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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.

The prog¢edures used to develop this document and those intended for its further maintenance_afte
describefd in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the Thtroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

For an ¢xplanation on the meaning of ISO specific terms and;‘expressions related to conformity
assessment, as well as information about ISO’s adherence to. the WTO principles in the Technichl
Barriers|to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 126, Tobacco and tobacco products.

ISO/TR 19478 consists of the following parts, undeyr,the general title ISO and Health Canada intenge
smoking parameters:

— Part|1: Results of an international machinesmoking study

— Part|2: Examination of factors contriblting to variability in the routine measurement of TPM, water and
NFDPM smoke yields of cigarettes
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Introduction

ISO/TC 126 Working Group 10 (WG 10) was established by ISO/TC 126 in 2007 in response to a New
Work Item Proposal by the British Standards Institution (BSI) for the development of a new regime for
the machine smoking of cigarettes that was more intense than the then current ISO 3308:2000, and a
subsequent questionnaire sent to TC 126 members. Twenty out of 26 members of ISO/TC 126 voted in
favour of the following option:

“to install a Working Group 10 dealing with an ‘Intense Smoking Regime’ which shall start with the
pFeparatory work. WHU Is invited to participate with their technical experts. No drajt Standard.islexpected
tg be presented by this group until the future method proposal of WHO has been taken into considpration”.

The third session of the Conference of the Parties (COP) to the World Health Organization (WHO)
Framework Convention on Tobacco Control Durban, South Africa, 17 to 22 Novemher'2008, requested
the Convention Secretariat to invite the WHO’s Tobacco Free Initiative (TFI) to undertake the following
[ Sk:

«

validate, within five years, the analytical chemical methods for testing‘and measuring the igarette
bntents and emissions identified as priorities in the progress report of the working group 1 using the two
smoking regimens set out in paragraph 18 of that report, and inform the-Gonference of the Partie§ through
the Convention Secretariat on a regular basis of the progress made.”.

Q

The two smoking regimens were specified in paragraph 18<ef the report of the COP working group
(FCTC/COP/3/6) as follows:

Smoking regimen Puff volume Puff frequency Ventilation hol¢s
(ml)

[0 3308:2000, Routine analytical
digarette-smoking machine —
Definitions and standard condi-
tjons

35 Once every 60 s |No modifications

All ventilation holes must be
55 Once every 30 s |blocked with Mylar adhesive
tape.

(@s)

ame as ISO 3308:2000 but modir
ed as indicated.

=

The two regimes were those’specified in ISO 3308 and by Health Canada in Method T-115. At the early
mleetings of WG 10, seme new human smoking studies were presented and are included in |JAnnex A
far completeness of-reporting, but WG 10 never considered the correlation with machine |smoking
r¢gimes in detail as)this brief had previously been given to ISO/TC 126/WG 9 and WG 9 had prpduced a
bmprehensive report, ISO/TR 17219:2013.

(@)

The WHQ TFI requested the WHO Tobacco Laboratory Network (TobLabNet) to carry|out the
practical-work of validating the two smoking regimes. In 2008, TobLabNet organized and cafried out
a|collaborative test to measure the tar, nicotine and carbon monoxide yields of cigarettes when using
tllle Health Canada Intense (HCI) regime. The collaborative test involved 14 laboratories smoking five
products (Three reference cigarettes/ monitor test pieces and two commercial products). Detalls of this
collaborative were supplied to ISO/TC 126/WG 10.

WG 10 had expressed a willingness from its inception to participate with the WHO groups in the
development of an intense smoking regime but had not been invited to do so. It, therefore, decided at
its fifth meeting in December 2009 to undertake a collaborative study to measure the tar, nicotine and
carbon monoxide yields of cigarettes using both the ISO 3308:2000 and Health Canada intense smoking
regimes. A steering group was established and the laboratory work was carried out in 2010 involving
35 laboratories smoking 10 products (eight commercial and two reference cigarettes/monitor test
piece). A final report on the study was approved by WG 10 and subsequently converted to a Technical
Report, ISO/TR 19478-1. ISO/TR 19478-1 provided a basic analysis of the study data, drawing
conclusions about the possible sources of the increased variability associated with the HCI regime.

© ISO 2015 - All rights reserved v
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These conclusions provided the basis for the additional studies reported here and instigated to provide
a more complete understanding of how the smoke yield changes with increasing smoking intensity:.
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ISO and Health Canada intense smoking parameters —

Part 2:

Examination of factors contributing to variability in the

yields of cigarettes

1f Scope

—

his part of ISO/TR 19478 extends the analysis reported in ISO/TR 19478-1:2014 and reports a
studies focused on the conclusions i) and j) from that Technical Report. It identifies and assess¢
thpacting on the measurement of smoke TPM, NFDPM, nicotine, watefy, and carbon monoxi
when increasing the intensity of the puffing regime from that specifiedjn ISO 3308:2000 to th
pecified in Health Canada Method T-115.

—

wn

Terms and definitions

br the purposes of this document, the following terms and definitions apply.

1
garette coal
hirbonised burning tip of a tobacco rod

caN TN

2

$0 regime

1ffing regime when taking one puff of 35 ml volume and 2 s duration every 60 s as d¢
0 3308:2000

o~ \")

—
rr\-c

2{3

Health Canada Intense regime

Cl regime

plffing regime, first described by Health Canada, when taking one puff of 55 ml volume and 2 s
eyery 30 s with 100:% of the ventilation zone on the cigarette filter blocked

214
linear (smoking) machine

routine measurement of TPM, water and NFDPM smoke

dditional
s factors
e yields
e regime

bfined in

duration

soking smachine complying with the requirements of ISO 3308:2000 with each cigarettle holder

djrectly.coupled to a CFH (smoke trap)

Nptel to entry: The CFH is coupled via a port to its own suction mechanism and held in a fixed posit

ion while

each cigarette is smoked. The most common configuration has 20 ports in line.

2.5
rotary (smoking) machine

smoking machine complying with the requirements of ISO 3308:2000 with each cigarette holder

coupled sequentially via a port to a single CFH (smoke trap) and suction mechanism

Note 1 to entry: The most common configuration has 20 ports on a carousel sharing a single CFH and suction

mechanism.

© ISO 2015 - All rights reserved
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2.6

Massachussetts regime

MA regime

puffing regime, used in Massachusetts, USA, when taking one puff of 45 ml volume and 2 s duration
every 30 s with 50 % of the ventilation zone on the cigarette filter blocked

2.7

option B regime

puffing regime proposed by ISO/TC 126 Working Group 9 when taking one puff of 60 ml volume and 2 s
duration every 30 s with 50 % of the ventilation zone on the cigarette filter blocked

3 Abbhreviated terms

CFH Cambridge Filter Holder
CFP Cambridge Filter Pad
cop Conference of the Parties to the World Health Organization Fratnework Convention gn

Tobacco Control
NFDPM of tar Nicotine Free Dry Particulate Matter

TNCO tar, nicotine and carbon monoxide where tar is specifically nicotine free dry particulate
matter (NFDPM)

TPM total particulate matter

RH relative humidity

SVD Saturated Vapour Density

TobLabN¢t World Health Organization Tobaceo Laboratory Network

WHO World Health Organization

AT Reduction in the time to smoke a cigarette due to puffing, calculated as:

(Time to smoulderburn the cigarette) - (Time to burn the cigarette when puffing)

4 Prir]\ciple

o the analysis ofthe data from the TNCO study (ISO/TR 19478-1), WG 10 decided to revie
the imp4dct of increasing puffing intensity on the measurement of TPM, NFDPM, nicotine, water ar

Followi v
d
carbon monoxide yields from cigarettes with particular emphasis on differences resulting from the uge
e
B
2

of rotaryf or lineat Sthoking machines. The Ad Hoc Group (AHG) of WG 10 was set up to give focus to th
review process..The membership of the AHG necessarily included representatives of the manufacture
of smok%g machines as well as those WG 10 members who wished to be actively involved in furthd
studies. Th@review was carried out with particular reference to the conclusions from the WG 10 TNJO
study which compared smoke yield data for the ISO regime, as specified in ISO 3308:2000 and ISO 4387,
with that for the HCI regime, as specified in the Health Canada Method T-115. The AHG first identified
a number of differences in design features between rotary and linear machines with the potential to
alter the collection of smoke condensate and so increase the variation in smoke yield measurements.
Individual AHG members then used their expertise to create protocols to evaluate these factors in their
respective laboratories.

Conclusions i) and j) of ISO/TR 19478-1:2014 provided the focus for the work of the AHG, although other
issues were also considered. Clauses 5 and 6 provide a summary of the understanding developed within
WG 10 and the AHG of the issues identified in conclusions i) and j).

2 © IS0 2015 - All rights reserved
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The studies providing the background to this part of [ISO/TR 19478 are listed in Annex A together with
a summary of the content of each and the meeting at which they were presented. Annex B provides a list
of all meetings of WG 10 and the Ad Hoc Group of WG 10 until the end of 2013.

5 The influence of smoking intensity on the yield and composition of cigarette
smoke

5.1 General

Erle results of the collaborative study described in ISO/TR 19478-1 had shown the reproducibi‘ltty of the
FDPM yield measurements from 10 products collected under the HCI smoking regime @nd npeasured
i many laboratories, were worse than when using the ISO regime. This finding was/suppprted by
other collaborative studies run by the WHO TobLabNet and by CORESTAI1] as summarized in A.11. The
range of products to which this conclusion can be applied was widened to includeproducts of 16 mm to
18 mm in circumference (super slims) in a further small study (A.20). The ISO-'WG 10 TNCO stjudy data
s¢t has also been used to discuss the problems with statistical outlier analysis when combiring data
flom rotary and linear machines which give different measured water yields:[2](3]

Apart from the increased puff volume and frequency specified for the HCI regime, it is also necessary
t¢ block 100 % of the ventilation on the cigarette filter. The Health Canada Method T-115 fspecifies
yerwrapping the filter with “invisible” tape (adhesive cellophanejtape) to block the ventilatiomn holes in
the cigarette filter but special cigarette holders have also beefvdeveloped to achieve the same putcome.
The overwrapping of filters with adhesive tape was investigated (A.19) to eliminate it as a potential
cquse of the increased measurement variability and anether study (A.15) showed that taping gnd using
specially designed vent blocking cigarette holders gavesimilar yields.

