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SUMMARY

The Technical Committee 1SO/TC 126 “Tobacco and
tobacco products’ of the International Organization for
Standardization set up Working Group 7 to develop and test
amethod for the determination of “tar” and nicotine yield
when fine-cut smoking articles (FCSAS) are smoked by
routine-analytical smoking machines. FCSAsareindividu-
ally made by consumers using tobaccos manufactured for
enclosure in paper wrappers (i.e. leaflets and tubes — with
or without filters). This paper recordsthe history of method
development, defines terms and explains the differences
between measurements made on FCSAsand commercially
factory made cigarettes. Individual consumer making
practices are represented by the specification of four hand-
made article types using two wrappers of different physical
properties each with either 400 mg or 750 mg tobacco.

I SO Standards require estimates of the repeatability (r) and
reproducibility (R) of analytical methods, so the working
group has conducted a collaborative study. The values of r
and R were determined using the definitions given in ISO
5725-2 (18). Twenty laboratoriestook part and tested three
different commercia tobacco blends according to the
standard method. The detailed protocol for the study is
givenin Annex A. Annex B isanillustrated manual used as
atraining aid for laboratory personnel withlittleexperience
of making FCSAs.

After the smoking was completed, the laboratory data were
examined for outlying points by the methods of Grubbs and
Cochran. It was found necessary to exclude the data from
one laboratory prior to statistical analysis otherwise the
incidence of outliers was low (1.41%). Vaues of r and R
were calculated from the results of one-way anayses of
variance (within and between laboratories) for smoke
nicotine and nicotine-free dry particulate matter (NFDPM).

* Received: 12" June 2003 — accepted: 29" March 2004

** Edited from contributions made by members of the planning sup-
group.

The data for the 19 laboratories are given in Annex C. The
qudity of the data is high as is shown by the comparisons
made between the r and R values for the articles and those
for the monitor test pieces which were used to confirm that
smoking conditions run-to-run were satisfactory. The range
of NFDPM and smoke ni cotineyieldsresulting from thefour
designs of articlesislarge for each of the three blends. The
measured NFDPM vyields of the four designs are ranked in
the same order by al of the laboratories and al pairs are
statistically different for every laboratory. For smokenicotine
theranking order isthesamefor al laboratories. All pairsare
gatigticaly different in al but three |aboratories for which
only the 400 mg articles were not statistically different.
Ther and Rdataaregivenintablesandin graphical represen-
tation. The graphs show that r and R increase with the mean
values of NFDPM and smoke nicotine yields. Such atrend
has aso been found in studies using factory-made cigarettes.
A comparison of results shows that r values for articles are
approximately 40% greater and R values about 100% greater.
The variability of individual hand-made articlesin this study
is likely to be much greater than the variability of machine-
made matched cigarette samples. The method detailed in SO
15592-3, therefore, issatisfactory for general adoptionevenin
laboratories where there has been little previous experience.
[Beitr. Tabakforsch. Int. 21 (2004) 139-155]

ZUSAMMENFASSUNG

Die Arbeitsgruppe 7 (WG 7) des Technischen Komitees
ISO/TC 126 , Tabak und Tabakerzeugnisse” der Interna
tionalen Organisation fir Normung hat eine Methode zur
Bestimmung desbeimroutineméssigen Abrauchenvon Fein-
schnitt-Tabak-Rauchkorpern (FCSAS) in Rauchmaschinen
anfallenden Kondensat- und Nikotingehalts erarbeitet und
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getestet. FCSAs werden von den Konsumenten unter
Verwendung von Feinschnitttabaken und Umhillungs
materiaien (Blattchen und Réhrchen —mit oder ohne Filter)
selbst hergestellt. In diesem Bericht wird die Geschichte der
Erarbeitung der M ethode dargestelIt, eswerden Begriffe defi-
niert sowiedie Unterschiede zwischen FCSAsundindustriell
gefertigten Zigaretten bel der Bestimmung der Abrauchwerte
erklart. Dieindividuellen Herstellungspraktiken der Konsu-
menten werden anhand von vier handgefertigten FCSA-
Typen unter Verwendung von zwel unterschiedlichen Ziga
rettenpapierhtllen mit unterschiedlichen physikalischen
Eigenschaften und einer Tabakeinwaage von 400 mg
beziehungsweise 750 mg dargestellt.

Da SO Normen eine Bewertung der Wiederholbarkeit (r)
und Reproduzierbarkeit (R) der Analysenmethoden erfor-
dern, fihrte die Arbeitsgruppe eine Ringuntersuchung
durch. Die Werte fur r und R wurden auf der Basis der in
ISO 5725-2 (18) angegebenen Definitionen bestimmt.
Zwanzig teilnehmende Labors untersuchten nach der
Standardmethodedrei verschiedene handel siibliche Tabak-
mischungen. Das ausfihrliche Studienprotokoll ist im
Anhang A wiedergegeben. Anhang B ist eine illustrierte
Arbeitsanleitung fur Laborpersonal mit geringer Erfahrung
in der Herstellung von FCSASs.

Nach Beendigung des Abrauchens wurden die Labordaten
mit Hilfe der Grubbs- und Cochran-Methoden nach Aus-
reil3ern untersucht. Der Ausschluss der Daten eines Labors
vor der statistischen Anayse wurde a's notwendig erachtet,
ansonsten war die Haufigkeit der Ausreif3er gering (1,41%).
Die Werte fur r und R wurden auf der Basis der Ergebnisse
von Varianzanalysen (innerhab der Labors und zwischen
den beteiligten Labors) fir Rauchnikotin und nikotinfreies
Trockenkondensat (NFDPM) berechnet. Die Abrauchdaten
der 19 Labors sind im Anhang C wiedergegeben. Die
Validitét der Daten ist hoch, was sich beim Vergleich der
Wertefir r und Rvon FCSAsund Referenz-Zigaretten zeigt.
L etzteredienten zur Bestétigung, dassdie Rauchbedingungen
von Testlauf zu Testlauf zufriedenstellend waren. Die
Unterschiede im NFDPM und Rauchnikotingehalt, die sich
bei den vier verschiedenen FCSAs ergaben, zeigen fir jede
der drei Tabakmischungen einegrof3eVarianz. Die Rangfol-
gen der gemessenen NFDPM-Werte fir die vier FCSA-
Typen sind in alen Labors gleich und die Unterschiede in
jedem Labor datistisch signifikant. Die Rangfolge fir
Rauchnikotinist bel alen Laborsdiegleiche. Der paarweise
Vergleich zeigt in allen Labors tatistische Signifikanz mit
Ausnahmevondrel Labors, in denen die FCSAsmit 400 mg
nicht statistisch signifikant unterschiedlich sind.

Die Daten fir r und R sind in tabellarischer und grafischer
Form dargestdllt. Die grafischen Darstellungen zeigen, dass
r und R bel steigenden Mittelwerten von NFDPM und
Rauchnikotin zunehmen. Ein solcher Trend hat sich auchin
Studien mit industriell gefertigten Zigaretten gezeigt. Ein
Vergleich der Ergebnisse mit Fabrikzigaretten zeigt, dassdie
Werte fir r fir FCSAs etwa 40% und die Werte fir R etwa
100% hoher liegen. Die Varianz handgefertigter FCSAs
scheint in dieser Untersuchung viel gréRer zu sein as bei
industriell gefertigten Zigarettenproben. Diein SO 15592-3
festgelegte Methode ist daher fur eine algemeine Anwen-
dung zufriedenstellend, selbst in Labors, in denen nur Uber
geringe Erfahrungenin Fertigung und Abrauchenvon FCSAs
verfigt wird. [Beitr. Tabakforsch. Int. 21 (2004) 139-155]
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RESUME

Legroupedetravail no. 7 du comitétechnique | SO/TC 126
« Tabac et produits du tabac » de I’ Organisation internatio-
nale de normalisation a dével oppé et testé une méthode de
détermination des rendements en goudron et nicotine
d objets a fumer a base de tabac arouler (OFTR), al’aide
d’ une machine afumer analytique de routine. Lesfumeurs
confectionnent les OFTR en roulant du tabac arouler dans
uneenvel oppe de papier appropriée (cahierset tubes—avec
et sansfiltre). Cet article retrace |’ historique de lamise au
point de laméthode, définit |es différents termes employés
et explique les différences entre les mesures réalisées sur
des OFTR et celles sur des cigarettes commerciales faites
industriellement. Afin de tenir compte des différentes
pratiques des consommateurs, quatre objets a fumer sont
confectionnés a partir de deux enveloppes ayant des
propriétés physiques différentes, et de deux masses de
tabac, 400 mg et 750 mg.

