length. When conducting analytical smoking (i.e. machine-based s

moking to

determine cigarette yields under standard conditions), a cigarette butt length is defined as the length of

unburnt cigarette remaining at the moment when smoking is stopped.[225] Identifying the “pr
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length for a cigarette under study is a critical parameter in the analysis process because the butt length
establishes when the analytical smoking process is terminated. Currently, most commercially available
smoking machines have some type of butt length sensing device that will terminate the puffing process
when the specified butt length is achieved, even during mid-puff.

Importance of buttlength to analytical smoking. Achieving the intended buttlength during the analytical
smoking process is critical to both measurement precision and accuracy. If the intended butt length
cannot be consistently achieved, the measurement precision will be adversely affected because more,
or less, of the cigarette will be consumed during smoking. Choice of the butt length will also affect
the smoke yield observed for a cigarette. It is readily apparent that the amount of mainstream smoke
yielded fr T T T p T he
cigarette |s puffed in a regular, periodic manner. Under such conditions, an observed increase in smgke
yield occyrs when a greater number of puffs is taken by the smoking machine. It has also begh known
for many flecades that the amount of smoke contained in a puff increases as the cigarette decréased in
length dufing the analytical smoking process.[226] The increased amounts of smoke in thelater puffs
results fr¢m re-elution of material that has been deposited onto the tobacco column diring the earlier
puffs. Thys, the choice of a shorter butt length as the termination point for analytical smoking will
potentially produce greater smoke yields due to a greater number of puffs being takémand puffs that gre
relativelylgreater in smoke yield, while a longer butt length specification will generally produce smaller
yields for the same reasons.

Historicallbuttlength standards for analytical smoking. There has been a variety of buttlength standagds
applied fof analytical smoking historically. In the past, standards have¥aried significantly from country
to country and, potentially, from laboratory to laboratory in some/countries. This is evident from 1973
survey ddta (Table 19) collected by a CORESTA Smoke Study Group.[227] Survey responses from |16
countriesfregarding the cigarette butt length applied during analytical smoking indicated consideraple
variation |n the approach to determining final butt length. A§’indicated in the Table, some reported bptt
length stgndards for filtered cigarettes were based on thiecigarette filter length plus a portion of the
tobacco r¢d, while others were based on the cigarettetipping length plus a portion of the tobacco rpd.
When theffilter length served as the reference point, 8'mm of tobacco rod length was added to determine
the analytical smoking butt length.

When the tipping length served as the prodict reference point, from 1 mm to 5 mm of tobacco rjod
length wds added to that length to deterriine the analytical smoking butt length. Some countries Had
more thar one standard, applying a particular standard based on the total length of the cigarette bejng
tested (e.g. the United Kingdom). Several countries reported multiple standards (e.g. the Netherlards
and Switzerland), suggesting a lagk ef consistency from laboratory to laboratory.
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Table 19 — Results of 1973 CORESTA Smoke Study Group Survey of international machine-

smoking practices (adapted from Referencell227]])

Country from which replies Butt lengths
have been received (mm)
Non filter Minimum Filter cigarettes
for filter F = Filter
cigarettes T = Tipping
Belgium 23 23 F+8orT+3
Fi land 23 23 E+8orT .3
Frpnce 23 23 F+8orfT +B
Edst Germany 23 23 23 or
F@BifF > 1%
West Germany 23 23 F+8orT+B
Hyngary 23 23 F+8
Irgn 23 23 F+8
Luxembourg 23 23 F+8orT+B
Ngtherlands (1 reply) a) 23 23 F+8
(1jreply) b) 23 23 F+8orT+B
South Africa 23 23 F+8orT+B
Sweden 23 23 F+8orT+[
Switzerland (3 replies) a) 23 23 F+8orT+B
(1freply) b) 23o0r1/3 23o0r1/3 F+8orT+B
(1freply) c) 23o0r1/3 23o0r1/3 F+8orT+#
THailand 23 23 F+8
Tunisia 45 10 45-60and 70
UK (all but 1) a) 20Qlif cig < 75 20 T+3ifcig<¥5
(1jreply) b) 25 if cig> 75 23 T+ 5ifcig>7}5
23 F+8orT+p
U3A 23 23 T+3
Thie magnitude of the effect/caused by different butt length standards during analytical smpking was
stydied by Brunnemann, ét al., in 1975.[222] In that study, a non-filtered and a filtered cigarette were each
smoked according to'the butt length standards reported by seven countries, together with ong standard
re¢ommended forinternational use. Countries from North America, Europe and Asia were represented.
A donsistent puffyolume, puff frequency and puff duration were applied for all analytical smoking.
As|summatized in Table 20, large differences in wet total particulate matter (wet TPM) yields were
obperved for the non-filtered cigarette for a butt length range of 15 mm to 30 mm. Wet TPM yjelds from

49

0 1mg to 33,2 mg were found, with the greater yield achieved w1th the shorter butt length Wet TPM
found fi

to a 23 mm butt length. Nicotine yields also tended to increase as butt length decreased, with nicotine
yield from approximately 1,7 mg to 2,1 mg observed for the non-filtered cigarette.

Smaller wet TPM and nicotine yield differences were found for the filtered cigarette. For example, wet
TPM values of approximately 21 mg to 22 mg and 26 mg were found for butt lengths of overwrap + 5 and
overwrap + 1, respectively. Similarly, nicotine yields of 1,32 mg and 1,42 mg were found for butt lengths
of overwrap + 5 and overwrap + 1, respectively.

From these data, it is evident that a single butt length standard is necessary if consistent smoke yield
data are to be obtained from different laboratories and from different countries.