]

Ig order that the increased yield resulting fromi.the much increased smoking intensity of| the HCI
r¢gime does not overload the CFP when using adinear machine with the 44 mm CFP (ISO 4387 specifies
ajlmaximum load of 150 mg), three cigarettes’are smoked per smoking run rather than five.|Another
study (A.23) confirmed the 150 mg limit for the ISO regime but found it could be doubled when using
the HCI regime.

5/2 Areview of informationrelevant to conclusion i) of ISO/TR 19478-1:2014

@)

bnclusion i) stated,

«

N

s expected from previous‘studies, the water yields were disproportionately higher than other measured
smoke parameters upder the HCI regime. This water effect is a contributory factor to the increuses in R
1lues, but the magnitude of its contribution is uncertain.”

<

Cpnclusion i) €etthe need to better understand how the smoke yield changed with smoking intensity,
bpth in maghitude and composition. In particular, to investigate the cause of greatly increasgd smoke
water content.

Itf catrbe seen (Table 1) from the TPM and water yields for the 10 products tested in the WG [10 study
thatthere is a consistency to the proportions of nicotine and water in the TPM for all 10 products and
both smoking regimes. The most important feature of the data is the increase in the average water
yield from approximately 10 % of the TPM for the ISO regime to almost 30 % for the HCI regime. It is
by far the most abundant component of the TPM with nicotine being only 5 % of the TPM for the HCI
regime. This finding signals a potential measurement problem using the normal ISO procedures for
TPM and water measurement as the collection system, the CFP held in the CFH, is specifically designed
for collecting particulate material. If a major proportion of the smoke water is in the vapour phase, the
collection efficiency of the CFP/CFH unit will be compromised, as will the subsequent measurement of
the smoke water yield.

© IS0 2015 - All rights reserved 3
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Table 1 — TPM, water and nicotine yields under the ISO and HCI smoking regime

ISO regime HCI regime
PZ‘:)%‘;“ TPM Water Nicotine TPM Water Nicotine
mg/cig | mg/cig | % of TPM | mg/cig | % of TPM | mg/cig | mg/cig | % of TPM | mg/cig | % of TPM
A 1,28 0,10 7,5 0,11 8,4 25,41 7,35 28,9 1,27 5,0
B 521 0,40 7,6 0,39 7,5 31,26 9,39 30,0 1,34 4,3
C 10,81 1,26 11,6 0,68 6,3 39,84 | 11,87 29,8 1,79 4,5
D 10,03 0,93 9,2 0,82 8,1 39,07 | 11,19 28,6 2,11 54
E 11,54 1,10 9,5 0,66 5,7 29,71 6,06 20,4 1,41 47
F 10,65 1,12 10,5 0,75 71 43,69 | 13,42 30,7 2,07 4,7
G 12,05 1,51 12,5 0,83 6,9 43,43 | 14,16 32,6 2,09 4,8
H 11,08 1,06 9,6 0,67 6,0 40,09 | 11,47 28,6 1,68 4,2
I 2,08 0,19 91 0,15 7,4 27,05 9,03 334 0,99 3,7
J 17,30 1,69 9,7 1,37 79 41,18 | 10,11 24,5 2,68 6,5
Mean 9,20 0,93 9,7 0,64 71 36,07 | 10,40 28,8 1,74 4,8

The understanding of subsequent subclauses will be aided by an, understanding of the nature

cigarette

rod fornms the coal, a carbonised section at its tip, which then{promotes the continuous burning

the remji
establish
charline
to about
which ey
condens
some sn
paper to

During ¢
deposite
remainiy
during 4
from the
tobacco

5.3 Pu

The first
individu

smoke and the formation process in the burning tobageo.rod. After lighting, the tobacq

hining tobacco through the heat liberated from the okidation of the carbon. Studies[4] hay
ed thermal profiles in the region of the cigarette coalwhich show that the temperature at th
on the cigarette paper is approximately 450 °C with'the tobacco temperature rapidly droppiy

aporate and migrate along the tobacco rod away from the hot coal. They then cool with son
ng to form a smoke aerosol in equilibrium'with the remaining vapour cloud. At the same tim

be lost to the surrounding environmeént.

uffing, volatile compounds are transferred and deposited further along the tobacco rod. Th
d material is partly lost bywdiffusion through the cigarette paper between puffs with th

puff, the material becomés part of the smoke yield from that puff so increasing the yie
puff. This transfer process has been demonstrated by following changes in the density of t
rod during smoking 451

ff by puff smoke temperature measurements

hl puffs.as a cigarette was smoked. The data was for peak temperatures at two positio

in the cigarette filter and for four puffing regimes, 1SO, HCI, MA and Option B from the report

1SO/TC

300 °C within 3 mm to 4 mm. The tobacco in this region is denuded of volatile component

oke components will condense onto the tobacco as well as diffusing through the cigarett

1g material accumulating-with successive puffs until the char line reaches it. If this occur

of a nudmber of relevant studies (A.4) presented to WG 10 provided temperature data f;rr

bf
0
bf

le
g

e

S
bf

26/WG 9 (ISO/TR 17219:2013) The temperatures measured 5 mm from the mouth end of t}

e

filter of a 1 mg tar cigarette (ISO) are shown in Figure 1.
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Y 4
80 -
70
60 -
50 -
40 -
30
E=RO A r it
20 -
10 -
0 1 1 1 1 1 1 1 1 1 1 -
0 10 20 30 40 50 60 70 80 90 100 X
Ky
X| proportion of cigarette burnt (%) ——  ISOregime
Y| maximum temperature in filter (°C) {1+  MAregime
—— WG9 (B) regime
—>—  HClregime
Figure 1 — Temperatures 5 mm from mouth end of cigarette filter (A.4)

Figure 1 shows that the temperature of the smoke as it leaves the cigarette filter is near the ambient
temperature of 22 °C for the early puffs. This indicates the heat exchange with the tobacco and filter
material, together with mixing with air drawn into the cigarette through the cigarette paper and filter,
is sufficient to cool the smoke to the temperature of the test environment.

As further puffs are taken and the tobacco rod burns down, the temperature rises above 22 °C. The
more intense the smoking regime, the earlier this occurs during the smoking process and the greater is
the increase in temperature above the ambient level.

These temperature measurements are highly significant when considering the formation of the
smoke aerosol. Smoke is initially formed as a complex mixture of hot vapours and gases just behind
the cigarette coal. It then becomes an aerosol as it is drawn through the tobacco rod and cools. The

© IS0 2015 - All rights reserved 5
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partitioning of compounds between the vapour and particulate phases will continue to change until it
reaches a fixed temperature. Since the collection and measuring system is held at 22 °C, it is desirable
for the smoke to leave the cigarette at this temperature to prevent further changes during collection.
This will not happen when using very intense smoking regimes since the temperature measurements in
Figure 1 indicate that the smoke from the later puffs is considerably above 22 °C.

5.4 Puff by puff smoke yields

It has been shown that the temperature of smoke leavmg a Clgarette can be above the amblent

As the frmatlon of smoke from a vapour cloud behmd the c1garette coal is prlmarlly driven by t} e
temperature change, it seems probable that the smoke composition will also change during the smoking
of a cigarette. A change in smoke composition linked to its exit temperature from the cigarette.should
be appaient from reviewing the puff by puff smoke yield. Suitable single puff yield datalZl. was made
availablg to the Ad Hoc Group. The smoke yield measurements were for the 1R4F reference cigarette
using a §moking regime with puffs of 60 ml volume and 2 s duration being taken eveny30 s. The level
of ventilation at the cigarette filter was also varied by blocking 0 %, 50 % or 100 _%-of the ventilatign
holes.

The NFDPM, nicotine and water yields for individual puffs are given in Figure 2. The data in Figure|2
show thgt the yields of the three smoke components increase both as the tigarette is consumed during
smoking|and also as a greater proportion of the filter ventilation holes are/blocked. The general increage
in smokg yield as the tobacco rod is burnt is expected and due to reduced filtration and ventilation |n
the shorter tobacco rod. The rate of increase in yield for NFDPM-and nicotine is similar for successiye
puffs anfl for each of the three levels of vent blocking. The water yields show a distinctly different
pattern yvith the rate of increase being much greater as the cigarette is consumed, and the rate is mugh
increasef as a greater percentage of the vents are blocked.

6 © IS0 2015 - All rights reserved
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Y1 Y2
4 103
35
-1 0,25
3 —
- 2
2,5
2 kL - 0,15
1,5 -
10,1
1 —
- 0,05
0,5 -
0 —
0 2 4 6 8 10 12 14 X
Ky
X| puff number —{— NFDPM-0 % VB
YL NFDPM and watefyiéld (mg/puff) -—O— water-0 % VB
YP nicotine yield-(mg/puff) --4--- nicotine-0 % VB
—#— NFDPM-50 % VB
-—@—— water-50 % VB
- -A- - nicotine-50 % VB
—{3— NFDPM-100 % VB
= =0O— — water-1009% VB

— =& — nicotine-100 % VB
Figure 2 — Puff by puff yields from 1R4F reference cigarettelZ]

These patterns of change are more clearly shown by taking the ratio of the NFDPM and water yields to
those for nicotine as shown in Figure 3.

© IS0 2015 - All rights reserved 7
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Y
16 -
14
12 -
~0
10 -
8 —
6 —
4 —
2 —
0 | | | | | | |
0 2 4 6 8 10 12 14 X
Key
X  puff humber —O— water-0 % VB
Y yield|as aratio to nicotine —{+— NFDPM-0% VB
—@— water-50 % VB
—&— NFDPM-50 % VB
—O— water-100 % VB
—{— NFDPM-100 % VB
Figure 3 —Puff by puff yields of NFDPM and water as a ratio to nicotine yieldlZ]
The NFOPM tonicotine ratios in Figure 3 show that the relative yield of these smoke components fis
little chqnged ‘during the smoking of a cigarette or by decreasing the filter ventilation. In contrast, the
water to| icotine ratios show that water yields are relatively unchanged for the initial puffs but thgn

increase rapidly. The water yield also increases as the Tilter ventilation is reduced by vent blocking.