Lanormel SO nécessitant I’ estimation de larépétabilité (r)
et de la reproductibilité (R) des méthodes analytiques, le
groupe de travail amené une étude collective. Les valeurs
der et R ont été déterminées en utilisant les définitions
donnéesdans!’1SO 5725-2 (18). Vingt laboratoiresont pris
part & cette étude collective, au cours de laquelle trois
mélanges de tabacs commerciaux ont été testés selon la
méthode proposée dans la norme. Le protocole détaillé de
I’ étude est donné dans |’ annexe A. L’ annexe B est un mode
opératoire illustré, pouvant servir de référence a des
personnelsdelaboratoire peu familiarisésavec laméthodo-
logie de confection des OFTR.

Une fois les mesures de fumages achevées, les données des
laboratoires ont éé analysées afin d'éiminer les valeurs
aberrantes selon le test de Grubbs et Cochran. Il S'est ainsi
révélé nécessaire d'éiminer les données provenant d'un
laboratoire avant d effectuer I’ exploitation statistique. Les
valeursder et R, pour lamesure delanicotinedanslafumée
et de lamatiére particulaire anhydre et exempte de nicotine
(NFDPM), ont été calculées a partir d'une analyse de
variance aun facteur (intraet inter laboratoire). Lesrésultats
des 19 |aboratoires sont donnés dans I’ annexe C. Les résul-
tats obtenus sont satisfai sants comme en témoignelacompa
raison entrelesvaleursder et de R obtenues pour lesOFTR,
et celles obtenues pour les cigarettes de référence (monitor)
utilisées lors de I'éude dans le but de véifier que les
conditions de fumage entre chaque série éaient satisfaisan-
tes. Les valeurs des rendements en NFDPM et en nicotine
danslafumée mesurées pour chacun des quatre OFTR, sont
comprises dans une large éendue pour chacun des trois
mélanges testés. Les rendements en NFDPM mesurés pour
chacun des 4 OFTR sont classés dans |le méme ordre par
chacun des laboratoires, et les différents couples sont tous
différents pour chacun deslaboratoires. Le classement des4
OFTR pour lanicotinedanslafumée est également identique
pour tous les laboratoires. Les différents couples sont tous
différents pour chacun deslaboratoiresal’ exception detrais,
pour lesquels il n’est pas observé de différence statistique
pour les articles 2400 mg.

Lesvaeursder et de R sont données dans des tableaux et
sous forme de représentation graphique. Ces graphiques
montrent que les valeurs der et de R augmentent avec la
valeur en NFDPM, ainsi qu’ avec lanicotinedanslafumée.



Une telle tendance a déja été mise en évidence dans des
études effectuées sur des cigarettes industrielles. Une
analyse comparative desrésultatsmontre quelesvaleursde
r sont d’ environ 40% plus grandes pour les OFTR, et que
les valeurs de R sont environ 100% plus grandes. La
variabilité de chacun des OFTR préparés manuellement
dans cette étude a tendance a étre supérieure a celle de
cigarettes préparées industriellement. Cependant, la
méthode | SO 15592-3 est satisfaisante et peut étre adoptée
méme par des laboratoires ayant peu d’ expérience. [Beitr.
Tabakforsch. Int. 21 (2004) 139-155]

INTRODUCTION
Hand made smoking articles

Tobacco intended for consumers to make into smoking
articlesisvariously known asfine-cut, handrolling, rolling,
shag, roll-your own (RY O) tobacco etc. Articlesmadefrom
such tobaccos are referred to here as Fine Cut Smoking
Articles (FCSAS). A FCSA is essentially a quantity of
tobacco rolled manually in a wrapper normally a piece of
paper. In order to produce astandard method many detailed
propertiesof thearticlemust be specified to take account of
the way tobacco is used.

When a smoker chooses to smoke hand made articles, he
(or she) has to select the type of tobacco and the type of
wrapper. Itisalso amatter of personal preferenceasto how
much tobacco is placed in an article. Tobacco and some-
times a filter are placed in a wrapper, roughly rolled
between the fingers and thumb and the paper lap sealed.
The shape and diameter of the resulting cylinder can vary
greatly according to the mass of tobacco, the width of the
wrapper and how the article is made. A variety of hand-
held making devices exist to refine the process and make a
more uniform product. Some are designed to fill a pre-
formed tube that may or may not be attached to afilter tip.

Sandardization

A redlistic set of standards for fine-cut tobacco must offer
arepeatable and reproducible method to give smoke “tar”
and nicotinedatarel evant to hand-made productsthat might
be made by aconsumer taking into account the differences
between cigarettes and FCSAs.

For cigarettes the mass of tobacco, the type of cigarette
paper, the presence or absence of afilter arefixed oncethe
choice of brand has been made. A set of International
Organisation for Standardisation (ISO) standards exists
from sampling through to the measurement of “tar” and
nicotine asaresult of aroutine smoking regime (1-7). Itis
possible to make a proper statistically based sampling of
the cigarettes that may be held, lit and smoked in the
standard smoking machine to provide the determinations.
For FCSAs, different masses of tobacco are used according
to the personal choice of the consumer. Studies have been
made and are reported in summary in (8) and specifically
in DARRALL and FIGGINS (9), KAISERMAN and RICKERT
(10) andDYMOND (11,12). Different wrappersare used and
the physical make up of the papers employed can lead to
different rates of burn characteristics of the finished

articles. The cut-width of fine-cut tobaccos is in general

less than in factory manufactured cigarettes and tobacco is

supplied at higher moisture contents. The article property

(mass, wrapper etc.) surveysshow that national differences

exist. A set of standards therefore must attempt to take

account of these differences. Two ISO standards already
exist:

» 1S0 15592-1 (13) dealswith sampling fine-cut tobacco
and because tobacco is normally sold in pouches the
method differs from that for cigarettes (1). This is
because it is not possible to mix tobacco from severa
pouches without degradation so articles must be made
from each pouch and tested as a sampling unit.

» SO 15592-2 (14) deals with the temperature and
relative humidity conditions for tobacco and FCSA
conditioning prior to testing. These differ from those
specifiedin (2) becausefine-cut tobacco hasaconsider-
ably higher moisture content than tobacco used in
factory made cigarettes.

Thework of the Cooperation Centrefor Scientific Research
Relative to Tobacco (CORESTA) (8) has reported that
FCSAs cannot be held reliably in the labyrinth holders
specified in | SO 3308 (three rubber diaphragms with holes
sized appropriately to the diameter of the cigarette to be
tested) without unacceptable leskage during puffing. A
holder was specially developed by members of the
CORESTA task force to hold agreater length of the article
inathinwalled rubber tube. It makes a more effective sed
with the less uniform structure of the articles. It isin fact
not unlike the cigarette hol ders of the 1960s primarily used
for plain cigarettes. To ensuretherubber tubeisnot burned,
the articles cannot be smoked to butt lengths shorter than
27 mm.
The CORESTA task force did many studies and collabora-
tive tests in order to find ways of representing the wide
range of habitsof consumers. Thereport (8) recordsthe use
of two types of wrapper of different properties that repre-
sent a great proportion of usage (at least in Europe). Also
the data from the smoker surveys allowed the selection of
two tobacco masses that reasonably cover the range used.
These two facts result in the conclusion that a matrix of 4
determinations could reasonably represent the “tar” and
nicotine yield of a sample of fine-cut tobacco. It should be
noted that the matrix attempts only to represent making
practice of different consumersfor the purpose of preparing
articles for routine smoking anaysis. As with factory
cigarettes how a consumer smokes a FCSA is another
matter concerning personal choice. The analytical data
produced (as, indeed, with cigarettes) are valuable for
product ranking purposes but not necessarily for estimates
of consumer intake of smoke components.

For the reasons above, the use of the smoking machine and

method of smoking machine standards (3) and method of

smoking standard (4) cannot be used directly. The modifi-
cations necessary to apply them to FCSAs became the
subject of a new work item in the programme of 1SO/TC

126 Tobacco and tobacco products. A working draft

ISO/WD 15592-3 was made by the TC 126 Secretariat

based on (4) allowing for the cigarette/FCSA differences

and some of thefindings of (8). A working group of experts

(WG 7) was convened at the beginning of 2000 in order to

add urgency to the development of the draft.
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An 1SO working group consists of two experts hominated
by any member body e.g. Association frangaise de
normalisation (AFNOR), Deutsches Institut fir Normung
(DIN), Nederlands Normalisatieinstituut (NEN) etc.
wishing to take part in the work. The experts so hominated
included thosewith tobacco and wrapper paper interestsbut
also some from regulatory bodies or alaboratory advising
aregulator. The group’ s task was to produce a Committee
Draft (CD), the next stage in the ISO process. Consensus
was reached for such a draft but not with complete agree-
ment. The CD met with a vote of approva by TC 126
membersand thedraft reached Draft International Standard
(DIS) status in February 2002 and has subsequently been
published as an International Standard (15). 1SO directives
require estimatesof repeatability (r) and reproducibility (R)
at the DIS stage prior to publication as an International
Standard.