© IS0 2013 - All rights reserved
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6.4 Current international standard for analytical smoking

The current international standard for the machine smoking of cigarettes, [SO 4387, requires either a
final butt length of filter length + 8 mm or tipping length + 3 mm, which ever is longer, when conducting
analytical smoking of filter-tipped cigarettes.[229] Non-filtered cigarettes are smoked to a final butt
length of 23 mm. The standard was last revised in 2000.

Table 20 — Comparison of standard methods circa 1975 (adapted from Brunnemann, et al.,

Referencell222]])
PFuItmg parameters butt kngtn o0 I non-rierca oo I Imerca
(mm) cigarette cigarette
Country Puff Puff Puff Plain Filtera Wet TPM Nicotine Wet TPM . { Nicotine
volume | interval | duration yield yield yield yield
(s) (s) (s) (mg/cig.) (mg/cig.) (mg/cig)) * | (mg/clg.)
Austria 35 60 2 15 OW +5 479 2,09 20,8 1,33
Canada 35 60 2 30 30 (OW +3) 34,4 1,83 21,9 1,31
France 35 60 2 23 OW +3 38,9 1,87 20,3 1,3
Japan 35 60 2 30 30 (OW +3) 33,2 1,79 21,6 1,37
W. Germany 35 60 2 23 oW +1 37,4 1473 25,7 1,47
UK 35 60 2 20 OW +5 40,5 1,92 22,3 1,33
USA 35 60 2 23 OW +3 3648 1,86 22,3 1,31
CORESTAb 35 60 2 23 F+8 36,5 1,84 25,1 1,31
a  OW =(verwrap, F = Filter
b CORES[TA = Centre de Coopération pour les Recherches Scientifique§yelatives au Tabac

6.5 Conditions of consumer use

6.5.1 Ge¢neral

When cigarettes are smoked by a smokerythe cigarette butt length is defined as the length of unbufnt
cigarette [remaining at the moment when the cigarette stops smoldering. The cigarette may stop
smolderirg because it has been “snubbed-out” by the smoker or after free smoldering in an ashtray|or
other locdtion for a period of time-beyond the point in time that active smoking has ended. Therefqre,
one limitdtion of butt length data‘eollected under conditions of consumer use is that the cigarette bputt
length do¢s not necessarily indicate the proportion of the tobacco rod that was consumed by the smoKer.
This fact has been recognizedfor many decades. For example, in 1958 Hammond wrote:[217]

“...itis questionable whether the length of a discarded cigarette butt is a reliable index of the amount of
smoke wHich was drawn into the mouth of the smoker. For example, lighted cigarettes are sometinpes
left to butn out innthe ash-tray or on the ground. Furthermore, much of a cigarette may burn up while
being held in,the'hand or left in an ash-tray between puffs. Thus a short butt does not necessaifily
indicate that most of the potentlal smoke from the c1garette was drawn 1nto the mouth of a smoker On
the other kb g of
the potential smoke

6.5.2 Variability in butt length data under conditions of consumer use

It has been well established that smoking behaviour is quite variable. The puff volume, puff duration
and interpuff interval that smokers apply to the cigarette while smoking can, and does, vary from puff
to puff and from cigarette to cigarette. Further, significant variability in puffing behaviours has been
observed from one smoker to the next.

Like puffing behaviours, the point at which a smoker stops smoking their cigarette is known to vary from
cigarette to cigarette and from smoker to smoker. For example, Hammond collected data on cigarette
butt lengths in four major cities in the United States in 1958.[217] A total of 4 283 cigarette butts were
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collected from homes, offices, restaurants, sidewalks, stations and parks and each was measured to
determine length. The average length for all butts collected was 30,9 mm, with similar lengths observed
for filtered and non-filtered cigarettes (31,0 mm and 30,7 mm, respectively). Based on the lengths of
filtered and non-filtered cigarettes sold in the US in 1958, Hammond concluded that about 38 % of each
filter-tipped cigarette and 41 % of each non-filtered cigarette were discarded without smoking. The
distribution of butt lengths that he observed in his study is found in Figure 2.

Y

25

20

15

10

Key
X cigarette butt length (mm)
Y | percentage observed

Figure 2 +— Distribution of cigarette butt lengths observed by
Hammond in the United States in 1958

Mare recently, aStudy of US smokers conducted by R.]. Reynolds Tobacco Company beginning in 2002
hap investigated cigarette to cigarette butt length variation.[229] Figure 3 provides an indication of
intlercigarette'butt length variability for an individual smoker during the course of a 24 h perjod.
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Figure 3 — Variability in observed cigarette butt lengths during the day for a subject smoking
their usual low “tar’cigarette brand

6.6 Cormpparison of butt lengths observed under conditions of use with machine-based
smoking standard butt lengths

6.6.1 Mepthods

Three approaches were used totidentify and collect relevant information on the subject of butt length:
(1) articlep or references available to the general public were identified by searching two internet online
databased (with the searchi-strategy of “butt AND length”), PubMed, National Library of Medicine (www.
nebi.nlm.pih.gov), and~kegacy Tobacco Documents Library, University of California, San Francigco
(www.legpcy.librarysucsf.edu); (2) retrieved articles were reviewed for associated citations in their
respectiv¢ refererice ‘'sections; and (3) relevant internal tobacco company reports were contributed
from the [SO/TC 126 tobacco company participants.

Each retrieved article or report was reviewed to determine document acceptability. To be acceptalle,

g gt
and (b) the differences of these values relative to ISO 4387 butt length specifications (i.e. filter tipping
length + 3 mm for filtered cigarettes, or 23 mm for non-filtered cigarettes). Additionally, data resulting
from subjects smoking their usual brand of cigarettes were considered acceptable; whereas, research
that described cigarette brand “switching” studies, i.e. subjects not smoking their usual brand, were not
considered acceptable.