The puff by puff water yields cannot be directly correlated with the temperature measurements in
5.3 as the cigarettes tested were not of the same design, but a mechanism to link the increased smoke
water content with an increase smoke temperature can be proposed. Tobacco naturally absorbs water
from the environment to a level of approximately 10 % by weight when stored at a temperature of
22 °C and a 60 % relative humidity. When a cigarette is lit, the heat from the coal drives a cloud of
volatile tobacco components down the tobacco rod where they cool and condense to form the smoke
aerosol. Water vapour will be the biggest vapour phase smoke component due to the release of the
water absorbed by tobacco and the additional amount produced as a combustion product. Previously
unpublished work (A.9) measured 200 mg to 300 mg of water per cigarette in the sidestream smoke
from 84 mm long filter cigarettes. With such large amounts of water present when smoke is generated,

8 © IS0 2015 - All rights reserved
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it seems inevitable that the concentration will remain high, at or near the saturated vapour density
(SVD) of water, as it cools continuously while travelling through the tobacco rod. Increasing puffing
intensity will increase the heat transfer from the cigarette coal into the tobacco rod as well as reducing
the residence time of the smoke. As a consequence, the smoke will cool to a lesser extent and leave the
cigarette at a higher temperature. As shown in Figure 4, the SVD increases at a much greater rate than
the temperature so allowing the smoke to carry much greater quantities of vapour phase water.

Y
035 |

0,25

0,2

0,15

0,1

0,05

Ky
X| ~temperature °C

Y 4 Lol | . L 1
Sdtiturdicu VG}JUUI uCllblLy llls/ ITIT

NOTE SVD at 22 °C=0,0194 mg/ml.
Figure 4 — Change in the saturated vapour density of water with temperature

Although the temperature data from 5.3 cannot be directly correlated with the puff by puff yields
discussed in this clause, it is of interest to calculate the temperatures necessary to produce the
measured water yields in order to compare with those in 5.3. The relationship between temperature
and SVD in Figure 4 can be used to convert the puff by puff water yields in Figure 2 to equivalent
temperatures after the yields are converted to concentrations in mg/ml by dividing by the puff volume.
When calculating the temperatures, it is assumed that the water vapour will always be present as a
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saturated vapour, i.e. the RH is 100 %. This assumption is made on the basis of there being a continuous
drop in temperature along the tobacco rod and the cigarette filter before the smoke leaves the cigarette.
The smoke temperature would then continue to fall as it passed through the CFH so that the smoke
water would remain as a saturated vapour at the exit of the CFH.

Support for this assumption comes from the A.16 study which collected and measured the vapour phase
water at the exit of the CFH using an impinger trap. The vapour phase water concentration is shown
in Figure 5 for the three products tested using the HCI regime and a linear smoking machine. When
making these measurements, it was assumed that the water content of the air drawn into the cigarette
during puffing would contribute to the vapour phase water and needed to be subtracted to determine
the true|smoke yield. The A.16 study measurements were reported after subtracting the backgrournd
moisturg¢ as determined from blank smokings of unlit cigarettes to the same puff number. Since.the
subtractjon of the blank measurements effectively reduces the smoke measurements by an"amount
equivalept to 60 % RH at 22 °C, the remaining values will indicate the vapour phase water content to |
saturatefl, i.e. 100 % RH, if equivalent to 40 % RH at 22 °C. The vapour density equivalentto 40 % R
at 22 °C|s also indicated in Figure 5. It is evident that the vapour density of the water leaving the CF
was aboye the 40 % level for all three products indicating that it was still saturated. It was, therefor]
above the SVD at 22 °C before subtracting the blank value and, since the smoke cannot carry water at
greater doncentration than the SVD, the temperature of the smoke must have béen'above 22 °C.

o @ T T o
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Figure 5 — Water vapour density at exit of CFH from A.16 study data (linear smoking machine)

The equivalent temperatures to produce a vapour phase water content equal to the per puff yields in
Figure 2 while also maintaining a saturated vapour density at the exit of the CFH at 22 °C are plotted in
Figure 6. Also plotted in Figure 6 are the measured temperatures for the HCI regime from Figure 1 as
well as the measured water yields from Figure 2. It is clear from the measured temperatures that
the calculated temperature values could easily be achieved when smoking a cigarette. From this
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observation, it follows that the majority, and possibly all, of the rapid increase in the per puff water
yield for the later puffs can be attributed to the increase in the smoke temperature and associated SVD,
allowing the smoke to carry over a much increased quantity of water from the cigarette to the CFH. The
agreement between the measured and calculated temperature values is surprisingly good even though
the data is from different products, the measured temperatures are peak values rather than average
and the contribution of the particulate phase water has not been taken into account. This is possibly an
indication of the smoke temperature being the dominating factor in determining the water content of
cigarette smoke.

Y1 Y2
70 -4
-43,5
60
= 3
50
425
40
-2
30
41,5
20
-1
10 | Jos
0 | | | | | 00—
0 2 4 6 8 10 12 X

Key
X  puff number predicted temperature (°C)

Y1 temperature (°C) measured temperature* (°C)

o> n

Y2 water yield (mg/puff) water (mg/puff)

Figure 6 — Measured (*A.4) and calculated puff by puff temperatures, and measured water
yields
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Although studies have been carried out to determine how smoke yields change with the smoking
regime used to measure them, they have predominantly been to directly compare the ISO regime with
alternative regimes proposed by public health bodies. Very few studies have been designed to make
possible the development of predictive models by tracking the change in smoke yields over a wide range
of smoking intensities.

The smoke yield data in Table 2 for 16 smoking regimes from a study (A.9) carried out in the 1980s,
hereafter called the 1980s study was re-analysed before presentation to WG 10. The data was produced

ut,ing a four port linear smoking machine with each determination based on smoking two ghannels of
five cigarettes (i.e. 10 cigarettes).
Table 2 — Data for an unventilated 15 mg ISO king size brand from the 1980s,study (A.9)
Puff volume Puff frequency (puffs/min) 1 1,5 2 3
Puff number 10,0 14,3 18,5 24,5
NFDPM yield (mg/cig) 7,01 10583 13,31 18,00
17,5 ml Water yield (mg/cig) 0,22 0,44 0,66 0,52
Nicotine yield (mg/cig) 0,78 1,07 1,33 0,95
Filter retention (%) 49,0 49,0 49,6 —
Puff number 9,1 11,9 14,4 19,6
NFDPM yield (mg/cig) 16,01 21,28 24,28 28,21
35ml Water yield (mg/cig) 1,34 2,30 3,72 5,62
Nicotine yield (mg/cig) 1,46 1,95 2,27 2,52
Filter retention (%) 40,3 42,1 42,3 43,1
Puff number 7,3 9,7 11,2 12,6
NFDPM yield (mg/cig) 25,98 31,96 38,07 42,45
70 ml Water yield (mg/cig) 7,56 14,02 19,70 28,64
Nicotine yield (mg/cig) 2,20 2,68 3,30 3,59
Filter retention (%) 36,1 37,5 36,5 36,6
Puff number 6,3 8,6 9,7 11,0
NFDRM yield (mg/cig) 32,58 38,60 41,96 50,07
100 ml Water yield (mg/cig) 14,50 22,66 27,72 39,84
Nicotine yield (mg/cig) 2,70 3,25 3,46 4,09
Filter retention (%) 35,1 35 36,2 35,4
Table 3 — Product details for 2011 study (A.14)
Code L (L with ventilat‘i‘i)n holes taped)
ISO NFDPM (mg/cig) 3,3 7.9
Cigarette length (mm) 83 83
Butt length (mm) 35 35
Filter length (mm) 27 27
Filter ventilation (%) 49,3 0 (ventilation holes taped)

The puff duration for all regimes was held at 2 s. The study used three cigarette brands with nominal
ISO NFDPM yields of 15 mg, 9 mm and 1 mg. The original purpose of the study was to investigate if the

© ISO 2015 - All rights reserved
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rank order of brands, based upon smoke yields, was fixed over a wide range of smoking regimes. The

study did not find any change in ranking.

The data was originally reported with the puff volume and puff frequency as separate variables as
shown in Figure 7 for the unventilated 15 mg ISO tar brand.
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1,5 puffs/min
1 puffs/min

Figure 7 — NFDPM yields for 15 mg ISO tar brand for all 16 smoking regimes from 1980s study

(A.9)

The data was re-analysed and presented to WG 10 after creating a new variable defined as the puffing
intensity (Ip) by taking the product of the puff volume and frequency. This variable is a measure of the

14
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volume of air drawn into the cigarette every minute due to puffing. The correlation with NFDPM yield
is good, as shown by the trend line in Figure 8 for the 15 mg ISO tar brand.
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Figure 8 — Puffing intensity versus NFDPM yield for 15 mg ISO tar brand from the 1980s study
(A9)

Although not shown, the same type of logarithmic relationship was found (A.9) between puffing
intensity and the nicotine and carbon monoxide yields from this brand.

The relationship between the water yield and puffing intensity was very different as shown in Figure 9
for the 15 mg ISO tar brand. Relative to tar (NFDPM), the water yield increases from about 10 % at the
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ISO puffing intensity to about 40 % at the HCI puffing intensity and climbs to about 90 % at 300 ml/min,
the highest puffing intensity used. The relative yields of tar and water are similar to those found in the
WG 10 TNCO study supporting the use of this data for general predictions. The data indicates that the
use of an intense smoking regime, relative to the ISO regime, will result in a disproportionate increase
in the yield of smoke water.
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Figure 9 — Puffing Intensity versus NFDPM and water yield for 15 mg ISO tar brand
from 1980s study (A.9)
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The trends found with the data from the 1980s study were supported by data (A.14) from a similar more
recent study carried out in 2011 using two commercial products from that time.[8] These products had
relatively lower yields, lower tobacco weight and an American blend rather than a Virginia style. As well
as smoking the two products without modification, the product with filter ventilation was smoked with
the ventilation holes taped to produce a third product with no filter ventilation. Only the measurements
from the product smoked normally (L) and with the vents taped (LV) are considered in order to analyse

the impact of vent blocking on smoke yields. The product details are given in Table 3.

The products were smoked using the smoking regimes in Table 4 with the puff duration held at 2 s for
all regimes. All smoking runs were carried out on a linear smoking machine following ISO procedures

apart from the set puffing regime.

Table 4 — Smoking regimes for 2011 study (A.14)

Puff volume Puff frequency
(ml) (puffs/min)
17,5 1 1,5 2 3
35 1 1,5 2 3
55 1 1,5 2 3
70 1 1,5 2 3

v o

gure 10 shows the NFDPM yields plotted against the puffing{intensity for the two products.
bst fits a logarithmic relationship in the same way as thedata from the 1980s study. Figures 1
how the corresponding nicotine and carbon monoxide yields plotted against puffing intensity.