In summary the major changes to the ISO Standard for
machine smoking cigarettes are the use of a special longer
FCSA holder, a consequent increase in butt length to 27
mm and the matrix of four articles. The values of the
machine puffing parameters remain the same; 1 puff per
minute of duration 2 s and volume 35 mL Determinations
of water and nicotine in smoke condensate (5,6,7) are
directly suitable for use.

THE COLLABORATIVE STUDY

A small subgroup of members of WG 7 met with the help
of three statisticians in order to plan a study using
I SO/CD15592-3 and based on the principles set out in SO
5725-1 (17). The protocol ? (somewhat abridged) for the
study isgiven in Annex A. It was agreed that the analysis
of the data should in general follow the recommendations
embodied in 1SO 5725-2 (18). It is recognised, however,
that thetreatment of outliers(described bel ow) issomewhat
different from these recommendations.

The dtatisticians wished to minimise any rejection of
suspect data. By setting theacceptance/rgjectionlimitat 2.5
for the standardised residuals derived from the analyses of
variance the rejection rate was lower than that to be
expected fromtherecommended procedureusing Cochran's
test. The one-way analyses of variance resulted in the
rejection of individual data points rather than the rejection
of the complete set of data from alaboratory (for asingle
analyte from asingle FCSA variant).

The Cochran and Grubbstests [as described in 1SO 5725-2
(18)] were used after the removal of individual data points
using one-way analyses of variance. The outcome of these
tests for the main target variables (NFDPM and nicotine)
identified only three subsets of data for rejection, and two
of these (nicotine; laboratory 7) were subsequently found
to be suspect (see below).

Three samples of fine-cut tobacco were supplied. The
blends were: 1) A finely cut fire-cured tobacco blend used
for rolling and mainly sold in the Netherlands (coded Red);
2) A dlightly more coarsely cut blend of roughly equal
proportionsof fire- and flue-cured tobaccos, mainly soldin
Europe (coded White); 3) A blend of flue-cured tobacco

& The protocol, as issued to the participants, is available in electronic
form from the editorial office of the journal.
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with a small proportion of air-cured tobacco somewhat
more coarsely cut than either blend 1) or 2) sold mainly in
Scandinavian countries (coded Y ellow).

Two types of wrapper were supplied as tubes made from
paper conforming to the type A and B wrapper specifica-
tions given in ISO/CD 15592-3. Each type was used to
make articles at each of two tobacco masses, 400 mg and
750 mg, for each of the three blends. Each of the 12 FCSA
variants was given a two character aphanumeric code to
indicate the blend and configuration used in the design. R,
W or Y indicated the use of Red, White or Y ellow blend,
respectively, and 1, 2, 3 or 4 indicated to which of the four
designs (1 = 400 mg of tobacco with A type wrapper tube
of 5.2 mm diameter; 2 = 400 mg of tobacco with B type
wrapper tube of 5.2 mm diameter, 3 = 750 mg of tobacco
with A type wrapper tube of 7.2 mm diameter, 4 = 750 mg
of tobacco with B type wrapper tube of 7.2 mm diameter),
as defined in 1SO 15592-3, the articles were made.
Twenty laboratories took part (see Acknowledgement). Of
these 19 were from Europe and one from Australia. Three
laboratories had regulatory interests and some had not used
the entire procedure before. One of the laboratories com-
piled a manual to aid the use of the specified making
apparatus; thisis reproduced in Annex B.

Smoking plansincluded the use of the CORESTA Monitor
3 (CM3) asamonitor test piece [the subject of SO 16055
(16)]. It is a filter-tipped cigarette taken from a batch
produced under special and controlled manufacturing
conditions. It isused to monitor the stability of the analyti-
cal processes to determine NFDPM and smoke nicotine
yields when using a smoking machine.

Satistical treatment of the data — detection of outlying
observations

The data from this experiment arrived for analysis during
the period 3rd October 2001 to 7th November 2001, the
data from each laboratory arriving as (usually) an Excel
worksheet, enabling it to be readily collated with any data
setsalready received. Asthe various data setswere succes-
sively collated it became apparent that the data from one
laboratory showed major discrepancies when compared
with the data from other laboratories currently available.
The laboratory concerned was contacted and after some
investigation, it was agreed that its data should be with-
drawn from the analysis. It was also agreed that the results
of thefinal analyses of the study would be made available
to assist in the eradication of the problemsthat gaveriseto
the observed discrepancies. Thus, although 20 |aboratories
took part in the experiment, the datafrom only 19 was used
in the final analyses.

The reported value of NFDPM for each smoking was
compared with the value calculated as total particulate
matter (TPM) — nicotine — water. Differences greater than
0.1 mg represented an error in the reported data. These
errors were eliminated by referral to the laboratories.

Two types of smoking machine were used in this study.
Linear machines have 20 ports and 20 channels, five
FCSAs were smoked through each of these 20 channels
during a single smoking run. Rotary machines have one
port and 20 channels, 20 FCSAs were smoked through
these channels during a single smoking run. In order to



Table 1. Linear smoking machines — numbers of outlying
points

FCSA NFDPM Nicotine

R1
R2
R3
R4
w1
w2
w3
w4
Y1l
Y2
Y3
Y4
Total
Error rate 1.78% 1.78%
Monitor (CM3) 8 5
Error rate 1.68% 1.05%

Lorrordnoowwws
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Table 2. All smoking machines — number of outliers from
pooled data averaged over 20 FCSAs

FCSA NFDPM Nicotine
R1 1 1
R2 1 1
R3 0 1
R4 2 1
w1 2 1
w2 1 3
w3 1 1
w4 2 0
Y1l 2 2
Y2 0 1
Y3 1 1
Y4 3 2
Total 16 16
Error rate 1.41% 1.41%
Monitor (CM3) 5 2
Error rate 1.77% 0.70%

make the resultsfrom the two types of machine compatible
for acombined analysis, the smoking plans (see Annex A)
required that for the linear machines FCSAS of the same
specification were smoked in four channels within asingle
run; thus both linear and rotary machines smoked 20 FCSAs
of the same specification within a single smoking run. Indi-
vidual outliers in the data for each run from the linear
smoking machines were detected using one-way analyses of
variance (between and within laboratories) for each anayte.
The standardised residuals from these anayses were exam-
ined, and those whose absolute value was greater than 2.5
were deemed to be outliers. Table 1 shows the number of
points detected as outliers in the data from linear machines.
Note that these outliers are based upon the means obtained
from smoking five FCSAs (or five monitor test pieces).

Thedatafromthe linear machineswere then averaged over
the smoke runs of 20 FCSAs (or 20 monitor test pieces) to
reducethe datafromthe linear machinesto the sameformat
as that obtained from rotary smoking machines. These
averages were taken over the four channelswithin asingle

Table 3. Laboratories omitted from the analyses, Grubb’s test

FCSA Puffs TPM  Water Nicotine NFDPM
R1 13,17

R2

R3 13,17

R4 13,17

w1 16, 20

w2

W3 17

w4 172 17 17

Y1 (7)°
Y2 7
Y3 7
Y4 17 (7°
Monitor (CM3)

# Laboratory 17 for this table element was also excluded on the
basis of the Cochran’s test.

® Nicotine data of laboratory 7 were removed from the analyses,
see text for further details.

run using the same FCSASs (or monitor test pieces). The
data from the linear and rotary smoking machines were
then combined into a single data set and outliers for each
smoke run were detected using one-way analyses of
variance (between and within laboratories) for each analyte
for each FCSA configuration, or the monitor test piece. The
standardised residual sfrom these analyses were examined,
and those whose absol ute value was greater than 2.5 were
deemed to be outliers. Table 2 shows the number of points
detected as outliers in the pooled data averaged over 20
FCSAs or monitor test pieces from all machines.

Having removed outlying data points as described above,
outlying laboratories (for each analyte for each FCSA/mo-
nitor) were detected using the Grubbs and Cochran tests.
The Grubbstest is based on laboratory means and is aimed
at detecting those laboratories whose mean result differs
significantly from the mean results of the other laboratories
taking part in the study. It detects any laboratory whose
mean issignificantly either low or high, any pair of labora-
torieswhose meansare both significantly either low or high
and any pair of laboratories one of whose meansissignifi-
cantly low and the other significantly high. The Cochran
test is based upon within laboratory variances and isaimed
at detecting those laboratories whose results are signifi-
cantly more variable than the results of the other laborato-
riestaking part in the study.

Table 3 shows which laboratories were rejected using the
Grubbstest and the only laboratory to be rejected using the
Cochran’ stest. Within the body of the tablethe appearance
of two laboratory codesin the same cell indicatesthat these
laboratories were detected as an outlying pair.