Results. Based on the document selection criteria described above, 24 documents were identified as
having possible utility. Of these, only 8 documents contained sufficient information to conform to
the selection criteria. These documents are listed in the bibliography under “Specific references for
Clause 6 — References and documents that provided data used in butt length review”. The remaining
16 documents identified (listed in the biubliography under “Specific references for Clause 6 —
References and documents that did not provide useful data for the butt length review) generally lacked
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either (a) pertinent data or (b) a direct or indirect reference to the cigarette sample tipping paper length.
As such, the available data could not be used for comparisons to the ISO standard. The 8 documents
that did contain useful butt length data were all tobacco industry-related studies, which in some cases
were conducted in multiple countries. Collectively, these 8 studies accounted for 37 789 butt length
measurements, in 11 separate countries, and spanning a time-range from 1979 to 2004 (25 years).

All acceptable butt length study data are compiled chronologically in Table 22, with the following
information presented (when available): country; year data collected; product type; ISO/FTC tar yield;
number of subjects; number of butts measured; experimental setting; mean butt length, standard
deviation (SD) or standard error (SE), 90th and 10th percentiles; mean differences in butt length relative
to [SO4387 - SPorSEamdreferences-Setectinmformation s atsosummmarized i tabte 24 which provides

noph-weighted mean differences in butt lengths relative to the ISO standard in various countpies.

Overall, mean butt length (n = 37 789) was found to be 35,7 mm, with a corresponding mean fifference
with the ISO standard of + 5,2 mm (Table 21). However, since a small portion of thi$’data st may not
befa true representation of smokers’ behaviour, data from the reports having a “study setting” of either
“laporatory” or “ITL (industry) employees smoking in their offices” were removed from th¢ analysis.
Thijis adjusted “overall” mean buttlength (n = 34 560) was only slightly changed-and found to bg 35,5 mm,
with a corresponding mean difference with the ISO standard of + 4,8 mm. Accepting the adjysted data
as [the most accurate, on average, smokers extinguish their cigarettes\4,8 mm longer than the length
used in the ISO standard. It is noted that this value is conservativelybiased (in some studief), in that,
anjundeterminable number of discarded butts may continue to bufn for some unknown amoynt of time
before self-extinguishment.

In ptudies that documented cigarette “tar” yields, no correlation in smokers’ butt lengths angl ISO/FTC
“tdr” yields were apparent (Table 22), with the possible €xception in the MMV study where bytt lengths
tenided to be longer the higher the product yield.[230]

Table 21 — Summary of worldwide butt length data by country and experimental setting
(Filtered and non-filtered cigarettes / All tar yields)

(ountry No. No. butts/ Mean Mean Study setting Reference
reports Study buttlength | difference
(mm) from ISO
(mm)
Belgium 1 930 28,9 +2,0 Unrestricted CECCM, 1991
Briazil 1 200 40,2 +3,7 Unrestricted CECCM, 1991
Canada 1 1059 nd +9,6 ITL Employees ITL,|1979
Ddnmark 1 1052 40,2 +3,7 Unrestricted CECCHM, 1991
Frhnce 1 1886 29,0 +3,7 Unrestricted CECCHM, 1991
Ggrmany 2 1093 35,9 +6,5 Unrestricted CECCM, 1991
980 34,1 +5,1 Unrestricted ITL,[2005
]a;ran 1 1152 50,8 +15,8 Restaurant CORESTA, 2003
Survey
Nether- 1 1455 26,9 +1,9 Unrestricted CECCM, 1991
lands
Spain 1 850 31,8 +5,0 Unrestricted CECCM, 1991
UK 4 1525 33,3 +3,3 Unrestricted CECCM, 1991
7204 35,0 +2,0 Unrestricted BAT & ITL, 1998
1000 32,6 +4,6 Unrestricted ITL, 2005
1600 39,7 +9,2 Laboratory Dixon/WG, 2005
a “Adjusted all data” excludes data in shaded areas pertaining to tobacco company employees or laboratory “study
settings.”
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Table 21 (continued)

Country No. No. butts/ Mean Mean Study setting Reference
reports Study buttlength | difference
(mm) from ISO
(mm)

USA 2 570 35,0 +2,8 Laboratory MMV, 2004

4705 36,5 +4,4 Unrestricted MMV, 2004

10528 41,8 +5,3 Unrestricted St, Charles, 2004
All data 8 37789 35,7 +5,2 All na
Adjusted 5 34560 35,5 +4,8 Unrestricted/ na
all data?2 Restaurant

Survey

a “Aldjusted all data” excludes data in shaded areas pertaining to tobacco company employees'or laboratory “stydy
settings.”

6.6.2 Discussion

Review and analysis of worldwide butt length data demonstrates that inCall countries studied, and for
all types df cigarettes studied (filtered and non-filtered; relative high,tnid, low, and ultra-low tar yields),
smokers’ nean butt lengths exceed ISO 4387 machine-based standard butt lengths to varying degreles.
In some cpuntries, the differences between smokers’ and ISO 4387 butt lengths are very similar (¢.g.
+ 1,9 mm pnd + 2,0 mm in the Netherlands and Belgium, respéctively). In Japan the difference betwgen
smokers’ ind ISO butt lengths is markedly greater (+ 15,8 mm).

The apparent net effect of smokers’ behaviour in terms of‘butt length would indicate that the current [SO
standard nethod overestimates mainstream smoke yi€lds, if butt length alone is the principal factor that
determings yield. Further, this overestimation appears culturally dependent, perhaps because of the types
of cigarettes sold in a particular country or the average smokers’ behaviour common to that particuIEar
country. However, since actual mouth-level intake of cigarette smoke can be affected but multiple factgrs,
including [cigarette design and smokers’ puffing behaviours, the relative contribution of cigarette butt
length, isdlated from these other parameters, to mainstream smoke yield is equivocal at best.