The data
1 and 12
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Figure 10 — NFDPM yield versus puffing intensity for products L and LV from 2011 study (A.14

==

18 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=ef212f924be980df3be28e7baf42ced0

ISO/TR 19478-2:2015(E)

Y
2,5 -
2 —
15
1 —
0,5 -
0
0 50 100 150 200 X
Key
X| puffing intenSity{ml/min) O L
Y| nicotine (mg/cig) A LV
Figure 11 — Nicotine yield versus puffing intensity for products L and LV from 2011 study
(A.14)
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Figure 13 shows the water yields plotted against puffing intensity. The trend in the data is the same as
for the 1980s study with the change in yield being better reflected by a linear fit to the data.

20
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Fighre 13— Water-yield-versuspuffingintensityfor produets -and FV-from204d-study (A.14)

The overall conclusion from analysing and comparing the data from the 1980s and 2011 studies is that
the trends in the change in smoke yields with increasing puffing intensity are very similar in spite of
the different cigarette designs and blend styles. The TNCO yields are logarithmically related to puffing
intensity whereas water yields are linearly related. As a consequence, the water yield increases relative
to the other smoke components and becomes a major component of the combined smoke particulate
and vapour phases when using the HCI regime.
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5.6 Factors relevant to understanding how cigarettes burn and their use for predicting
smoke yield

5.6.1 Areview of additional studies

It is apparent that establishing relationships of the type identified in 5.5 might provide a means of
predicting smoke yields. The most easily predicted smoke property is the total puff volume, i.e. total
smoke volume, taken to completely smoke a cigarette, since the cigarette is consumed by taking puffs
of a fixed, preset volume at a fixed, preset frequency. The only unknown is the length of time taken to

smoke t}
rate of th

The puff]
for the c

B=1

where
B
L
T

and

T=(

N

B=1

The valules of burn rate, calculated from the above relationship, are plotted against the corresponding

values of

- dnde de dl o .1 PN | d=l doaal 1 dan R o dul £L 1 1
< Llsdl CLLC LU LIIT bl.)CL,lllCLl ULt 1cugux WIILICIT CAdll UT TSUIIIALCU 11T UIIT ULIIT puu TonToeroroun
e cigarette.

number data from the 1980s study (Table 2) was used to estimate the average burn tate (B)
garette. The burn rate, B, is:

T M

s the burn rate, in millimetre per minute;
s the length burnt, in millimetre;

s the smoking time, in minutes.

N - 0,5)/F

s the puff number;

s the puff frequency, in puffs per minute.

x F/(N-0,5) (3)

puffing intensity (Ip)in Figure 14.
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Figure 14 — Burn rate versus puffing intensity for 15 mg ISO tar brand from 1980s study (A.9)
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The plot shows a good correlation between burn rate and puffing intensity so that the burn rate is
defined by:

B=IpxC+S§ (3)
where

Ip is the puffing intensity;

C

S a constant;

S

The fittd
The inte
rate whe
fixed rat
puffing i

It is of ix
intensity

Vt=1|

which tr

L/Vt

The plot

s the smoulder burn rate.

d trend line shows a linear increase in burn rate from a fixed value at zero puffing)intensity.
Fcept on the y-axis gives the value for the smoulder rate of the cigarette i.e. the @atural buin
n no puffs are taken on the cigarette. The linear fit indicates that the burn rate increases at|a
e, given by the value of the slope so that the increase is directly proportional'to the increase In
htensity.

terest to note that Formula (3) can be used to link the total smokevolume (Vt) with puffing
(Ip) since:

pxT=IpxL/B=IpxL/(IpxC+5)

hnsforms to:

= (S/Ip) + C ®

of 1/Vt against 1/Ip in Figure 15 confirms theYelationship.
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Figure 15 — 1/Total smoke volume versus 1/puffing intensity for 15 mg brand from 1980s
study (A.9)

The above finding indicates how a cigarette is consumed during smoking. Once lit, the rate of
consumption is initially determined by the natural burn rate (smoulder rate), which depends on the
product design, and this is increased by puffing. The additional quantity of tobacco consumed during
puffing is directly proportional to the volume of air drawn into the cigarette during puffing.

The next point for consideration is the “conversion” of tobacco into smoke. The simplest way to examine
this is to compare the quantity of smoke produced with the volume of air drawn into the cigarette to
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burn the tobacco. In Figure 16, the total smoke volume taken to smoke the cigarette is plotted against
the NFDPM and nicotine yields for the 15 mg ISO product from the 1980s study. The two variables are
shown to be directly proportional for both smoke components. This indicates that both the amount
of tobacco consumed and mainstream smoke produced are proportional to the volume of air drawn
into the cigarette when puffing. The same trends were found with the 2011 study measurements of
NFDPM, nicotine and carbon monoxide from the two products L and LV, as shown in Figures 17, 18 and
19. This finding from the two studies indicates that there is little change in the concentration of these
components in tobacco smoke over a large range of smoking intensities.
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Figure 16 — NFDPM and nicotine yield versus total puff volume for 15 mg ISO tar brand
from 1980s study (A.9)
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Figure 17 — NFDPM yield versus total puff volume for 2011 study (A.14)
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Figure 18 — Nicotine yield versus total puff volume for 2011 study (A.14)
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Figure 19 — Carbon monoxide yield versus total puff volume for 2011 study (A.14)
Sncéthe same product was smoked with the ventilation holes open (L) and blocked (LV) in the 2011
study, the yields can be compared with respect to the puff volume at the cigarette coal. As the filter

ventilation was known (49 %), it was possible to calculate the puff volume upstream of the filter
ventilation holes, i.e. set puff volume x 0,51. This “coal” volume is slightly higher than the true coal
volume as it also includes a small volume of air drawn through the cigarette paper. The total “coal” puff
volumes designated as LC were calculated as 0,51 of the values for L and added to the plots for L and LV
in Figures 17, 18 and 19. The agreement between the data for LC and LV is extremely good, providing
further support for the assumption that the production of these smoke components is proportional to
the puff volume at the cigarette coal.

In contrast, when the water yield values for total “coal” volume LC are compared with those from LV in
Figure 20, the agreement is very poor. The values of water yield for LC are much lower than the values
for LV at matched values of total puff volume. Since there is no reason why the water yield produced
at the coal when smoking the L product should differ from those for LV at a matched coal puff volume,
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it must be concluded that water is “lost” from the smoke after it meets the ventilation air drawn into
the cigarette through the filter ventilation holes. The term “lost” needs to be qualified as there appear
to be two possible explanations for the reduction in the expected smoke water content. One is that
the ventilation air cools the smoke and the water condenses in the cigarette filter and the other that it
remains in the smoke vapour phase by mixing with the ventilation air to reduce the vapour pressure,
but is not then collected in the CFH. This finding is important and an indication of possible difficulties
in the gravimetric determination of TPM and NFDPM when the water becomes a major component of

smoke condensate due to the use of an intense smoking regime.
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Figure 20 — Water yield versus total puff volume for 2011 study (A.14)
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The understanding of the smoking process from studies of the type reviewed above has provided the
basis of models to predict the burn rate of cigarettes and link it to smoke yields. The models have, in
general, been based upon linking the puff volume drawn into the cigarette at the coal with the increase
in the amount of tobacco burnt in comparison with the smoulder burn. To do this, they need to take into
account the various components of the air flow into the cigarette such as that through the coal, cigarette
paper and cigarette filter. Such a model (A.27), based upon the sequential burning of a tobacco rod
through successive puffing and smouldering periods, was shown to be capable of accurately predicting
the burn rate and burn time of cigarettes over a wide puffing intensity range. The model was evaluated
through comparison with experimental data from smoking a commercial 83 mm long, ventilated (52 %)

fWﬂWWMMpWMMmd with
the filter ventilation holes both open and blocked. The model could be used to calculate thé-eduction
in) the time, AT, required to smoke a cigarette due to puffing it as opposed to letting it smoulder burn
cpmpletely. AT was found to be directly proportional to the NFDPM, nicotine and carbon monoxide
ylelds, Figures 21, 22 and 23 respectively, and independent of having the filter ventilation hole$ open or
blocked during smoking. Although AT was also independent of vent blocking wheh'correlated|with the
water yields, these increased more rapidly than the other smoke components resulting in a befter fit to
ah exponential trendline, Figure 24.
[
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Figure 21 — NFDPM (tar) yield versus AT for A.27 study
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Figure 22— Nicotine yield versus AT for A.27 study
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Figure 23 — Carbon monoxide yield versus AT for A.27 study
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5.6.2 Areview of WG 10 study data

It is also|of interest to review.the data from the WG 10 study to see if it agrees with the findings for the
1980s study and 2011 study. Table 5 gives the ratio of the yields for the HCI and ISO regimes togeth¢r
with the|corresponding rdtio of the total volumes of air drawn through the coal.

O vents open

Figure 24 — Water yield versus AT for A.27 study
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Table 5 — WG 10 study — Relative HCI/ISO smoke yields

Filter venti- Ratio HCI/ISO
Product la(to}sn TPM Nicotine | Water NFDPM co T{’,ff]‘:lﬁ:’eal
A 76 20,0 12,6 81,6 15,7 15,3 7,42
B 52 6,0 3,5 24,1 4,6 4,4 3,73
C 26 3,7 2,7 9,5 2,9 2,9 2,84
D 37 3,9 2,0 12,2 3,1 2,9 3,12
E 0 2,6 2,1 5,6 2,3 2,2 2,28
F 42 4,1 2,7 12,1 3,2 29 3,25
G 18 3,6 2,5 9,4 2,8 2)5 2,43
H 22 3,6 2,5 10,8 2,9 2,5 2,43
[ 71 13,0 6,6 47,5 9,7 8,9 5,23
] 0 2,4 2,0 6,0 2,0 1,8 2,25

—

he Total Coal Volume, TCV, is calculated as:

TCV = Puff number x Puff volume x (100-% Filter ventilation)/100

The ratios for the water, TPM, NFDPM, nicotine and carbon monoxide yields are plotted ag
cprresponding Total Coal Volume ratios in Figure 25 using a logarithmic scale on both the X- ay
Tp assist with the comparison of the yield and TC¥,data, lines are included in Figure 25 to
where the increase in the HCI/ISO yield ratio is egqual to, twice, four times or eight times the
TCV ratio. The plot shows that the relative yields of NFDPM, nicotine and carbon monoxide fo
tme 10 products are predicted from the relative change in the TCV drawn through the coal {
them as indicated by the proximity of the data to the 1 to 1 line for these smoke compong
cpnclusion drawn from this is that the concentration of the smoke components at the cigar
if the same for the two smoking regimes, and in agreement with the expectations from the 1
2p11 studies above.

hinst the
1d Y-axis.
indicate
HCI/ISO
- eight of
0 smoke
nts. The
ette coal
D80s and
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Figure 25 — HCI/ISO yield ratio versus total coal volume ratio for water, TPM, NFDPM,
nicotine and carbon monoxide (WG 10 TNCO study data)
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The yield ratios of the two highly ventilated products, A (76 %) and I (71 %), are much greater than
expected from the TCV ratios. The most probable explanation is that, although the concentration of
the smoke components is the same when the smoke is formed at the cigarette coal, it is reduced to a
greater extent in transit through the cigarette in comparison with the other eight products. The much
reduced smoke velocity increases filtration efficiency in the tobacco rod and filter upstream of the
filter ventilation holes. The filter retention measurements in Table 2 illustrate this trend with the filter
retention falling as the puff volume, and hence flow rate, through the cigarette is reduced. Whereas the
ISO regime flow rate through a cigarette with no filter ventilation would be 64 % of the HCI regime, for
Product A, with 76 % ventilation, it would be reduced to only 15 % of the HCI regime upstream of the

filter ventilation holes

The yield ratios for the water in Figure 25 are well above the corresponding 1 to 1 line forkhe data,
being about 10 for ventilation levels below 30 % to 40 % but then increasing rapidly to more than 80 at
76 % filter ventilation. The yield ratios for TPM are greater than those for NFDPM as would be ¢xpected
fjlom the increased water content.