Following the completion of the outlier detection proce-
duresit was noted that the nicotine datafor FCSAsY 1 and
Y 4 from laboratory 7 also came close to the critical point
for rejection. Discussions with the laboratory concerned
indicated that the nicotine data from all the Y numbers
FCSA configurations may all be suspect. It was therefore
decided that all these subsets of the data should be removed
fromtheanayses. Thisdecisionisreflected by the codefor
laboratory 7 being italicised in bracketsin Table 3.
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Table 4. NFDPM yield; mean, repeatability (r) ® and reproduci-
bility (R) # values

Table 5. Nicotine yield; mean, repeatability (r) *and reproduci-
bility (R) ® values

Tobacco Value (mg) Tobacco Value (mg)
Blend type mass (mg) Parameter Wrapper A Wrapper B Blend type mass (mg) Parameter Wrapper A Wrapper B
Fire-cured 400 Mean 9.4 12.1 Fire-cured 400 Mean 1.00 1.25
(Red) r 1.41 1.61 (Red) r 0.136 0.173
R 2.69 3.74 R 0.349 0.453
750 Mean 15.7 19.8 750 Mean 1.74 2.09
r 1.64 1.72 r 0.220 0.239
R 3.13 4.06 R 0.402 0.547
Fire-cured/ 400 Mean 8.2 10.7 Fire-cured/ 400 Mean 0.65 0.82
flue-cured r 1.02 1.31 flue-cured r 0.083 0.108
(White) R 2.70 3.55 (White) R 0.236 0.334
750 Mean 14.6 18.4 750 Mean 1.14 1.39
r 1.50 1.57 r 0.136 0.161
R 3.07 5.46 R 0.286 0.432
Flue-cured/ 400 Mean 7.7 10.1 Flue-cured/ 400 Mean 0.51 0.65
air-cured r 0.97 1.27 air-cured r 0.073 0.080
(Yellow) R 2.32 3.06 (Yellow) R 0.192 0.228
750 Mean 13.9 17.4 750 Mean 0.93 1.14
r 1.53 1.76 r 0.103 0.110
R 3.32 4.52 R 0.224 0.300
CORESTA Mean 15.0 CORESTA Mean 1.21
Monitor 3 r 0.94 Monitor 3 r 0.087
(CM3) R 1.98 (CM3) R 0.216

& For the purpose of calculating r and R one test result was
defined as the mean yield obtained when smoking 20 FCSAs in a
single run.

Calculation of repeatability (r) and reproducibility (R)

The data from each of the 19 laboratories after removal of
outliers as described above are given in Annex C, Tables
CltoCb.

The values of repeatability (r) and reproducibility (R) are
based on the dataafter outlier removal, and calculated from
the results of the one-way analyses of variance (between
and within laboratories) for nicotineand NFDPM, for each
FCSA configuration and for the monitor test piece. The
values of r and R are shown in Table 4 for NFDPM and
Table 5 for smoke nicotine together with the values of
mean yield. These are the tables requested for ther and R
statementsin |SO 15592-3.

DISCUSSION
Quality of the data

Tables 1 and 2 show that for NFDPM and nicotine the
incidence of outliers was low; 1.78% for the linear ma-
chines and 1.41% for the linear plus rotary machine data
combined. Table 3 shows that for the target analytes there
was only one outlying laboratory (laboratory 7) and that
only for smoke nicotine for the blend coded Y ellow.
Theexperimental procedure specifiedin SO 15592-3 calls
for the use of a monitor test piece. Such monitors are
generally available and are the subject of 1SO 16055 (16).
They are used to confirm that test smoking conditions are
satisfactory and the CORESTA Monitor 3 (CM3) was
included in the study for this purpose.
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@ See footnote Table 4.

Itisinteresting to compare ther and R values for the CM3
from this study with those previously reported for factory
made cigarettes. The values of r and R for the CM3 arein
line with the collaborative data for conventional factory
made cigarettes as reported for NFDPM measurement in
ISO 4387 and for smoke nicotine measurement in SO
10315. Figures 1 to 4 illustrate this. This provides a good
indication that the participantsin this collaborative had the
necessary expertise to perform the analyses.

Review of data against matrix principle

The four designs of article (two wrappers x two masses of
tobacco) were chosen to represent a wide range of con-
sumer making practices. For the designs to provide mean-
ingful information to the consumer, they should resultin a
wide range of NFDPM and smoke nicotine yields, and the
yieldsof any pair should be significantly different. It can be
seen from Tables 4 and 5 that the range of NFDPM and
smoke nicotine yieldsis large, the highest yielding design
being at least twice that of the lowest, for each of the three
blends.

The measured NFDPM vyields of each of the four designs
are ranked in the same order by all of the laboratories and
al pairs are statistically different for every laboratory.
Figures C2, C7 and C12 of Annex C illustrate the rank
order.

The smoke nicotine yields of each of the four designs are
ranked in the same order by all of the laboratories and all
pairs are statistically different for all but three |aboratories
for which only the 400 mg articles were not statistically
different. Figures C3, C8 and C13 of Annex Cillustrate the
rank order.
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Figure 2. ISO/DIS 15592-3 and ISO 10315 repeatability values
for smoke nicotine

Graphical presentation of the repeatability (r) and
reproducibility (R) data

It isobvious, frominspection of the valuesin Tables 4 and
5, that r and R are not fixed, but increase with the mean
NFDPM and smoke nicotineyields. Thisis not surprising
as the same trend can be seen for the r and R values
provided for factory made cigarettesin 1SO 4387 and 1SO
10315 (see Figures 1 to 4).

When testing other brands of fine-cut tobacco, it is only
possible to relate directly to the r and R values in the
Tables4 and 5 if the measured NFDPM or smoke nicotine
yield is the same value as reported in these tables. In this
situation it is often more convenient to derive values from
regression equationslinking themtothemean NFDPM and
smoke nicotine yields.

It was observed that a better estimation of r and R for a
particular smoke nicotine or NFDPM value might be
achieved by considering separate regressions for each of
the two tobacco masses. This is not surprising when the
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Figure 3. ISO/DIS 15592-3 and ISO 4387 reproducibility values
for NFDPM
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Figure 4. ISO/DIS 15592-3 and ISO 10315 reproducibility values
for smoke nicotine

differences between the two product groups are considered
i.e. the 750 mg and 400 mg articles were made with
different making devices as well as being smoked in
different holders due to the considerable difference in
diameter. Plots with regression lines are shown in Figures
1 to 4. These should be regarded as indicative and the
extrapolation and use of theselinesbeyond themeanyields
observed in this study should be avoided.

It should be noted that with the exception of the NFDPM
repeatability values for the 750 mg and 400 mg FCSAsin
Figure 1, the gradients are not dissimilar for the two
tobacco masses in Figures 2, 3 and 4. No reason for this
exception has been found.

Comparison with repeatability (r) and reproducibility (R)
values reported in 180 4387 and 1SO 10315

Itisof interest to comparether and R values from this study
with those previously determined for factory made cigarettes
in1S0 4387 and I SO 10315. These comparisonsare madein
Figures 1to 4. It is evident from these figures that the r and
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R values from this study are greater than those reported in
both 1SO 4387 and 1SO10315 for the NFDPM and smoke
nicotine yields, respectively. On average the r values are
approximately 40% greater and the R values approximately
100% greater. Thisisnot unexpected asthevariability of the
hand made articles tested in this study would be much
greater than for the matched samples of factory made
cigarettestested and reported in these standards. The values
of r and Rwould, therefore, be expected to be substantially
inflated by this extra product variability. In addition, the
within laboratory variability in article making would have
been less than between laboratories as the protocol required
each laboratory to use a single operator to manufacture the
articles. This could explain the relative difference in the
increasein ther and R values.

CONCLUSION

It is clear that the method detailed in 1SO 15592-3 is
satisfactory for the determination of smoke yields of
FCSAs. The dataasindicated by the values of r and R are
of good quality within each laboratory and are consistent
from laboratory to laboratory.
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Annex A. Protocol for the Collaborative Study of 1SO/DIS 15592-3

INTRODUCTION

The objective of the study is to determine the between-laboratory
variability and within-laboratory variability of the method described
in ISO/CD 15592-3 in order to estimate the reproducibility R and
the repeatability r of the method. It should be noted that |SO/CD
15592-3 specifies the making and testing of four fine-cut smoking
article (FCSA) configurations (i.e. two wrapper types and two
tobacco masses). Current testing experienceindicatesthat themain
influence on nicotine-freedry particulate matter (NFDPM) yieldis
the configuration (wrappers and masses of tobacco) rather than the
type of tobacco blend used to make the FCSAs. Therefore, values
for repeatability (r) and reproducibility (R) will be determined for
each of the four specified configurations and these values will be
entered into section 11 of 1SO/CD 15592-3 (or 1SO/DIS 15592-3
depending on the progress of the proposed standard).