In summafry, based on available pertinent data, the following can be concluded:

— On a Worldwide basis, smokers’ mean butt lengths are greater in all countries studied (+ 4,8 mm;
rangipg from + 1,9 mmto-+ 15,8 mm) relative to the current ISO standard.

— Smokjng behaviour\pertaining to butt lengths appears culturally dependent by country, while
smokers’ butt lengths appear to be generally independent of ISO/FTC tar yield.

6.7 Redommendation for an appropriate butt length specification more representative
of smok;rs' behaviour

In principle, the butt length specification for a robust and practical machine smoking regime thatis more
representative of smokers’ behaviour than the current International Standard ISO 4387 on machine
smoking can take one of three forms: (a) butt lengths that are shorter than the current standard, (b) butt
lengths that are equivalent to the current standard or (c) butt lengths that are longer than the current
standard. Available data uniformly suggest that a longer butt length standard than is specified by
ISO 4387 is more representative of smokers’ behaviour worldwide. However, available data also indicate
that smokers in some countries achieve butt lengths similar to the current ISO standard, while smokers
in certain other countries smoke cigarettes to much longer butt lengths. When these data are considered
together with the facts that (a) considerable variability in butt lengths exists within a given country’s
smoking population from one smoker to the next, and (b) variability exists for a given smoker potentially
from one cigarette to the next, it becomes clear that no single buttlength standard is completely adequate
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to better represent smokers’ worldwide behaviour. As such, the comments of Wynder and Hoffmann
from 1967 on the subject of analytical smoking butt length seem relevant still today:[230]

“Again, it cannot be the objective of the tobacco scientist to duplicate human smoking patterns, but
rather, to arrive at standard values acceptable to the majority of investigators and, therefore, permitting
comparison of analytical data from all over the world.”

Therefore, it is recommended that the current ISO standard for butt length be incorporated into any
proposal for a new robust and practical machine smoking regime that is more representative of smokers’
behaviour than the current International Standard ISO 4387 on machine smoking. In doing so, it is fully
rer‘ngni'7arl that such o hutt ]ﬂﬂgfl’\ chnr‘]arﬂl fngnfhnr with the more intensive pnﬂ:ing B rameters
anficipated for such a new smoking method, will likely over-estimate actual smoke yields aghieved by
smokers. Retaining the current butt length standard as part of any new proposed smoking mgethod will
provide a point of consistency between the two procedures (ISO 4387 and a new proposed smoking
stgndard) and will provide a basis for comparing analytical data from all over the world.
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7 Cigarette smoking and nicotine intake

7.1 General

Nicotine is the major determinant of tobacco use and addiction. The nicotine content of cigarettes varies
significantly depending on tobacco blend and the country of origin. However the amount of nicotine
in mainstream smoke is determined by cigarette design, including tobacco type, and human smoking
behaviour. This review focuses on nicotine intake (mouth level exposure) as it relates to the published
data on human smoking behaviour, and discusses the adequacy of the ISO/FTC method to inform on

itch from smokmg cigarette brands with higher to lower machine determined nicotine yields.
Repeatedly, a pattern of compensation is documented suggesting that smokers regulatemicotfine intake
to sustain their addiction. No single smoking regime can fully capture human smokingbehgviour, the
ex]sting ISO/FTC regime seriously underestimates the amount of nicotine that a ‘sioker if exposed
to [and, does so in a systematic fashion, the degree of underestimation increasing as ISO/FTC yields
defrease. The ISO/FTC ratings do not necessarily parallel actual nicotine content in tobacco jand many
light cigarettes contain as much nicotine as their regular counterparts or mote. The applicatign of more
infense machine-smoking regimes, as specified by the Massachusetts arid\Health Canada prptocols or
protocols that mimic human puffing behaviour produces significantly‘higher values for the smount of
niqotine in mainstream smoke than measured by the ISO/FTC regime.-The objective of this rd¢view is to
sunmarize the scientific evidence on factors that influence nicotine intake delivery and to r§commend
mdchine-smoking protocol(s) for determination of smoke cofstituents, including, nicoting in order
to [petter understand cigarette design and the variation in-Constituents generated under thg range of
snjoking conditions used by smokers. Therefore, both machine parameters that reflect cofnmon use
as[well as machine parameters that reflect the upper.range of human cigarette smoking in order to
understand the range of deliveries for cigarette products are needed.

7.2 Introduction

Nig¢otine is the major determinant of tobaeco use and addiction.[255,256] It is delivered to thd cigarette
snjoker predominantly by inhalation of mainstream smoke. Different types of tobacco contain different
anfounts of nicotine; in general, the highest levels are found in burley tobacco, the next highgst in flue-
cured, and lowest levels in oriental\tobacco. The nicotine content of cigarette tobacco varies ffom about
7,4 mg to 23,5 mg per gram.[256,257] On average and based on intake studies, the mainstrean) smoke of
ong cigarette yields just over-4ing of nicotine (range 0,5 mg to 2,0 mg)[255]; in chronic smokers, the total
dajly intake appearing tobe relatively constant over time.[258-261] However, such intake shpws great
individual variation, isclargely independent of the machine-determined yields, and can significantly
inqrease (up to threefeld or more) in response to restricted nicotine availability.[257,262] Traditionally,
th¢ ISO/FTC machine*smoking method has been used to report on the amount of nicotine gxiting the
cigarette.[263] However, many studies have demonstrated that the ISO/FTC machine-smokirg method
dops not refleethuman smoking behaviour[256] and that there is no relationship between brand ISO/FTC
nidotine yield' and nicotine content of tobacco.[255,256,259] The ISO/FTC ratings do not ngcessarily
pafallel.actual nicotine content and many light cigarette brands use tobacco with higher con¢entration
of hicotine than the “full flavor” counterparts. In order to better understand cigarette smoke emissions
undePconditions which better approximate human smoking behaviour, standard smoking ¢onditions
have been compared with different nonstandard methods involving variable puff volume, puff duration,
and interval between puffs.[264] The studies demonstrated that up to 95 % of the variation in tar yield
per cigarette could be explained by variation in the total volume of smoke drawn per cigarette. This
obviously affects other constituents of the cigarette smoke, including nicotine and other toxic and
genotoxic agents. In a recent study by Djordjevic and coworkers, the puffing characteristics of adult
cigarette smokers were determined and the yields of tar, nicotine, and two lung carcinogens were
measured in the mainstream smoke generated from each individual’s brand by mimicking his or hers
smoking patterns using a piston-type smoking machine. It was reported that smokers of low- (<0,8 mg
nicotine by FTC method) and medium yield (0,9 mg to 1,2 mg) brands received 2,5 and 2,2 times more
nicotine than the yields obtained by the FTC method.[257,262]