The conclusions drawn from this analysis of the WG 10 study data suppoxt-the assumptiorn used in

odels that, when smoke forms at the cigarette coal, the concentration of the main smoke components
i relatively fixed for a given product. It also shows, however, that it can/be’modified in transit through
the cigarette, with greater changes occurring at very low flow rates.

6 Comparison of the design and performance of rotary and linear smoking
machines

U

611 Areview of information relevant to conclusion j) of ISO/TR 19478-1:2014

(@)

bnclusion j) stated,

«

It has been observed in this study that the smgking machine type seems to be the major contribugor to the
bgtween-laboratory variability of the intensessmoking regime. In fact, and in contrast to the ISO|smoking
r¢gime, extreme differences can be obséryed between the two smoking machine types for mdst of the
easured parameters: higher values, for-TPM, nicotine, water and NFDPM and lower values for (O can be
hserved for linear smoking machipes.(and vice versa for rotary smoking machine type).”

o 3

Cpnclusion j) first acknowledges the robust nature of the ISO smoking standards when used |with the
[§0 smoking regime. Comparison of the measurements from the two machine types as a rjatio (see
Thble 6) indicates little foyno difference for all the measured smoke analytes apart from whter. The
Iqwer water yield measured on the linear machine can be explained by losses from the CFH during
smoking five cigarettes sequentially. The RH of the early puffs on each cigarette will be about 60 %,
the same as the ambient air, and will strip off water deposited from the later puffs, with a mu¢h higher
RH, of the previous cigarette. This will not happen on a rotary machine as all cigarettes ard smoked
cpnsecutivelyrwith the TPM collected by a single CFH. As a result, the RH of the smoke being follected
ificreases.continuously over the course of the smoking run. It should also be noted that the difference in
water yield does not impact on the agreement in the calculated NFDPM yield.

—
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Table 6 — ISO smoke yields from WG 10 study as a ratio for linear and rotary machines

Product Ratio of ISO yields (Rotary/Linear)

code TPM Nicotine Water NFDPM co

A 1,09 0,91 1,25 1,07 1,00

B 1,03 1,00 1,29 1,01 1,11

C 0,97 1,01 1,17 0,94 1,08

D 0,98 1,00 1,31 0,95 1,03

| 0,92 1,00 1,20 0,89 1,03

I 0,99 0,96 1,30 0,96 1,02

G 1,00 1,00 1,31 0,96 1,04

H 1,00 0,97 1,27 0,97 1,06

1,06 1,00 1,64 1,03 1,07

0,95 0,96 1,16 0,93 1,03

Mean 1,00 0,98 1,29 0,97 1,05
Conclusipn j) then contrasts the agreement in the measurements from the'two machine types using the
ISO regimne with the differences using the HCI regime. The yield ratios-in Table 7 highlight the maj¢r
differenges in TPM, water and NFDPM yields. This sets the need to ufderstand how the changed smoke
e

yield an¢l composition when using the HCI regime impacted on-its/collection and analysis using tk
designs ¢f smoking machines, equipment and procedures specified in ISO 3308:2000 and ISO 4387.

Table 7 — HCI smoke yields from WG 10 study as atatio for linear and rotary machines

ProJluct Ratio of HCl'yields (Rotary/Linear)

cofle TPM Nicotine Water NFDPM o
4 0,85 0,96 0,75 0,88 1,05
B 0,80 0,97 0,68 0,84 1,05
( 0,82 0,96 0,68 0,87 1,03
I 0,80 0,96 0,67 0,85 1,05
i 0,85 0,95 0,80 0,86 1,02
f 0,86 0,95 0,76 0,88 1,03
( 0,82 0,96 0,71 0,85 1,04
H 0,84 0,96 0,74 0,88 1,03
] 0,78 0,96 0,69 0,79 1,06
] 091 0,96 0,85 0,89 1,03

Mean 0,83 0,96 0,73 0,86 1,04

The consistency of the ratio for all 10 products in Tables 6 and 7 indicates that product design
variables have little influence on the value of the ratio and therefore do not impact on the differences
in yield between the two machine types when changing from the ISO regime to the HCI regime. The
consideration of cigarette design features does not provide a route for further investigation.

The two most obvious differences in design between the machines are the cigarettes being stationary
or moved during smoking and the design of the collection system for TPM. The possibility that one, or
both, of these differences could change the measured smoke yield should be considered. The lower TPM
yields from the rotary machine might be due to the cigarette movement reducing the TPM leaving the
cigarette for collection in the smoking machine, TPM depositing in the machine before reaching the
CFH or the TPM composition being altered to allow more to pass through the CFH. The lower NFDPM
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yields could result from the lower TPM yields or be an indication of a problem with the measurement of
smoke water when measuring the high yields from the HCI regime.

A review of the performance of the two machine types is more easily reported by breaking the smoking
process into procedural and equipment blocks. This is done in Annex C with the smoking procedure
divided into four phases and the equipment into three zones. This also makes possible a systematic
comparison of the design and performance of rotary and linear smoking machines.

6.2 Zone 1: The cigarette zone

2.1 Airflow/cigarette movement

6

The control of the flow of air over the cigarette is important as it will influence the.loss by fiffusion
of vapours and gases through the cigarette paper. Prior to smoking, the airflow is set as sp¢cified in
190 3308:2000 to aspeed of 200 mm/s at a point along the axis of the cigarette. Themeed to measure from
fixed point on the smoking machine when positioning the airflow probe results'in the measyrements
bing made at slightly different positions on the two smoking machine types,relative to the digarette.

a
b
Alny difference in the air flow resulting from this procedure will be smalkand of no concern.
A
nj

greater difference will arise due to the differences in the bagic.geometry of rotary and linear
achines. The layout of the two machine types is sufficiently different to make it impossible tq provide
the same air flow contours relative to the axis of a cigarette. While the same air speed might|be set at
approximately the same position on the cigarette axis, the diréction of the airflow will be different on
the two machine types. Specifying a common value for both'speed and direction is not possibl¢.

Another factor of relevance to the air flow over theccigarettes is whether they remain statipnary or
are moved during smoking. The cigarette holders on ‘the linear smoking machine remain sfationary
whereas those on a rotary move through a 360 degree arc between puffs. The movement on the rotary
njachine obviously results in an additional air mevement over the cigarettes.
Al
\%

ny change in yield due to a difference in air'movement over the cigarettes is most likely to ocqur in the
hpour phase compounds. Carbon monoxide is the only major vapour phase smoke component that is
rputinely measured using ISO methodology (ISO 8454). It, therefore, provides the most obvioyis means
Flooking at possible machine differences.

=}

If can be seen from the carbon'monoxide yield ratios for the two machines in Table 7 that the yjeld from
the rotary machine is slightly higher (about 4 % on average) although the difference is not stafistically
significant. Even if the difference was meaningful, it is in the wrong direction to indicate the defrease in
T|PM yields from cigarettés during smoking on the rotary machine is due to an increased loss of vapour
phase water.

This finding was.,supported by the A.21 study of the retention efficiency of cigarette filters for smoke

ater. The study involved smoking four channels of the same commercial cigarette product gn both a
r¢tary and linear smoking machine using the HCI regime. The TPM, water, NFDPM and nicotihe yields

ere measured as well as the water retained by the cigarette filter tip. The rotary/linear yield ratios for
thesé.smoke analytes are plotted in Figure 26 together with the ratio of the water retained in [the filter
tip.The equivalent HCI data from the WG 10 study is also included to show the good general agreement
with the A.21 data. Whereas the rotary/linear water yield ratio is similar and well below a value of
one for both HCI data sets, the tip water ratio is slightly greater than one. This finding indicates that
the water component of the smoke passing through the filter is the same for both the rotary and linear
smoking machines. The reduction in the amount of water subsequently collected on the rotary machine
cannot, therefore, be due to a difference in air movement over the cigarettes.
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Figure 26 — Comparison of HCI'smoke yields from the A.21 study as a machine ratio
(rotary/linear),with the values from the WG10 TNCO study

Further pvidence (A.17) that'the yield differences between the two machine types was not caused by
air flow [differences or cigarétte movement was provided by a study using a rotary machine capable
of two operational modes of smoke collection. The first mode of operation was to use the machine
normally apart from‘replacing the 92 mm CFH with a 44 mm CFH. The second mode of operation was

3mg and 6 mg.

The TPM, water, nicotine and NFDPM yields for the study are given in Table 8 and together with the yield
ratios from the two smoking modes. The yield ratios show that the yields for the HCI regime when using
the normal rotary mode are lower than those using the linear mode and the pattern for the reduction in
yield is very similar for the four products, Figure 27. The average ratios for the four products (Table 8)
are similar to those found for the 10 products in the WG 10 study (Table 7) when comparing the yields
from the two machines. The A.17 study data for the HCI regime is compared with both the ISO and
HCI regime WG 10 study data in Figure 28. This plot clearly illustrates the good agreement of the A.17
data with the WG 10 study data for the HCI regime as well as the poor agreement with the data for the
ISO regime from the WG 10 study. This finding indicates that the difference in the yields from the two
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machine types in the WG 10 study is due to the difference in the position of the CFH, and, conversely, is
not due to the differences in air flow or cigarette movement.