Note: The values of reproducibility and repeatability obtained
from this study will strictly be applicable only to those types of
fine-cut tobacco used in this study. It was decided that three
would be selected.

WRAPPER TYPES

The following wrapper types have been used:

1) Paper Type A. Wrappers for fine-cut tobacco specified as
type A according to ISO/CD 15592-3.

2) Paper TypeB. Wrappersfor fine-cut tobacco specified astype
B according to ISO/CD 15592-3. Annex A.

TOBACCO TYPES

The majority of the blend-styles on the market are composed of
three curing types “fire-cured”, “flue-cured” and “air-cured”.
Three tobacco blends were selected for this study. These blends
contain one or amixture of these curing types and are sold on the
market. The selected blends are:
1) A finely cut fire-cured tobacco blend used for rolling and
mainly sold in the Netherlands;
2) A dlightly more coarsely cut blend of roughly equal propor-
tions of fire- and flue-cured tobaccos, mainly sold in Europe;
3) A blend of flue-cured tobacco with asmall proportion of air-
cured tobacco somewhat more coarsely cut than either blend
1) or 2) sold mainly in Scandinavian countries.
The production companies will sample the mid-portion of one
batch from their normal production and check that the sampleis
in accord with their specification for the blend.
Per blend type, the tobacco will be packed in blank pouches (50
g) and individually sealed. The fire-cured blend will be packed
in Red pouches, the fire-cured/flue-cured blend will be packed
in White pouches and the flue-cured/air-cured blend in Y ellow
pouches.
Per blend type, the pouches will be randomised and 30 pouches
will be made available to each participating laboratory. Twenty
pouches are to be used for the study and the extra 10 pouches can
be used to practise making the specified articles. This meansthat
each participating laboratory will receive 30 pouches of each of
the three blendsii.e. 90 pouchesin all.
Theproduction companieswill makeat |east 30 1aboratory samples.
Thisis more than the number of laboratories participating, but the
stock will be retained for use if alaboratory does not receive the
first shipment or if additional laboratories wish to be involved.
Each production company will send their laboratory samples by
courier to the contact person and postal address of the participat-
ing laboratories.
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FINE-CUT SMOKING ARTICLES

The tubes and making devices for FCSAs are available from
EFKA-Werke Fritz Kiehn GmbH, Germany; the sleeve holder
componentsare availablefrom Filtronal nstrumentsand Automa-
tion Ltd., United Kingdom, and Heinr. Borgwaldt GmbH,

Germany.

The FCSAsto be used in this study will be made by each partici-

pating laboratory as described in the standard method using the

devices manufactured by EFKA-Werke as detailed below:

» Weigh ten of the 7.2 mm paper tubes or 10 of the 5.2 mm
paper tubes (as supplied) and record the mean weight. The
mean weight of theten tubeswill berequiredin achieving the
overall mean weights of the FCSAs.

» Onreceipt of the tobacco, keep it in the sealed pouchesin an
appropriate room, preferably at 22 °C and 75% RH.

» Open a sedled 50 g pouch, divide the tobacco into small
portions (about 10 g) and place it into airtight containers.
Place the airtight containersin store (if possibleat 22 °C and
75% RH. See SO 15592-2) until required. Do not open more
than one pouch at atime.

» Using one airtight container at a time, weigh sufficient
tobacco to end up with 750 £ 10 mg of the tobacco blend in
the 7.2 mm diameter FCSAs or 400 + 10 mg tobacco in the
5.2 mm diameter FCSAs. The overall weight of the FCSAs
will be the weight of tobacco plus the mean weight of the
paper tube.

Note: The above paragraph is written in this way as different

laboratories have different methods for making the FCSAs. This

study relies on the fact that the mean weight of the 20 articles used
for smoking are within £ 10 mg and that individua articles are
within £ 20 mg. Both these weights are grossweightsi.e. specified
tobacco weight plusthe mean weight of the appropriate paper tube.

» Separate the tobacco to avoid lumps as each amount is
weighed.

» Keep the weighed tobacco in good condition until required
for making.

»  Attach a pre-made tube onto the making device and mark the
end attached.

» Carefully separate the tobacco from oneweighing and spread
it evenly onto the making device.

» Using a spatula, carefully introduce the tobacco into the
receiving chamber of the making device.

» Partialy close the chamber using the lever of the device.

» Reopen the chamber and scrape any remaining strands of
tobacco into the chamber.

» Gently closethe container completely again using the spatula
to ensure that the tobacco is evenly spread and completely in
the chamber.

» Using the thumb to hold the tube in place, gently and
smoothly rotate the lever to push the tobacco into the tube.

» Open the chamber and ensure that no more than afew short
strands of tobacco remain.

» Removethe FCSA from the making device and inspect it for
visual defects, e.g. bad shape, uneven filling, etc. Regject
poorly made articles.

» Push in any tobacco strands hanging from the ends of the
FCSA. Do not cut them off.

» Weightheindividual fine-cut smoking articlesand reject any
that are outside the limit £ 20 mg.

» Mark the insertion depth and butt mark as specified in ISO
CD 15592-3 clause 9.2.3

» Repeat the process to make sufficient FCSAsto produce 110
satisfactory ones for each FCSA configuration.

»  Weigh 22 FCSAs and ensure that the mean weight is within
+ 10 mg of the specified weight.



» Placethe22finished articlescarefully into atin or plastic box
capable of holding 22 FCSAs.

» Number the ting/boxes sequentially, starting at one, sea the
tinand keep it in storeif possible at 22 *C and 75% RH until
required for conditioning prior to smoking.

» Prior to smoking, open the tins of 22 of a batch to be used
such that the articles can be conditioned for at least 72 h but
not more than 10 days at 22 °C and 75% RH as specified in
1SO CD 15592-3 clause 9.4.

» Prior to smoking, weigh and record the mass of the 22
FCSAs.

» Therewill beno subsequent weight or pressuredrop selection
procedures.

Twelve FCSA configurations will be used in this study, each of

the three types of fine-cut tobacco being made into the FCSA

configurations according to the matrix shown in the standard
method.

SMOKING MACHINES

Two types of smoking machineswill be used inthisstudy. 1) 20-
channel linear smoking machinessmoking 5 articlesthrough each
channel on to a 44 mm filter pad. 2) 20-port rotary smoking
machines smoking 20 articles on to a 92 mm filter pad.

Note: Sincethe evaluation of the datafrom this study isto be based
upon the between-laboratory and within-laboratory variahility, the
data from 4 channels of the 20-channel linear smoking machines
must be pooled to provide means from the smoking of 20 FCSAs
s0 as to make the data from the two types of smoking machine
comparable. The details of the mode of pooling will be giveninthe
report of the tatistical analyses of the data.

VARIABLES
Target variables

The variables to be analysed in order to estimate the between-
laboratory and within-laboratory variability (fromwhich Rand r
will be calculated) are NFDPM and nicotine. Other analytical
measurements will be puff number, total particulate matter
(TPM), and water.

Variables to be reported

The variables to be reported fal into two categories; those
ancillary to the tests, and those which will form the basis of the
statistical evaluation of the study.

The ancillary variables are type of smoking machine used,
|aboratory temperature during smoking, relative humidity (RH%)
in the laboratory during smoking, ambient air flow, weight of 22
FCSAs.

Note that 1SO 15592-2 specifies that the Conditioning Atmo-
sphere shall be 22 (+ 2) °C, 75 (x 3) %RH; the Test Atmosphere
shall be 22 (+ 2) °C, and 60 (+5) %RH.

The variablesto be reported for statistical analysis are mean puff
number per FCSA, mean TPM per FCSA, mean nicotineyield per
FCSA, mean water yield per FCSA, mean NFDPM yield per
FCSA.

Dimensions and rounding of test results

Ancillaryvariables: |aboratory temperature (degrees Celsius, ##);
laboratory humidity (percent RH, ##); weight of 22 FCSASs (g,
HH1H).

Analytical variables: puff number (number, ##.#), TPM (mg per
FCSA, ##.##); nicotine (mg per FCSA, #.###); water (mg per
FCSA, ###); NFDPM (mg per FCSA, ##.1).

Note that the rounding of the datato the formats specified above
will take place after any calculations that may be involved. All
calculations will use the laboratory data as recorded using the
maximum number of digits available.

Internal documentation of tests

Eachlaboratory will document the method used following (where
appropriate) therecommendationsof SO 15592-3, and | SO 4387
for the Monitor CM3. It is requested that each laboratory retains
acopy of theinternal documentation of this study for at least six
months after the completion of the study in order to be able to
respond to any queries that might arise from the analysis of the
data. To facilitate the exchange of data, all laboratories will be
asked to send their results to the co-ordinator for collation prior
to the distribution of the data. The validated data from this study
will be made available to all the laboratories participating in the
study.