—-

This review summarizes published data on nicotine content in mainstream cigarette smoke and the
extent that compensation takes place upon changing the smoking conditions or cigarette brands.
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7.3 Nicotine metabolism

Understanding the metabolism of nicotine has been useful to understand the effect of nicotine on
the human body and in which ways the amount of its intake influences human behaviour in cigarette
smoking and to have better assessment of the nicotine intake (amount delivered to the smoker) and
uptake (amount absorbed by the body).[263] Nicotine can be measured directly in blood and it is
excreted in urine as nicotine (9,8 %) as well as nicotine glucuronide (4,2 %), nicotine-1-N"-oxide (4,4 %),
and nornicotine (0,4 %).[255] However, in many situations it is preferred to estimate nicotine intake by
measuring its major metabolite, cotinine.[259,266] The latter has a longer half-life (16 h versus 2 h for
nicotine) and its level shows less Varlatlon throughout the day than that of nicotine. About 70 % to 80 %
of nicoting JAToXy

(33,6 %), fotinine glucuromde (12,6 %), trans-3 hydroxycotinine glucuronide (7,4 %), cotinine-N-ox|de
(2,4 %), and norcotinine (2 %)].[255] The measurement of cotinine gives a good estimate of-the ddily
intake of icotine. For example, on average, a cotinine level of 300 ng/ml corresponds to a daily'nicotjne
intake of about 24 mg.[255,266] Measurements of urinary excretion of nicotine and its metabolites gre
also usefyl to measure the amount of nicotine taken in by a smoker per day.[266,267] Mofeover, saljva
cotinine Qighly correlates with plasma cotinine and has been used for the same purpose.[255] The
analysis of these biochemical markers has been very useful in measuring nicotine uptake and the effpct
of brand switching, often expressed as degree of compensation.[259]

A9

7.4 Nicptine intake and switching studies

D.E. Creighton defined compensation as the “subconscious changes(made to the smoking pattern by a
smoker infan attempt, which may or may not be successful, to equalize the deliveries of products whjch
have diffgrent deliveries when smoked by machine under standard conditions.” A number of studjes
have been conducted to study the effect of switching on nicotine uptake:

1) SHort-term experimental switching studies: In these studies, smokers were asked to switch
to brands|of higher or lower machine-determined yield;*Their resultant nicotine uptake was compated
to that frdm the usual brand they smoked. Results demonstrated that smokers compensate for reduged
nicotine deliveries; the extent of this compensation ranged from 20 % to 100 %. This compensatjon
was accorpplished through smoking more cigarettes per day and by taking in more tobacco smoke per
cigarette when compared to smoking machine predictions.[268-271]

2) Lgng-term experimental switching studies: In these studies, the extent of compensation baged
on nicotirje intake was about 80 % imsmokers who were switched from higher to lower yield cigarettes
for periods exceeding few weeks. Compensation occurred primarily by increasing the intensity wijth
which cigarettes were smoked. Increasing the number of cigarettes smoked had an additional variaple
contributjon.[272-276]

3) Stpdies of smokers smoking self-selected brands: These studies are particularly valuable for
investigatling the assogciation of brand yield with intake, because smokers have chosen the brands that
they are happy toSmioke. The biomarkers investigated in these studies included markers of nicotine
exposure [such as-blood nicotine, blood or saliva cotinine, or urinary nicotine metabolites. There wé¢re
some differerces in nicotine exposure when high- and low-yield brands were compared. However/ in
14 studied, there were weak or no significant correlations between nominal ISO/FTC yields of cigarettes
and nicotine intake [ Table Z3])1259T Thus, ISO/FTCnicotine ratings are extremely poor predictors of actual
nicotine intake and the ISO/FTC method underestimates human exposure to nicotine. This is especially
true in smokers of low-yield cigarettes. In a study by Jarvis and coworkers of 2 031 adult smokers of
manufactured cigarettes surveyed in the 1998 Health Survey for England, nicotine intake per cigarette
was about eight times greater than machine-smoked yields at the lowest deliveries (1,17-mg estimated
nicotine intake per cigarette from brands averaging 0,14-mg delivery from ISO machine smoking) and
1,4 times greater for the highest yield cigarettes (1,31-mg estimated nicotine intake per cigarette from
brands averaging 0,91 mg from machine smoking). The findings of this study are consistent with the
possibility that, in the real world, compensation for nicotine is 100 % complete.[277]
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Table 23 — Studies of nicotine intake compared with machine nicotine yield[[[259]]]