Table 8 — HCI smoke yields from A.17 study as a ratio of two machines types (rotary/linear)

Product Mode TPM Water Nicotine NFDPM

(mg) (mg) (mg) (mg)

Rotary 36,77 12,45 1,89 22,43

A (3R4F) Linear 49,28 20,67 2,13 26,49
Ratio 0,75 0,60 0,89 0)85

Rotary 30,11 9,01 1,48 19,62

H (ISO-6 mg) Linear 38,10 13,42 1,53 23,16
Ratio 0,79 0,67 0,96 0J85

Rotary 25,59 8,64 1,31 15,64

d (1S0-3 mg) Linear 35,21 13,60 1,36 20,25
Ratio 0,73 0,64 0,96 0[77

Rotary 27,38 7,39 1,50 14,50

I (ISO-1 mg) Linear 34,08 10,92 1,70 21,46
Ratio 0,80 0,68 0,88 0J86

Mean Ratio 0,77 0,65 0,92 0/83
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Figure 27 — Comparison.of HCI smoke yields as a machine ratio (rotary/linear)
from the four individual products in A.17 study
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Figure 28.— Comparison of the average smoke yields as a machine ratio (rotary/lingar)
from the A.17 study and WG 10 TNCO study
6{2:2 Puffing

Although the basic smoking process whereby the suction mechanism draws a preset puff volume at
a preset frequency is identical for both the machine types, there are procedural and environmental
differences during the smoking process.

The standard linear machine has 20 independent smoking ports and suction mechanisms, allowing
it to smoke up to 20 cigarettes simultaneously. Each cigarette on a linear machine is lit and puffed
simultaneously during a single smoking run.

In contrast, on a rotary machine, the 20 cigarettes are lit and puffed sequentially. They are moved by
the rotation of the carousel, on which the cigarette holders are mounted, between each puff to allow the
single suction mechanism to be coupled to each portin turn.
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These differences have a major impact on the pattern of the smoke flow into the CFH where it is collected
for analysis. This is further discussed in 6.3.2 dealing with the CFH.

6.2.3 Termination of smoking

During a smoking run, the tobacco rod is allowed to burn until it reaches the butt length specified in
ISO 4387, at which time the smoking process shall be stopped. The two devices used to terminate the
smoking process operate on different scientific principles which impacts on the setting procedure
as well as their relatlve speed of operatlon to terminate a smoklng Tests (A 28) w1th both dev1ces
mounted-on-the ! , < | 3

possible|0,5 s dlfference in response tlme when termmatlng a smoklng run durmg a puff The two types
of termination devices are described in ISO 3308:2000, 5.4.8, as follows:

a) a mifro-switch activated by the burning through of a 100 % cotton, (48 + 4) tex thread, placed on the
buttlmark;

b) a spécially shielded infrared (IR) detector. The shielding defines a detection border pldne perpendicular
to the cigarette. The crossing of that plane by the burning cone terminates the puff.

Device (3) is used on the linear machine. Each port has its own device and the-port is designed to allow
the cigaljette holder to be moved along the axis of the cigarette to align the-¢otton with the butt mark
on the cigarette. After setting, the cotton will break once the cigarette is smoked down and burns the
cotton oh the butt line. The device can only operate once and thew neéds the cotton to be replacdgd
before the next cigarette is smoked. The procedure requires eachcigarette to be butt marked and the
mark aligned with the cotton thread before starting to smoke.

Device (3) cannot be used on a rotary machine as each smoking’port and cigarette move between puff
Instead, p single device (b) is used and positioned at a pointcorresponding with the average butt length
for the c]garette type being smoked. It is, therefore, not necessary to butt mark the cigarettes prior {o
smoking|on a rotary smoking machine.

[72)

The quegdtions arising from the differences described above are as follows:

a) doeq the movement of the cigarettes om the rotary machine result in a significant change in pufff
count by changing the burn rate?

b) doeq the reaction time of the different termination devices impact significantly on the puff count?

These two questions can be addressed jointly by firstly determining if there is a significant difference in
the meaqured puff number between rotary and linear smoking machines. If a difference in puff numbé¢r
is identiflied, it is then necessary to establish if it has a significant impact on the measured smoke yield.

The WG|10 study, with the large number of laboratories and almost equal numbers of rotary arld
linear mpchines, prevides a suitable data set to analyse for differences in puff number. The data was
grouped|by machine type, rotary and linear, and smoking regime, ISO and HCI, before the procedurgs
of ISO 5725-2 were followed to identify and remove outliers. An analysis was carried out in A.30. The
mean vallues.for each machine type and smoking regime are plotted in Figure 29. It is clear that the
differentres due to machine type are small for both regimes and for all 10 products.
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Figure 29 — Mean puff numbers from rotary and linear machines for products A to ] from the
WG 10 TNCO study smoked with the ISO and HCI regimes

In order to determine if these small differences were statistically significant, the critical values (the
95 % confidence limit) for the differences were calculated to compare with the measured differences
in puff numbers from the two machines. The critical and measured differences for the ISO regime are
plotted in Figure 30 and those for the HCI regime in Figure 31. It can be seen from Figure 30 for the
ISO regime, that the statistical significance of the machine differences for half of the 10 products is
border line while the other half are definitely different. In contrast, Figure 31 shows that the machine
differences for the HCI regime are not statistically significant for any of the 10 products.
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Figure 30 -« €Comparison of the measured difference in puff numbers between rotary and linegr
machines with the critical differences to indicate statistical significance
(Products A to ] study from WG 10 TNCU study smoKed using ISO regime) (A.30)
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Figure31 — Comparison of the measured difference in puff numbers between rotary and linear

machines with the critical differences to indicate statistical significance
(Products A to J from WG 10 TNCU study smoKed using HCI regime) (A.30)

Itis also of interest to compare the two machine types, and hence termination devices, for measurement
variability. The reproducibility values for the two machine types and two smoking regimes were
calculated and are shown plotted in Figure 32 as the percentage of the mean puff number. The patterns
are reasonably circular indicating little difference between the 10 products and the differences between
machine types for both smoking regimes are minimal. The values for the ISO regime are, in general,
slightly lower but the differences with those using the HCI regime are very small.
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Figure 32 — Comparison of the reproducibility values for puff number of products A to ] from
the WG 10 TNCO study as a percentage of the mean value for the rotary and
linear machines, and the ISO and HCI regimes (A.30)

The above analysis leads to the conclusions that the differences in puff numbers are small for both
regimes, they are not statistically different for the HCI regime and they do not provide a measurable
contribution to the yield differences between rotary and linear machines. Although there are some
small differences in puff number for the ISO regime, the extremely good agreement in the measured
smoke yields rules out the need to try to eradicate them. The reproducibility data indicates that both
termination devices are matched in the consistency of the measurements they produce.
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6.3 Zone 2: The smoke collection zone

6.3.1 General

Zone 2 is the smoke collection zone downstream of the cigarette holder which includes the smoke

particulate trap and the vapour phase collection bag on the outlet from the puff generator.

6.3.2 Connection of the cigarette holder to the CFH

nmachine makes this impossible and results in the need to
dpsigns of rotary machines, this takes the form of a short, low dead volume connecting'tub
iffto a 90°elbow.

The cigarette holder also needs to hold a soft rubber washer as specified in [ISO13308:2000.
CFH is remote from the cigarette holder on the rotary machine, this washer\is not includg
gravimetric determination of the TPM yield when weighing the CFH beforetand after a smol
E the case of the linear machine, it is possible to design the cigarette lolder/CFH combinat

e option of including the washer as an integral part of either of the two components. If th
iy integral with the CFH, it is included in the weight measurements-to-determine the TPM yi
iflis integral to the cigarette holder it is not. However, the use of CEHs with integral washers
machines is considered to be the most frequently used combinatioh.

Tests on an early design of rotary smoking machine AA10Q /had established that smoke co

c

Alnother study (A.22) carried out a more detailed examination of the deposition of smoke co
in) the collection system of current rotary and linear machines. It revealed that a significant
was deposited in the connector linking the cigarette holder to the CFH on the rotary machine.
fallowed a similar protocol to that reported in$.2.1 for the A.17 study using a rotary maching
of two operational modes of smoke collectigd. The first mode of operation was to use the
prmally (rotary mode) and the second was to place a 44 mm CFH directly behind the cigaret

=

F the smoke collection system (Figure 33) between the cigarette holder and the puffing dey
r¢moved from the smoking machine and weighed before and after the smoking run to deter
weight of smoke condensate deposited.

@]

e rotary

have a separate connecting piece,\On current

b formed

bince the
d in the
King run.
ion with
b washer
bld but if
bn linear

hdensate

uld be deposited before reaching the CFP and not extracted for water and nicotine measufrements.

hdensate
amount
[he tests
e capable
machine
te holder

that the TPM collection simulated that of a linear machine (Linear mode). The various components

ice were
mine the
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Figire 33 — Diagram of smoke collection system used for A.22 study

The weights of condensate deposited in the various sections of the smoke collection system, when
smoking the CORESTA monitor (CM6), are given in Table 9. It should be noted that the normal procedure
for the determination of the TPM yield from a cigarette involves weighing only the CFH, the 44 mm CFH
for linear mode and the 92 mm CFH for rotary mode. The normal TPM values in Table 9 are, therefore,
those from weighing (F+G+H) for the rotary smoking mode and (A+B+C+D) for the linear mode. The
normal TPM yields for the two smoking modes when using the ISO regime are well matched, both about
17 mg/cig, although there is also about 1 mg of condensate deposited in the CFH connector in the rotary
mode. The yields for the HCI regime are poorly matched, being about 37 mg/cig for the rotary mode
compared with 42 mg/cig for the linear mode. The difference is approximately equal to the amount of
condensate deposited in the CFH connector, about 6 mg/cig.
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Table 9 — Weight of condensate deposited in sections of the smoke collection system when
using the ISO and HCI regimes

HCI regime ISO regime
Deposited smoke condensate Deposited smoke condensate
(mg/cig) (mg/cig)
“Rotary” “Linear” “Rotary” “Linear”
mode mode mode mode

A 0,50 A+B+C+D 42,30 A 0,2 A+B+C+D 17,10

E 5,67 E 0,28 E 1,16 E 0,00

F+G+H 36,61 F+G+H 0,63 F+G+H 16,71 F+G+H 0,19

I 0,46 I 0,40 I 0,26 I 0,01

Total 43,24 Total 44,13 Total 18,13 Total 17,30
Normal Normal

TPM yield 36,61 42,30 TPM yield 16,71 17,10

ja il on Ml 5 B v B w MR e N v o R~
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is the rubber washer.

is the front of the 44 mm CFH.

is the 44 mm filter pad.
is the back of the 44 mm CFH.

is the CFH connector.

is the front of the 92 mm CFH.

is the 92 mm filter pad.
is the back of the 92 mm CFH.

is the puffing device connector.