DESIGN OF THE STUDY
Numbers of fine-cut smoking articles

The study will use the 12 fine-cut smoking article configurations
specified above. The study will also use the CORESTA monitor
test piece CM 3 asamonitor. Each participating laboratory will be
required to smoke 300 monitor test pieces through the standard
labyrinth seal holder. Each participating laboratory will be
required to smoke 100 pieces of the 12 FCSA configurations
through a sleeve holder as specified in 1SO 15592-3.

Smoking plans

The smoking plans show 12 FCSA configurations being smoked.
The configurations are coded as R1, R2, R3, R4, W1, W2, W3,
W4, Y1, Y2, Y3, Y4 and one monitor test piece coded as M
(TablesAl, A2).

FCSA codes

R1: 5.2 mm diameter, Paper A, 400 mg fire-cured blend

R2: 5.2 mm diameter, Paper B, 400 mg fire-cured blend

R3: 7.2 mm diameter, Paper A, 750 mg fire-cured blend

R4: 7.2 mm diameter, Paper B, 750 mg fire-cured blend

W1: 5.2 mmdiameter, Paper A, 400 mg fire-cured/flue-cured blend
W2: 5.2 mmdiameter, Paper B, 400 mg fire-cured/flue-cured blend
W3: 7.2mmdiameter, Paper A, 750 mg fire-cured/flue-cured blend
W4: 7.2 mmdiameter, Paper B, 750 mg fire-cured/flue-cured blend
Y1 5.2mmdiameter, Paper A, 400 mg flue-cured/air-cured blend
Y2: 5.2mm diameter, Paper B, 400 mg flue-cured/air-cured blend
Y3: 7.2mmdiameter, Paper A, 750 mg flue-cured/air-cured blend
Y4: 7.2mm diameter, Paper B, 750 mg flue-cured/air-cured blend
M = CORESTA CM3 monitor

For each FCSA configuration, 5 runs will be required when a
rotary smoking machineisused, and 20 channels of smoking will
be required when alinear smoking machine is used.

For this study, one test result is defined as the mean yield
obtained from smoking 20 FCSAs or 20 monitor test pieces

THE INTERPRETATION OF r AND R

Repeatability (r) isameasure of the ability of asinglelaboratory
to repeat the data from a given anaysis. Strictly, it says that,
under the best possible conditions, alaboratory can expect to get
a given value within the limit of the repeatability 95 times in
every 100 determinations.
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Table Al. Smoking plan for 20-channel machines

2 3 4 6 7 8 9

Py
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=1
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Channel number

10 11 12 13 14 15 16 17 18 19 20

5
R1 R2 R3 R4 M R1 R2 R3 R4
M

1

2 wi W2 W3 W4 wi w2 w3 w4
3 Y1 Y2 Y3 Y4 M Y1 Y2 Y3 Y4
4 M Y1 Y2 Y3 Y4 M Y1 Y2 Y3
5 M R1 R2 R3 R4 M R1 R2 R3
6 M wi W2 w3 W4 M wil W2 W3
7 w4 M wli W2 W3 W4 M wi w2
8 R4 M R1 R2 R3 R4 M R1 R2
9 Y4 M Y1 Y2 Y3 Y4 M Y1 Y2
10 w3 w4 M wi w2 w3 W4 M w1
11 Y3 Y4 M Y1l Y2 Y3 Y4 M Y1l
12 R3 R4 M R1 R2 R3 R4 M R1
13 R2 R3 R4 M R1 R2 R3 R4 M
14 Y2 Y3 Y4 M Y1 Y2 Y3 Y4 M
15 w2 W3 w4 M wi W2 W3 W4 M

M R1 R2 R3 R4 M R1 R2 R3 R4 M
M wi W2 W3 W4 M wi W2 W3 W4 M
M Y1 Y2 Y3 Y4 M Y1 Y2 Y3 Y4 M

Y4 M Y1 Y2 Y3 Y4 M Y1 Y2 Y3 Y4

w4 M wi W2 w3 W4 M wili w2 w3 w4

w2 W3 w4 M wi w2 w3 W4 M w1l w2

R2 R3 R4 M R1 R2 R3 R4 M R1 R2
R1 R2 R3 R4 M R1 R2 R3 R4 M R1

wi W2 w3 W4 M wi W2 W3 W4 M w1

Table A2. Smoking plan for rotary machines

Run FCSA Run FCSA Run FCSA Run FCSA
1 R1 21 R2 41 Y4 61 Y2
2 R2 22 R3 42 Y2 62 Y4
3 R3 23 R4 43 Y1 63 Y3
4 R4 24 R1 44 Y3 64 Y1l
5 M 25 M 45 M 65 M
6 w1 26 Y2 46 w3 66 R2
7 w2 27 Y3 47 w4 67 R4
8 w3 28 Y4 48 w2 68 R3
9 w4 29 Y1l 49 w1 69 R1
10 M 30 M 50 M 70 M
11 Y1 31 w4 51 Y3 71 W2
12 Y2 32 w2 52 Y4 72 w4
13 Y3 33 w1 53 Y2 73 W3
14 Y4 34 W3 54 Y1 74 w1
15 M 35 M 55 M 75 M
16 w2 36 R4 56 R3

17 w3 37 R2 57 R4

18 w4 38 R1 58 R2

19 w1 39 R3 59 R1

20 M 40 M 60 M

Reproducibility (R) isameasure of the closeness of agreement of
two laboratories to get the same result. Strictly it says that two
laboratories, operating the method under the best possible
conditions, can be expected to get results within the limit of
reproducibility 95 timesin every 100.

However, there are anumber of important factorsto bear in mind
when interpreting these data. The data have been obtained under
conditionsthat are carefully chosen to test the analytical method
and they do not take into account that in practice: 1) More than
one operator may be involved in the analyses; 2) More than one
set of apparatus may be used. These two factors will affect the
variability within asingle laboratory.

The datafor r and R have been obtained on alimited number of
samples, different values may be obtained for different samples.
This could affect both within and between laboratory variability.
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Thedatafor r and Rwere obtained from asingle batch of product
and do not take into account the variability of the product. This
could also affect both within and between laboratory variability.
Thus, values of r and R are an indication and should be used as
such. They are definitive only at the time they were determined,
under the conditions of the test prevailing at the time and for the
samples tested, see SO 5725-1:1994.

GENERAL REMARKS

Each participating laboratory will be asked to use only one
smoking machine. It is hoped that at |east 16 laboratories will be
recruited to take part in this study. It would be advantageous if
equal numbers of participating laboratories used the 20-channel
linear smoking machine and the rotary smoking machine. If
possible, each participating laboratory will use only one operator
when operating the smoking machine. If possible, each participat-
ing laboratory will use only two operators for the making of the
FCSASs, and both these operators should make equal proportions
of all products.

The sealed glass fibre filter holder assembly, without the sleeve
holder or the labyrinth seal holder, will be weighed both before
and after smoking (see | SO/CD 15592-3 Section 9.6.2). Thefilter
holder will be dry-wiped to ensure that any “tar” depositedin the
holder is included in the nicotine/water extraction (see |SO/CD
15592-3 Section 9.9.1).

A new slotted washer will be used for each smokerunwhen using
thelabyrinth seal holder and care must be taken to use the correct
size (see 1SO 3308 Section 4.8).

Each laboratory will purchase the CM3 monitor from either
Filtrona or Borgwaldt. Each laboratory will purchase the FCSA
making device from EFKA. All laboratories will purchase the
sleeve holder specified in ISO/CD 15592-3 from Filtrona
Instruments & Automation Ltd. All laboratorieswill purchasethe
adapter for rotary machines from Heinr. Borgwaldt GmbH.



Annex B. Making fine-cut smoking articles (FCSA) using the FCSA making devices

INSTRUMENTATION — MATERIALS

Analytical balance (accuracy + 1 mg); FCSA making device, 5.2
or 7.2 mm; spatula (5 mm synthetic material, 30 x 60 mm);
tobacco, conditioned for aminimum of 3daysat 22 °C and 7% RH;
tubes type A and B each with a diameter of 5.2 and 7.2 mm; disk
for weighing the tobacco, brush for cleaning the making devices.

MAKING INSTRUCTIONS
Conditioning

Condition all the tobacco for between 3 and 10 daysat 22 °C and
75% RH. After conditioning and during making keep the tobacco
in as good a condition as possible by storing the tobacco in a
closed container or sealed bag.