for England

Study Population Nicotine Results
yields
(mg)
Russell et al., 1980([[278]1] 330 from smokers’ clinics or 0,5-3,5 PNIC versus Mach-N
research volunteers r=0,21a
Rickert and Robinson 84 during routine medical 0,25-1,3 PCOT versus Mach-N
1981Il[279]1] exams r=0,08
Benowitzetal ; 2772 caal(ing cmnl(ing cessation < ﬂ’1 — 1'0 BCOT versus ETC-N
19i83([[280]1] therapy r=0,15 (n =137
r=0,06 (n=123
EHert et al., 1983[[[281]]] 76; mix of smoking cessation, 0,1-1,5 PNIC versus FTCAN
hospital employees, and ambu- R=0,252
latory patients
Gdri and Lynch, 865 recruited from shopping 01-1,6 PNIC versus FTC{N
1985I11[282]]] malls, 10 or more cigarettes per R=0,37a
day PCOT versus FTC{N
r=0,232
Bdgnowitz et al., 248 seeking smoking cessation 0,1-1,9 BCOT values similar fof FTC-N
1986111283]1] (137 from previous study) 0,21 to >1,0 BCOT 2/3 of pthers for
FTC-N < 0,20
Ryssell et al., 1986[[[284]]] 392 from smokers clinics — BCOT versus Mach-N
r=0,13a
BNIC versus Mach-N
r=0,262
Rdsa et al., 1992I[[285]]] 125 attending military medical | 0,38 -1,38 BCOT versus Mach-N = 0,30
center
Caultas et al., 1993[[[286]]] | 298 from Hispanic¢ household — SCOT versus FTC-N rE 0,12
survey
Woodward and Tunstall- 2,754 fromr-Scottish Heart 01-1,7 BCOT versus Mach Tar, N, and CO
Pedoe, 1993I[[287]]] Health\Study (1984-1986) and gender (multiple regression);
accounted for 19 % valriance
Byrd et al., 1995 [[[288]]] 33 volunteers 0,13-1,3 UNIC + metabolites versps FTC-N
N/24 hr:r=0,68*
N/cig: r=0,79*
Hde et al., 1995 [[[289]]} 108 volunteers; 5 or more ciga- | 0,09 - 1,19 UNIC, UCOT versus Magh-N; NS
rettes per day
Byjrd et al., 199841290]1] 72 volunteers 01-14 UNIC + metabolites verspis FTC-N
N/24 hr: r=0,19
N/cig:r=0,313
SCOT versus FTC{N
r=0.15
]a1 vis etal., ZOUT &£ 4]]] Z,Us11rom IYY6 Health Survey 0,04-1,06 SCOT versus Mach-N

r=0,19a

a P<0,05

Key: PCOT = plasma cotinine concentration; BCOT = blood blood nicotinine concentration; cotinine concentration;

N = nicotine; concentration; Mach-N = smoking-machine-determined cotinine concentration; FTC-N = machine yield
SCOT = saliva cotinine concentration; UNIC CO = carbon monoxide. nicotine yield, by Federal Trade = urine nicotine
concentration; PNIC = plasma nicotine Commission method; BNIC = UCOT = urine

Based on the studies described in Table 23, it appears that cigarettes with different tar and nicotine
yields as measured by the FTC method lead smokers to smoke them differently and there was a small
difference in nicotine intake when high- and low-yield brands were compared. The small differences
in nicotine intake between brands with high and low machine-smoked yields may be attributable to
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differences in the type of smoker selfselecting to these brands, rather than to characteristics of the
cigarettes themselves.

In an additional spontaneous brand switching study where smokers switched to low-yield cigarettes,
the uptake of nicotine per cigarette, as measured by plasma cotinine, did not significantly change.[291]
A similar conclusion was reached by Hecht and coworkers from a cross sectional study of 175 smokers
of different cigarette brands (regular to light, and ultralight) and who demonstrated no statistically
significant difference in total urinary cotinine or in two biomarkers of carcinogenicity,1-hydroxy-
pyrene (1-HOP) and total 4-methylnitosamino-1-(3-pyridyl)-1-butanol (NNAL). There was no correlation
between tar levels, as measured by the FTC method, and any of these three biomarkers.[292]

Thereforg, the implication from these studies is that there is compensation by the cigarette smokérg in
order to sfistain their daily nicotine intake. Compensation is achieved through adjustment of thethumber
and volunpe of puffs and by vent blocking of filters.[271] Consequently, the measurement of mainstregm
smoke yig¢ld of nicotine by the ISO/FTC regime underestimates the amount of nicotine intake by the
smoker infgeneral and particularly when applied to low yield cigarettes.

7.5 Nicptine yield in machine smoking methods other than FTC [e.g. Massachusetts D¢
partment of Public Health (MDPH) more intense machine-smoking parameters]

\ 4
1

Because qf the limitations of the ISO/FTC regime to inform on meaningful smoke emissions, other
more intgnse machine-smoking regimes have been introduced. The 1999 Massachusetts Benchmark
study, spdnsored by the Massachusetts Department of Public Health;\éompiled the yields of 44 smake
constituents in the mainstream smoke; a median nicotine yield of 4)7'mg per cigarette (range 0,5 mg to
3,32 mg) was reported.[293] It has been demonstrated that there i$$ignificant inter-individual variatior) in
smoking tppography for each brand and this has to be consideréd’during exposure assessment. Even this
more intepse Massachusetts regime underestimates the amoeust of nicotine delivered to some smokers| In
2000, Djogdjevic etal. compared smoke yields by the Massachusetts method for two leading full flavoured
regular aipd mentholated cigarettes to those obtained:by programmed method which used a pressyre
transducer system in an attempt to mimic puffing behaviour. This study has determined that smokerg of
the mentholated brand drew in 5,6 mg nicotine per.cigarette and 4,1 mg for the non-mentholated nicot]ne
yield, amdunts that were twice those estimatedtby the Massachusetts method.[255,256]

7.6 Nicptine yield in machine smoking methods other than FTC- Health Canada (HC)
parameters

By using the even more intense settings by Health Canada for machine smoking testing, a study in 1999

age
to
se

e g g 3 . =nt
y1elds among c1garettes generally decreased from ISO to MDPH to HC smokmg condltlons Moreover the
rank orders of cigarettes by constituent ISO yields were generally preserved at MDPH machine smoking
conditions but not HC conditions. Not surprisingly, the smoke yield changes between the smoking
conditions were greater for cigarettes with higher design filter ventilation.