—

9
S

—
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The obvious conclusion from the above observation is that volatile smoke components conden
internal surfaces of the CFH connector if-the rotary mode, for both the ISO and HCI regimes,
ldads to a reduction in the TPM trapped by the CFH. While the amount deposited for the IS
small and has a minor impact eh:measurements of TPM and NFDPM yields, the amount d
greater for the HCI regime and“does impact on these yields. To fully understand the signif
these deposits in the CFH connector, it is necessary to know the general composition of the d
aterial. Another study (A.26) was set up to establish the proportions of water and nicotil
bposited smoke condensate.

|
d

This study was carfied out using a Borgwaldt RM20H® rotary smoking machine to smoke
njonitor cigaretteusing the HCI regime. The TPM deposited in the CFH, in the CFH connector a1
pplychloroprenewubber washer was determined by weighing these items before and after the
ryuns. The TPM-collected by the three items was then extracted using isopropanol to determine {
ahd nicoting content. The agreement between the TPM, water, nicotine and NFDPM measy
flom this study and those from the WG 10 study (see Table 10) is very good, indicating the {
e ddditional measurements can be assumed to apply to the WG 10 study. It should also be n

e-amount of TPM deposited in the CFH connector, 5,35 mg/cig, is in close agreement with 4

e on the
and this
D regime
eposited
icance of
eposited
he in the

the CM6
nd on the
smoking
he water
rements
rends in
bted that

hat from

the A.22 study, 5,67 mg/cig, given in Table 9 as component E for the HCI regime. The composition of the
TPM deposited in the CFH, the CFH connector and on the rubber washer is given in Table 11.
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Table 10 — Comparison of A.26 study yields for CM6 with WG 10 study data

Unit A.26 study (:'A(l)(t;:?ngll\/(lig)
TPM (mg/cig) 39,3 39,6
NFDPM (mg/cig) 27,4 27,3
Water (mg/cig) 9,28 9,43
Nicotine (mg/cig) 2,64 2,62

T4ble 11 — Composition of TPM on CFH, CFH connector and polychloroprene washer

Polychloro-
prene washer

TPM mg/cig 39,3 5,35 0,76 45,4
mg/cig 274 1,98 0,32 29,7
% of TPM 69,7 37,0 42,1 65,4
mg/cig 9,28 3,31 0443 13,0
% of TPM 23,6 61,9 56,6 28,6
mg/cig 2,64 0,06 NQ (<0,01) 2,70
% of TPM 6,7 1,1 0,00 59

Unit CFH Connector Total

NFDPM

Water

Nicotine

It can be|seen that the TPM deposits on the rubber washer and\€FH connector are approximately 60
water arfjd 40 % NFDPM. The deposition of water is much.greater than would be expected from t}
proportipn of water (29 %) in the total TPM collected, jndicating that the greater proportion is mo
probably deposited by condensation from the vapour phase.

- @ o

The inflyence of the design of the CFH connector used on the rotary machine was investigated (A.2¢
in an attpmpt to identify any design parameters‘influencing the deposition of TPM. This work include
reducing the internal volume of the connecter as well as using different materials to manufacture

While it|appeared to be possible to reduce-the deposited TPM by reducing the internal volume arf
switchinlg from metal to glass, the reduction was not associated with an increase in the TPM collectg
downstream by the CFH. It was alsq_Shown to be possible to reduce the deposited TPM by heating t}
cigarettq holder and connector, butyagain there was no associated increase in the TPM collected |
the CFH.|These observations aré.most probably linked to the pattern of the change in the temperatuj
of the sipoke during its passagé through the CFH connector and CFH and the associated change

the SVD/ Consider, for exaniple, that considerably increasing the length of the CFH connector did n
increase|the TPM deposited. This could be explained by the smoke initially undergoing a rapid cooling
close to the entrance/fothe CFH connector and material condensing onto the walls as the SVD fell, buit
subsequéntly both the temperature and SVD stabilizing during the passage of the smoke through the
remaining length'of the connector so that little, or no, further deposition occurred.

S0 o< o o all

The overall‘conclusion from the review of the studies above is that the difference in the measurgd
TPM yieldsbetween rotary and linear smoking machines is predominantly due to deposition of smolte
condensate in the CFH connector on the rotary machine. This deposition also has some influence on the
measured water and NFDPM yields.

6.3.3 Collection of TPM and measurement of water and NFDPM

The collection of TPM when using the standards ISO 3308:2000 and ISO 4387 is assumed to take place
only in the CFH, although it has been shown in 6.3.2 that, for intense smoking regimes, this assumption
is not correct as smoke condensate can be deposited between the cigarette holder and CFH when using
the HCI regime with a rotary smoking machine. The basis of the assumption that the particulate phase
of cigarette smoke will be trapped with 100 % efficiency in the CFH is found in the specification of
the Cambridge filter pad (CFP) in ISO 3308:2000 which specifies the 99,9 % retention of particles of a
specified diameter (0,3 pm) similar to that reported for smoke particles. There is also an assumption
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that the other parts of the CFH will only retain minimal quantities of smoke condensate and ISO 4387
provides procedures, when using the ISO smoking regime, to account for the small proportion of the
TPM collected on the internal front surface of the CFH. The efficient trapping of smoke condensate in the
CFH to measure TPM relies on the cigarette smoke being a stable aerosol at the ambient temperature
(22 °C) of the smoking laboratory and the equipment in it, including the CFH.

The measurement of the NFDPM yield of a cigarette starts with the determination of the TPM yield by
weighing the CFH before and after the smoking run. After collecting the TPV, it is necessary to totally
extract it from the CFH with a solvent to measure the water and nicotine content. The procedure in
ISO 4387 requires the CFH to be opened, the CFP to be removed and placed in solvent, and the inside
fjont surface of the CFH to be wiped with two quarters of a CFP which are also placed in thg solvent.
This procedure relies on little volatile material being lost between opening the CFH and placing the CFP
i) the solvent, a low level of deposition on the front CFH internal surface and no deposition on the rear
CFH surface. While these conditions apply sufficiently to minimize measurement erréns when fising the
[§0 regime, they do not apply for the HCI regime.

Ig the A.22 study, the front and back of the 44 mm CFH were weighed independently to d¢termine
the amount of condensate deposited during smoking the CM6 monitor-using the HCI reglme. The
TPM deposited on the front and back parts of the CFH was 2,9 % and /4,5 % respectively of [the total
cpllected by the CFH. These values are almost certainly lower than the actual amount depogited due
t¢ evaporative losses when opening the CFH after the smoking run-to weigh its component parts. The
vapour phase water measurements in the A.16 study show that:the smoke temperature is apove the
ambient level of 22 °C at the exit of the CFH and is, therefore, still‘cooling and depositing water| through
cpndensation on the surfaces with which it is in contact. Water deposits on the back of the [CFH and
further downstream of the CFH would, therefore, be expected.

Cpté and Verreault[2] (C&V) attempted to reduce the érrors in the measurement of NFDPM when using
the HCI regime by revising the procedures in 1SO4387 to measure the TPM collected on the f}lter pad,
rather than in the CFH, to calculate the NFDPM yield. This study was also presented to WG [LO at the
8th meeting (A.12). The study compared TPNrand NFDPM yields from three products when {ising the
nprmal ISO 4387 weighing procedure with those obtained when using a modified procedure to yeigh the
empty CFH and filter pad separately. The results for the TPM measurements are reproduced in[Table 12
\
1

here it can be seen that the modified method provides consistently lower measurements [12 % to
b %), and since the water and nicetine yields are the same, the absolute difference in the NFDRM yields
if the same as the TPM yields with“a greater relative difference (21 % to 25 %). Approximatel]y half of
the TPM difference (5 % to 7.%) can be explained by the amount of condensate left in the holder after
¢moving the filter pad and wiping the front surface with the two quarters of a filter pad as pecified
in ISO 4387. The remainihg/difference (6 % to 8 %) is assumed to be due to evaporative losses|from the
filter pad and internal(surfaces of the CFH after it is opened.

=

Table 12 — TPM measurements from A.12 study

Product TPM Residual mass Unaccpunted
ISO tar melllvtl) d (m’lg;l:ilg) (l:ln Fg];(};l\g/[) difference in CFH diffelence
(mg/eig) (mg/cig) (mg/cig) (mgjcig)
) Standard 35,0 20,7 5,3 2,5 218
Modified 79,7 15,5 {1596 of Stdj {719 of Stdj 8,096 of Std)
8 Standard 49,3 28,2 59 2,7 3,2
Modified 43,4 22,3 (12,0 % of Std) | (5,5 % of Std) (6,5 % of Std)
1 Standard 59,9 34,7 7.4 3,4 4,0
Modified 52,5 27,3 (12,4 % of Std) (5,7 % of Std) (6,7 % of Std)

Additional measurements were made using the ISO and the Massachusetts regimes. The combined data
is shown in Figure 34 where the difference in the TPM yields from the two weighing procedures is
plotted against the measured smoke water yield. It is clear that there is a direct proportionality between
these two variables indicating that, while the source of the difference is the inefficient extraction of
the smoke water collected in the CFH, the magnitude of the TPM difference is driven by the amount of
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water in the smoke. The study shows that a significant proportion of the smoke condensate collected
in the CFH was deposited on the internal surfaces rather than being totally collected on the filter pad,
that a substantial proportion of this material was water (>80 %) and a significant proportion was lost,
or not extracted, when the CFH was opened. The study supports the findings of the A.22 study which
found 4,4 % of the TPM to be deposited on the internal surfaces of the CFH.

Y
25

8 X
Key
X  TPM yield difference (mg/cig) 2 I1SO
Y measured water yield (mg/cig) | Massachusetts
A HCI

Figure 34 — (Cote and Verreault study) — Measured water yield versus TPM yield difference
using ISO 4387 and the modified procedurel?]
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Measurements directly quantifying the loss of water after opening the CFH were presented by Ghosh
and Jeannet[10] (G&]J). Both the ISO and HCI smoking regimes were used and again the standard
procedure from ISO 4387 was compared with a modified procedure for the measurement of TPM, water
and NFDPM. The modified “in situ” procedure followed on from weighing the CFH after the smoking
run and involved using two syringes to flush 10 ml of isopropanol backwards and forwards through the
unopened CFH 60 times over a period of 30 min. The normal ISO procedures were then used to measure
the smoke nicotine and water yields.