Weighing

Weigh sufficient tobacco to make asmoking article. Thiswill be
approx. 770 mg for the 7.2 mm diameter and 420 mg for the 5.2
mm smoking articles. When weighing, separate the tobacco to
avoid lumps. If the weighed tobacco is not to be used
immediately, storeitin asealed container or bag until itisneeded
for inserting into the pre-made paper tube.

Attach a pre-made paper tube onto the making device and mark
the end attached with a felt tip pen.

Carefully separate the tobacco, previously weighed, to make a
single smoking article and spread evenly onto the making device.
Using aspatula, introduce the tobacco into the receiving chamber
of the making device.

Partially close the chamber using the lever of the device, thenre-
open and scrape any remaining strands of tobacco into the
chamber.

Gently close the chamber fully to ensure that all the tobacco is
inserted into the chamber.

Whilst using afinger to hold the paper tubein place, gently rotate
thelever to push thetobacco into thetube. Note: Thisisadelicate
procedure and benefits by having a means of supporting the tube
without crushing the paper; the device must be held firmly during
this process.

Open the chamber and ensure no more than afew short strands of
tobacco remain.

Use a pipe cleaner or something similar to gently remove the
smoking article from the making device and inspect visually.
Reject poorly made articles (e. g. bad shape, uneven filling).
Any tobacco strands hanging from the ends should be pushed into
the FCSA, not cut off.

Weigh each smoking article and reject any outside the limit 750
+ 20 mg or 400 + 20 mg.

The weight of the paper must also be taken into account, see
Table B1 for the actual acceptable weights.

After check weighing each article, store those within the
acceptable weight range in atub, or tin, with an airtight lid.
Repeat the process to make 120 satisfactory smoking articles of
each type.

Weigh 22 articlestogether in the tub and ensure the mean tobacco
weight is 750 + 10 mg for the 7.2 mm articles and 400 + 10 mg
for the 5.2 articles.

The weight of the paper must also be taken into account, see
Table B1 for the actual acceptable weights.
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Table B1. FCSA making devices and accepted weights

Paper type =~ Diameter (mm) Wrapper weight (mg) # Acceptable weight range for 1 FCSA (g) ° Acceptable weight range for 22 FCSAs (g) ©°
A 5.2 35 0.415 - 0.455 9.350 — 9.790

B 52 25 0.405 — 0.445 9.130 - 9.570

A 7.2 46 0.776 — 0.816 17.292-17.732

B 7.2 32 0.762 — 0.802 16.984 — 17.424

# The wrapper weight is calculated from the specification of the paper used to form the wrapper.

®The acceptable weight range for 1 FCSA was calculated using the specified tobacco weight, the calculated wrapper weight and a tolerance of + 20 mg
per article.

°The acceptable weight range for 22 FCSAs was calculated using the specified tobacco weight, the calculated wrapper weight and a tolerance of + 10 mg
per article.

922 Articles allow for replacements.

Annex C. Laboratory mean values after outliers removal: Tables C1 to C5, Figures C1 to C15 (Figures C1-C5 fire-cured blend (Red),
Figures C6—C10 fire-cured/flue-cured blend (White), Figures C11-C15 flue-cured/air-cured blend (Y ellow).

Table C1. Laboratory mean values of TPM yield (mg/FCSA)

Red blend White blend Yellow blend

Monitor 400 mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750 mg+
Laboratory (CM3) A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper

1 18.68 12.58 16.80 19.98 26.97 12.44 16.13 19.65 24.29 11.38 13.89 16.82 22.23
2 18.28 13.14 15.85 21.72 26.82 10.93 14.15 19.23 23.12 10.66 13.95 18.91 23.36
3 18.92 13.78 19.24 21.89 29.96 12.21 16.03 20.00 26.97 10.91 14.98 18.89 25.54
5 19.04 15.37 20.34 20.68 26.68 11.68 16.44 17.98 23.39 11.49 14.93 17.67 22.47
6 18.70 12.19 16.67 20.07 25.28 10.07 13.62 17.60 21.54 8.98 12.25 17.19 21.42
7 19.00 13.98 18.14 22.21 28.03 11.58 15.27 19.78 24.48 11.53 16.33 19.69 25.18
8 18.90 12.94 17.80 21.46 28.04 10.69 15.74 18.31 24.29 10.03 14.13 17.79 22.86
9 19.89 13.25 18.65 21.79 29.21 11.61 15.16 19.53 25.78 10.56 14.15 18.44 2414
10 18.04 12.55 16.08 20.95 25.41 10.41 13.74 17.56 21.85 10.24 13.55 17.45 22.13
11 18.34 11.86 14.42 21.44 24.69 9.66 12.21 17.57 21.71 9.53 11.55 17.38 20.75
12 17.65 13.90 17.52 22.36 27.67 11.72 14.99 19.81 25.31 11.48 14.84 19.37 25.23
13 19.44 12.85 15.93 22.73 26.67 9.28 10.25 18.63 23.72 8.81 12.68 18.71 23.19
14 18.78 13.73 17.89 21.70 28.71 11.06 15.62 18.64 25.18 10.96 14.53 18.41 24.35
15 19.15 14.59 19.72 23.24 29.03 11.56 16.37 20.85 26.65 11.90 16.12 20.55 26.89
16 18.58 13.17 16.74 22.11 27.41 11.30 14.69 18.54 24.47 10.80 14.32 19.04 23.90
17 18.65 12.33 14.51 19.27 27.21 10.49 11.65 15.69 ov? 9.57 12.24 14.57 18.99
18 19.69 13.79 16.75 21.77 27.27 11.42 15.00 19.51 25.49 11.12 13.60 18.44 23.43
19 18.83 15.18 20.06 22.85 28.18 12.69 17.19 19.55 24.98 12.20 16.36 19.40 24.08
20 18.06 9.94 13.21 19.65 27.24 8.18 12.41 17.73 24.04 8.51 11.81 17.21 22.63

2QV = outlier value

Table C2. Laboratory mean values of smoke nicotine yield (mg/FCSA)

Red blend White blend Yellow blend

Monitor 400 mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750 mg+
Laboratory (CM3) A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper

1 1.34 117 1.45 1.94 2.39 0.84 1.00 1.32 1.53 0.64 0.81 1.03 1.32
2 1.17 0.94 1.11 1.72 2.02 0.58 0.74 111 1.25 0.49 0.62 0.92 1.09
3 1.25 1.05 1.44 1.84 2.38 0.74 0.93 1.25 1.64 0.56 0.73 1.01 131
5 1.18 1.09 1.36 1.63 2.02 0.69 0.92 1.14 1.43 0.56 0.70 0.90 1.14
6 1.22 0.88 1.17 1.58 1.83 0.51 0.67 0.95 1.14 0.37 0.53 0.82 1.00
7 1.28 1.34 1.57 2.05 2.37 0.68 0.81 1.12 1.32 ov ov ov ov
8 1.27 0.93 1.25 1.69 2.16 0.66 0.92 1.19 1.54 0.50 0.68 0.95 1.17
9 1.23 0.95 1.33 1.71 2.22 0.62 0.79 1.08 1.30 0.49 0.64 0.91 1.15
10 1.15 0.86 1.07 1.55 1.76 0.59 0.77 1.04 1.21 0.45 0.57 0.82 0.99
11 1.22 0.88 1.04 1.66 1.82 0.57 0.71 1.06 1.27 0.45 0.54 0.86 0.97
12 1.15 1.04 1.25 1.78 2.10 0.74 0.89 1.29 1.52 0.55 0.68 0.99 1.19
13 1.23 0.88 1.05 1.63 1.94 0.54 0.61 1.08 1.34 0.42 0.56 0.89 1.09
14 1.24 0.98 1.22 1.73 217 0.66 0.89 117 1.52 0.52 0.65 0.91 1.16
15 1.23 111 1.45 1.91 2.16 0.64 0.88 1.18 1.45 0.59 0.78 1.08 1.29
16 1.13 0.97 1.15 1.72 2.01 0.66 0.81 1.16 1.39 0.56 0.67 0.99 1.15
17 1.27 1.01 1.28 1.66 2.08 0.63 0.67 1.02 1.14 0.51 0.65 0.84 1.05
18 1.24 1.04 1.22 1.78 2.10 0.65 0.84 1.16 1.47 0.54 0.63 0.96 1.17
19 1.25 1.01 1.36 1.70 2.14 0.72 0.98 1.23 1.56 0.53 0.72 0.94 1.18
20 1.01 0.85 1.07 1.76 214 0.53 0.73 1.09 1.38 0.48 0.62 0.91 1.10




Table C3. Laboratory mean values of water yield (mg/FCSA)

Red blend

White blend

Monitor 400 mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750 mg+
Laboratory (CM3) A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper

Yellow blend

1 2.57 2.16 3.28 3.09 4.45 2.35 3.03 3.34 3.78 2.56 3.11 291 4.38
2 2.46 2.97 3.67 4.33 5.96 2.21 3.12 341 4.33 2.29 3.33 3.54 4.98
3 211 2.45 3.74 3.13 4.78 2.02 2.90 2.56 3.76 2.01 3.21 2.85 4.36
5 2.84 3.67 4.97 3.91 5.38 2.62 4.01 2.96 4.13 2.93 3.95 3.69 4.88
6 2.79 2.72 3.79 4.22 5.06 241 271 3.23 4.19 2.34 3.37 3.65 4.73
7 2.83 2.71 3.79 4.08 5.44 2.50 3.55 3.81 5.22 2.07 3.35 3.35 4.52
8 2.20 2.76 4.20 4.03 5.54 1.80 3.24 2.70 3.70 2.03 3.30 3.05 4.29
9 2.48 2.64 4.07 3.62 5.29 2.19 2.94 2.79 3.72 2.17 3.19 3.09 4.39
10 2.75 2.96 4.02 4.60 5.74 2.10 2.92 3.08 4.08 2.54 3.70 3.83 5.29
11 2.57 2.55 3.28 4.38 5.21 1.91 2.50 3.20 4.20 2.13 2.61 3.57 4.57
12 2.40 2.93 3.94 4.54 5.68 2.02 2.88 3.15 4.21 2.50 3.57 3.95 5.18
13 2.44 2.85 4.13 4.91 5.78 1.98 1.82 3.20 4.37 1.30 2.95 3.59 4.82
14 2.59 3.55 4.80 4,51 5.99 2.63 3.98 3.30 4.63 291 4.07 3.62 5.30
15 2.08 3.19 4.49 4.22 5.53 2.31 3.78 3.48 4.33 2.67 4.15 3.77 4.99
16 1.99 1.97 2.61 3.05 4.50 ov 2.04 1.92 3.11 1.81 2.25 2.53 3.84
17 2.29 2.32 2.42 3.54 6.56 1.98 1.87 1.83 ov 2.04 1.78 1.63 3.85
18 3.20 3.12 3.75 4.19 5.49 2.32 3.26 3.59 4.78 2.62 3.35 3.56 4.97
19 2.14 3.53 5.06 4.78 5.89 2.53 3.87 3.29 4.20 2.85 4.43 4.00 5.12
20 3.19 1.58 2.33 3.90 6.22 ov 1.97 2.70 4.04 1.32 2.64 3.08 4.59
Table C4. Laboratory mean values of NFDPM yield (mg/FCSA)
Red blend White blend Yellow blend

Monitor 400 mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750 mg +

Laboratory (CM3) A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper
1 14.78 9.25 12.07 14.96 20.13 9.25 12.10 14.99 18.97 8.17 9.97 12.88 16.53
2 14.65 9.23 11.06 15.66 19.15 8.14 10.29 14.71 17.50 7.88 10.01 14.44 17.30
3 15.55 10.28 14.06 16.90 22.80 9.45 12.20 16.14 21.57 8.35 11.03 15.02 19.87
5 15.01 10.70 13.56 15.11 19.46 8.37 11.41 13.75 17.83 7.84 10.00 13.08 16.44
6 14.69 8.60 12.00 14.27 18.38 7.15 10.23 13.42 16.21 6.27 8.35 12.71 15.68
7 14.88 9.98 12.84 16.08 20.22 8.39 10.91 14.85 17.94 8.69 11.98 15.07 19.15
8 15.43 9.24 12.35 15.74 20.34 8.23 11.58 14.42 19.04 7.50 10.14 13.79 17.41
9 16.19 9.65 13.26 16.47 21.70 9.07 11.29 15.66 20.65 7.91 10.32 14.60 18.60
10 14.13 8.74 10.99 14.80 17.91 7.72 10.05 13.45 16.56 7.25 9.29 12.80 15.86
11 14.56 8.43 10.11 15.45 17.65 7.18 9.01 13.32 16.24 6.95 8.39 12.95 15.21
12 14.00 9.93 12.32 16.05 19.90 8.97 11.21 15.45 19.47 8.43 10.59 14.91 18.36
13 15.62 8.63 10.68 16.16 18.49 6.41 7.82 14.35 17.99 6.60 9.17 14.26 17.32
14 14.93 9.20 11.88 15.50 20.56 7.77 10.76 14.16 19.07 7.53 9.81 13.88 17.89
15 15.85 10.29 13.78 17.04 21.63 8.35 11.68 16.12 20.84 8.64 11.29 15.29 19.94
16 15.46 10.40 12.98 17.33 20.84 9.38 11.57 15.46 19.96 8.58 11.38 15.52 18.32
17 14.95 8.99 10.85 13.64 18.56 7.85 9.11 12.63 13.66 7.01 9.81 11.50 14.32
18 15.20 9.62 11.79 15.79 19.68 8.46 10.90 14.77 19.25 7.96 9.62 13.92 17.29
19 15.47 10.63 13.65 16.37 20.15 9.37 12.26 15.02 19.21 8.69 11.21 14.46 17.78
20 13.78 7.50 10.19 14.28 19.24 6.56 9.71 13.94 18.62 6.50 8.83 13.01 16.66
Table C5. Laboratory mean values of puff number (puffs/FCSA)
Red blend White blend Yellow blend

Monitor 400 mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750mg+ 400mg+ 400mg+ 750mg+ 750 mg+
Laboratory (CM3) A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper A wrapper B wrapper

8.89
8.99
9.09
9.20
8.97
8.80
9.13
9.00
8.60
8.46
8.86
9.23
8.94
8.86
8.79
9.48
8.69
8.86
9.23

5.14
4.60
4.63
5.22
4.73
5.06
4.86
4.93
4.64
4.96
4.96

ov
4.74
5.10
4.56

ov
4.86
4.52
4.88

5.72
5.28
5.72
5.94
5.83
6.04
5.79
5.84
5.34
5.58
5.58
6.52
551
5.95
5.12
6.56
5.42
5.37
5.92

6.04
5.96
6.06
6.14
6.12
6.12
6.29
6.02
5.94
6.14
6.02

ov
5.97
6.28
5.90

ov
6.06
5.66
6.02

7.06
7.02
7.02
7.22
6.78
7.30
7.50
7.24
6.92
7.16
7.08
8.54
7.17
7.18
6.74
8.68
6.86
6.96
7.04

5.22
4.82
5.02
5.31
4.83
5.78
5.25
5.14
4.70
5.14
5.08
6.06
4.92
5.15
4.78
6.18
5.24
491
5.12

6.26
5.68
6.12
6.26
5.84
7.38
6.31
6.05
5.62
6.16
5.96
7.77
6.19
6.51
5.60
7.14
5.94
5.88
6.08

6.56
6.48
6.13
7.02
6.44
7.08
6.65
6.62
6.22
6.54
6.48
7.68
6.56
7.11
6.26

ov
6.44
6.29
6.16

7.56
7.36
7.43
8.20
7.35
8.88
8.33
7.92
7.48
7.98
8.02
9.22
7.83
8.33
7.38

ov
7.92
7.85
7.68

5.78
5.06
5.36
5.76
4.92
5.30
5.67
5.35
5.16
5.48
5.46
6.72
5.67
5.97
5.24
6.31
5.32
5.35
5.50

6.92
6.36
6.51
6.95
6.36
6.52
7.04
6.58
6.60
6.60
6.66
7.59
6.56
7.06
6.32
7.32
6.10
6.50
7.10

6.44
6.86
6.90
7.18
6.62
6.64
7.54
7.16
6.94
7.24
7.26
8.12
6.97
7.59
6.94
8.56
7.14
7.11
6.58

8.92
8.46
8.56
9.27
8.00
7.86
9.42
8.71
8.64
8.88
8.84
9.72
8.70
8.89
8.48

ov
8.72
8.68
8.74
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Figure C1. Red blend — TPM yield
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Figure C2. Red blend — NFDPM yield
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Figure C3. Red blend — nicotine yield
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Figure C4. Red blend — water yield
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Figure C5. Red blend — puff number
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Figure C6. White blend — TPM yield
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Figure C7. White blend — NFDPM yield
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Figure C8. White blend — nicotine yield
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Figure C9. White blend — water yield
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Figure C10. White blend — puff number
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Figure C11. Yellow blend — TPM yield
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Figure C12. Yellow blend — NFDPM yield

Nicotine Yield mg

1,4

©

=)

=}

o
ES
v

o
]

‘ —H—400mg/A —#—400mg/B =——750mg/A =6=750mg/B

;

(=}
=}
b
b
b
b
b
b

12 835 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Laboratory Number

Figure C13. Yellow blend — nicotine yield
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Figure C14. Yellow blend — water yield
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Figure C15. Yellow blend — puff number
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