7.7 Summary and conclusions

Studies of subjects who smoked cigarettes with lower machine-determined yields suggest that smokers
regulate their nicotine intake in order to sustain their addiction. Their smoking patterns can be affected
by the design characteristics of the cigarette, and with changes in nominal nicotine delivery. Thus no
single set of machine-smoking parameters will adequately reflect the wide range of individual smoking
behaviours across the variety of marketplace cigarettes. Machine testing is a fixed puff protocol for
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all brands whereas smoking behaviour changes systematically with the design of different brands.
Experimental switching studies show varying degrees of compensation and the observed variability is
related to the characteristics of the smoker and the type of cigarettes they are switched to. Spontaneous
brand-switching studies suggest that there is no reduction in smoke intake per cigarette unless the
smoker also cuts down the cigarette consumption. In addition, studies of smokers smoking self-selected
brands show only a weak relationship between nicotine yields and nicotine exposure.

The goal of machine measure is to explore the variation in the emissions of constituents under the range
of smoking conditions used by smokers; however, the currently used ISO/FTC method does not meet this
objective and there is a need for development and validation of other methods that reflect common as
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Recommendations

recommendations for a new machine smoking regime offered in Table224 summarize {
up’s deliberations. An initial area of deliberation during the course{of the discussions
ether any proposal for a new smoking regime should reflect available)lsmoke uptake data
ld-in-use data (i.e. smoke intake or mouth-level exposure data), It was fully recognized th
el exposure data represent a measure of maximum potential smoke exposure. Smoke upt:
| be less than smoke intake values since only a portion of the.smoke that is drawn out of thg
the smoker is typically inhaled and retained.

nile a range of views were expressed regarding the intended purpose of a new smoking
nsensus was developed that any proposal for a new smoking regime would be based upon
m mouth-level smoke exposure data.

sed upon available worldwide smoking behayjour data, three alternatives have been identi

lds that were much closer to the maxithum typically experienced by smokers than those
the current International Standard ISO 3308. As such, any one of the proposed regimes is g
table as a new practical machine\smoking regime for use in addition to the existing ISO
0 3308). However, there was noconsensus on any one of the alternatives — each has its
H limitations and these are briefly summarized below.

king into account both (the reviews of human behaviour data and smoking machine cap
s puff frequency is dppropriate for a proposed new smoking regime. A puff duration of 2
[t length parameterSspecified by the current ISO standard are also appropriate for a prop
oking regime. The group acknowledged the interaction between the various smoking
Fameters sueh that a change in one parameter could directly influence other parameters
pecially evident when the relationships between vent blocking and puff volume are exani
Fious regimes offered below attempt to account for this relationship.

wemrmwﬁmmmmwwvery of
these constituents, including nicotine. The purpose of an intense regime, such as 100 % ventblocking, is

to define an upper range of delivery.

he ad hoc
hddressed
br smoker
at mouth-
ke values
cigarette

regime, a
guidance

fied for an

ense smoking machine regime. It was agreed that all three proposed regimes would prodiice smoke

produced
otentially
standard
strengths

hbilities, a
s and the
osed new
behaviour
This was
ined. The
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Table 24 — Three alternatives for an Intense Smoking Machine Regime based on human
smoking behaviour data

Puff Puff Puff Vent
Option| volume | frequency | duration | blocking Principal rationale

(ml) ©) ) (%)

A 55 30 2 50 1 Based on the upper range of observed
smoker vent-blocking behaviour.

2 Based on the upper range of smoker puff
volume behaviours for most cigarettes sold (5 mg

ISO “tar” yield and above) when 50 % vent blocking
is considered.

3 Puff volume slightly lower than 90t per-
centile for 1 mg ISO “tar” products, basedyon avai
able data.

4 Actual yields observed for,some indi-
vidual smokers of 1 mg ISO “tdr*-yield cigarettes
(~ 15 % to 20 %) may exceed'machine-generated
yields based on these parameters. For other ciga-
rettes, expected to preduice machine yields greatg
than actual average yields experienced by most
smokers.

B 60 30 2 50 1 Puffsvelume based on 90th percentile for
1 mg ISO “tar? yield cigarettes, when 50 % vent
blocking.is'considered.

=

2 Expected to produce machine yields even
gréater than actual average yields experienced by
many smokers of higher ISO “tar” yield cigarettes
(most cigarettes sold).

)

3 Puffing parameters may not be achievabl
with smoking machines used for large scale biolog
cal testing (in vivo studies).

S
—-
]

C 45 30 2 100 1 Exceeds the upper range of observed
smoker vent blocking behaviour.

2 Based on the upper range of smoker puff
volume behaviours when 100 % vent blocking is
considered.

3 Expected to produce machine yields
greater than actual average yields experienced by
most smokers.

4 Limits the relative difference between
smoke yields of different cigarettes to the greateg
extent (~ flat yield curve).

[=3

5 Greatest variability in observed results
expected.

NOTE Current ISO method butt length standard applies in each case.