The study was carried out with three products including the 3R4F reference cigarette and a commercial
cigarette. The study used both the ISO and HCI regime and the measurements were based upon
1p determinations for each product (5 cigs/determination for ISO and 2 cigs/determination [for HCI).
The data for the two cigarette products is given in Table 13. The TPM yields would be expected to be
uhaffected by the use of different CFH extraction procedures and the agreement between the pairs of

easurements for each product type (ISO 4387 extraction procedure and the “in situ”) is very good.
The agreement in the nicotine measurements is also very good with those from thefin situ” extraction
procedure being slightly higher than those from the normal ISO 4387 prdeedure. This |possibly
indicates a slightly higher recovery of nicotine from the CFH, although only.the 5 % increase for the
3R4F using the HCI regime was found to be statistically significant. The¢@reatest impact of yising the
“In situ” extraction procedure is the much increased water yields measured when using the H(I regime
which results in the corresponding NFDPM yield values being much reduced, the 3R4F by 23 % and the
pbmmercial product by 17 %.

(o)

Table 13 — Measurements from Ghosh{and Jeannet study

Smoke yields
(ng/cig)
[SO regime HCIregime

ISO 4387 “in situ”\CFH ISO 4387 “in situ” ¢FH
procedures extraction procedures extractipn

3R4F Commercial 3R4F Commercial 3R4F Commercial 3R4F Commercial
product product product product

PM 10,46 8,94 10,57 9,06 45,63 39,67 45,85 38,34
icotine 0,78 0,64 0,80 0,66 1,97 1,71 2,07 1,75
Vater 0,67 0,65 1,14 0,88 13,33 12,58 20,51 15,82
FDPM 9,01 7,65 8,64 7,54 30,33 25,38 23,27 0,97

Zl< | =z |

he purpose of the @agasurements both from this study and the C&V study was to provide| a direct
easure of the trie'water yield for comparison with that measured using ISO 4387. As the C&V study
ced an indirect mmeans of doing this, it is of interest to establish the level of agreement with this later
fudy. In ordef to do this, the “true” water values were calculated for the C&V study by adding the
mleasured{difference in TPM to the measured water yields. The “in situ” values were then taken from
the G&Jstudy to be the true water yields. These “true” water yields are shown plotted against those
njeasuried using the [SO 4387 procedures in Figure 35. The agreement between the two data sets is good
ahdthe trend line indicates that measuring the water yield using ISO 4387 procedures undergstimates
the true yield by about 25 %. This in turn will result in the overestimation of the NFDPM yield when the
water yield is subtracted from the TPM yield. While this has a minor impact when using the ISO regime
for which the water yield is approximately 10 % of the TPM yield, it has a major impact when using the
HCI regime for which the water yield is approximately 40 % of the TPM yield.

S 3 -

%]
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Tinear (both studies)

Figure 35 — Comparison of water yield measurements made by Cote and Verreault (C&V)
and Ghosh and Jeannet (G&J)[210]

6.4 Zone 3: The puff generator

The puff generator is in the third and final zone of the smoking machine. This piece of the smoking
machine is required by ISO 3308:2000 to produce a puff volume of 35 ml over a 2 s period with
a symmetrical bell shaped flow profile. The requirement for a bell shaped profile is based upon the
historical use of a piston moved by a rotating crank to draw the required puff volume through the
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cigarette being smoked. Three design options for such a system are shown in ISO 3308:2000, Annex B,
each of which would produce a different shape for the bell profile. Examples of profiles obtained on five
commercially available smoking machines, of rotary and linear design, from four manufacturers were
presented by Masonl[11] as a poster presentation at the CORESTA meeting in 2004 and are reproduced
in Figure 36. While there are obvious differences in the profiles, all were set to provide a 35 ml puff
volume and satisfy the flow characteristics specified in ISO 3308:2000, 4.5, given below.
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X
Key
X time(s)~%~ - __--_-- machine A
Y flow {ml/s) —  machineB
machine C
- 08s machine D
- _172s — — — _ machineE

Figure 36 — Puff profile measurements from five commercial smoking machines
with the volume set to 35 mll[11]

ISO 3308:2000, Annex C illustrates how the bell profile will be distorted when an additional flow
resistance such as a cigarette is introduced in front of the puff generator. The flow through the cigarette
will lag behind the volume being displaced at the piston with a consequent reduction in the pressure
at this point resulting in a distortion of the original bell profile including delaying the profile reaching
a peak value. Additionally, the pressure in the piston will still be below atmospheric pressure after 2 s
when the puff is terminated by closing the connection to the cigarette resulting in a reduction in the
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volume drawn through the cigarette. This consequence is also illustrated in ISO 3308:2000, Annex C.
Measured puff profiles are also shown in Figure 37 for a rotary smoking machine with the puff volume
set to 55 ml and the duration to 2 s. The profile is measured with zero flow resistance added at the
cigarette holder and with 3 kPa of additional flow resistance at the cigarette holder. Figure 37 shows
the same distortion in the flow profile as indicated in ISO 3308:2000, Annex C and indicates how the
volume will be reduced by the loss of the rear end of the puff after the set 2 s puff duration.

Table 14 — Puff volume and peak flow checks on a rotary smoking machine using a 3 kPa

resistor
Set volume Measured volume Reduction Reduction Time topeak flow
ml ml ml % S
35 33,6 1,4 4,0 1,1(
55 51,8 3,2 5,8 1,17
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Figure 37 — Ruff profile measurements on a rotary smoking machine with the volume
set to 55 ml and the duration to 2 s (A.31)

ISO 3308:2000 sets limits for the permissible reduction in puff volume due to a specified increase in the
flow resistance atthe cigarette notder as welt as HImtng the movement of the position of the maximum

flow rate from the midpoint of the puff.

Under ISO 3308:2000, Clause 4,

Subclause 4.3 requires that “The standard puff volume measured in series with a pressure drop device of
1 kPa + 5 % shall be (35,0 # 0,3) ml In one puff duration not less than 95 % of the puff volume shall leave the
butt end of the cigarette.”

And,

Subclause 4.5 requires that “The puff profile shall be measured with an impedance of 1 kPa + 5 % as
specified in 4.3. It shall be bell-shaped with a maximum between 0,8 s and 1,2 s from the start of the puff.

60
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The increasing and decreasing parts of the profile shall not have more than one point of inflection each. The
maximum flow rate shall be between 25 ml/s and 30 ml/s (see Annex B). At no point shall the direction of
flow be reversed.”

Under ISO 3308:2000, 5.3 Reliability and compensation,

Subclause 5.3.3 requires that “The machine shall be capable of sufficient compensation (see 3.18). When
the machine has initially been set to give a puff volume of 35 ml without a pressure drop device, a reduction
of no more than 1,5 ml shall be observed when the machine is tested with a pressure drop device of 3 kPa.”

smmmmmmwle checks
fQr compliance with ISO 3308:2000 are carried out by the manufacturers of the smoking mac¢hjines. It is

npt possible to determine if alternative smoking regimes to the ISO regime comply with-ISO 3308:2000
because the checks in ISO 3308:2000 are specific to the ISO smoking regime. It is, however,| possible
to assess the reduction in puff volume and displacement of the position of the maximum flpw using
similar procedures, and such measurements have been carried out (A.31).

The procedure in ISO 3308:2000, 5.3.3 was used to measure the puff volume'drawn over a twjo second
period with a flow resistance of 3 kPa (measured at a flow of 17,5 ml/s) fa-front of the puff generator
and the volume set to be 35 ml or 55 ml without the flow resistor. The.tneasurements in Table] 14 show
that the reduction in puff volume increases from 4 % at 35 ml to 5,8-%-at 55 ml. While the reduction is
greater for the 55 ml puff volume, the increase is not sufficient to catise concern when considering its
pptential impact on the measurement of smoke yields. The measared times to the peak flow for the two
plff volumes in Table 14 are very similar and within the rangeépecified in ISO 3308:2000, 4.5,
T

he measurements in Table 14 are considered to be representative of smoking machines in geferal and
ndicate that they are capable of drawing a puff volume of up to 55 ml without serious distortipn to the
Lff profile. It should be noted, however, that whemwsmoking cigarettes, this conclusion appljes when
the flow resistance of the smoke trap is under 3 kPa and remains constant during puffing. The $tandard
CFP for trapping smoke particulates is cut frofm a material providing low flow resistance anld is held
inn the CFH which is designed to provide angverall low flow resistance in combination with|the CFP.
hen using liquid traps, the design specification should include the requirement to minimize|the flow
r¢sistance of the trap and avoid distortien of the puff profile. Masonl11] also considered thege issues
ppinting out that a single tube liquid.trap grossly distorted the puff profile whereas the use of a|sintered
djsc largely prevented such distortion by breaking up the smoke flow through the liquid int¢ smaller
elements. He also warned that the use of a sintered disc could greatly increase the flow resigtance of
the trap which in turn would produce a tail on the puff profile, as shown in Figure 37, and so rgduce the
plff volume when this was eut off at the end of the 2 s puff.

= =

Overall summary

This part of ISO/TR 19478 covers a number of independent studies dealing with a range pf issues
apsociated-with using smoking regimes of a much greater intensity than specified in ISO 33j08:2000.
hen thevconclusions from these independent studies are combined, they provide a| general
uhderstanding of the limitations of using procedures and equipment specified in the current ISO
standards for cigarette smoking with intense smoking regimes. The clauses of this part of ISO/TR 19478
previdingthe-detailed-discussionsleadingto-the processes-deseribed-below-areindicatedinbrackets.

The temperature of the smoke passing out of a cigarette is dependent upon the smoking intensity and
increases as the puff volume and puff frequency are increased (5.3). The SVD of water is extremely
sensitive to changes in temperature and increases rapidly with the temperature (5.4). This enables the
smoke vapour phase from an intense smoking regime to carry a much increased quantity of water until
it cools in the collection system and the water condenses onto available surfaces (5.5).

The Cambridge filter pad, and the associated Cambridge filter holder, is specified (ISO 3308:2000)
for the sole purpose of collecting smoke TPM as particulate material and does this efficiently for the
ISO smoking regime. Its use with the HCI regime is compromised by the greatly increased SVD which
requires the trapping of a much increased level of smoke vapour phase water for which liquid traps are
more suited.
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