8.1 Option A

The 50 % vent blocking in this proposed regime was based on published data indicating that maximum
and deliberate ventblocking by either smokers’lips or fingers results in at most 50 % of the cigarette filter
ventilation holes being blocked. The upper range of observed smoker vent blocking behaviour and the
puffvolume (55 ml) was at the upper range of puff volume for most cigarettes sold — that is for cigarettes
that deliver 5 mg or more of tar (as judged by the current ISO or FTC standards). However, based on the
limited data available for cigarettes that deliver 1 mg tar (ISO/FTC), the puff volume is below the 90th
percentile of smokers who use these very low tar delivery cigarettes. An examination of human yield
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data obtained from US filter studies, see reference,[296] indicates that around 15 % to 20 % of smokers of
1 mg tar yield US cigarettes obtained yields in excess of those produced by the Massachusetts smoking
regime. Although Option A has a larger puff volume (55 ml) than the Massachusetts smoking regime,
the group formed the view that some smokers of 1 mg tar yield cigarettes would still exceed the yields
produced by the proposed regime. On the other hand, the group believed that the proposed regime will
produce higher yields than actually experienced by most smokers of products with ISO yields greater
than 5 mg (the vast majority of cigarettes sold in the world today).

8.2 OptionB

entical to
bserved in
ine yields
tar yields

In
th
sm
hig
th:

(Lthis regime, the puff volume is increased to 60 ml but otherwise the parameters are-id
se of Option A. The puff volume in this regime represents the upper range of puff volume, ol
okers of 1 mg ISO/FTC tar yield cigarettes. It is expected that this regime will produce mach
her than those of Option A for all cigarettes, particularly those that have higherdSO/FTC
in 1 mg — most cigarettes smoked.

Fr
old
op
ind
ve
wi
arg
wi
len

bm a practical standpoint, increasing the puff volume to 60 ml may require*a modificatiogn of some
er style smoking machines to fit syringes capable of producing the{required puff volyme. Both
fions A and B require the blocking of 50 % of the ventilation holes. This\is based on experimgntal data
licating that maximum and deliberate vent blocking with lips and figures results in at most 30 % of the
ntilation holes being blocked. However, manually blocking 50 %: of the ventilation holes accurately
Lh tape is a difficult procedure to perform and may be impracticable if a large number of figarettes
e to be smoked. If this option is adopted, it may require thieydevelopment of a new style hplder that
| incorporate a 50 % ventilation block and will be suitablefor use with cigarettes differing in filter
gths, circumferences and positions of ventilation.

8.3 OptionC
5 aimed at
br fingers.

erimental

In
de

Lhis option, the vent blocking (100 %) exceeds the degree of blockage reported from studie
fermining the degree of blockage when smokers deliberately and maximally block with lips
e 45 ml puff volume is based on the upper range of smoker puff volumes observed in exp
conditions where 100 % ventblocking isimposed. This regime is likely to produce machine yields greater
thqn actual average yields experieniced by most smokers, irrespective of the type of cigarette smoked.
One practical advantage of this option is that a 100 % vent block with tape is far easier to achieve than
anfaccurate 50 % vent block.

Variability andreproducibility of data

All of the options (A,'B"and C) will diminish the relative difference between smoke yields o
cigarettes. Option Gwill do this more than Option A or B. In addition, studies comparing the rep
se¢ reference,[2971 (measurement variability within a laboratory) and reproducibility, see refer
easurement variability from different laboratories) of yield data obtained from the
Mdssachusetts (50 % vent block) and Canadian intense (100 % vent block) regimes indicateg

[ different
eatability,
ence,[298]
ISO/FTC,
s that the

surement
C (100 %
, with the
largest degree of Varlablllty expected for Carbon monox1de measurements The current ISO standard
(ISO 4387) requires reporting average tar (i.e. NFDPM) yields per cigarette “to the nearest 1 mg.”
Given the increase in measurement variability expected with a more intense smoking regime, such a
requirement should be carefully considered when developing any new reporting guidelines associated
with a more intense smoking method.

three proposed options are likely to result in poorer precision (i.e. greater absolute meg3
va 1ab111ty) than the current ISO/FTC reglmes For reasons that are not entlrely clear optlon

8.5 Gaps in knowledge

There was a general recognition within the group that no single machine regime could model human
smoking behaviour. All of the data reviewed indicated a) large differences between the puff parameters
of individuals smoking the same type of cigarettes, b) changes in puff parameters that occurred within
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individuals as they smoked single cigarettes and c) smokers may vary their puff parameters when

smoking t

he same cigarette type on different occasions.

There is a paucity of data from countries outside North America and Europe. Some of the studies
emanated from smokers in Brazil, Australia and New Zealand, but the vast majority of the data were
from studies in Europe and North America. This was recognized as a particularly important deficit
because of the large smoking population in developing countries.

There was very little data available on smoking topography of smokers using very low yield cigarettes
(1 mgto 3 mgtar, ISO) Slmllarly, there were very few smoke uptake studles with smokers smoklng these

these pro

The gene
fraction d
componer
As such, fi
CUrves res
observed

iucts 1t was felt that more data from thls group of smokers would perhaps better mform
recommendation of a new smoking standard.

Fal relationship(s) between smoke intake (mouth level exposure) and smoke uptake (
f smoke retained by the smoker) have not been widely established for individual smd
ts, widely diverse smoking populations and cigarettes from different geographical regio
r a range of cigarettes with different ISO tar yields, the slope of smoke (tar or nicotine) yi
ulting from a new method may not be identical to the slope of smoke (dicotine) uptake cury
n population-based studies.

Finally, thlere are no data on the machine yields of any of the options presented. The recommendatid

and delib
interact ix

brations were guided by extant data and interpretations<of how the various paramet
| smokers.
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