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Evaluation of a cigarette holder for use in
analytical smoking machines

M. HISSINK and R. BOSMAN
TNO, Division of Technology for Society, Apeldoorn/Delfi, The Netherlands

A cigarette holder that simulates the lips of a human smoker has been tested for use in mea-
surements of yields of tar, nicotine, and carbon monoxide. In this study, we tested five different
brands of cigarettes that ranged in tar yield from 1 to 15 mg per cigarette. The dependence of
the yields and ventilation rates on insertion depth and pressure exerted on the mouthpiece of

the cigarette were investigated.

In-many countries, cigarette brands sold to the public
are ranked according to their yields of tar', nicotine, and
carbon monoxide. The yiclds are measured by testing the
cigarettes on a smoking machinc. Because the results have
been found to vary according to the experimental proce-
dure followed, much effort has been spent to standardize
the measurement method. The essential details were laid
down in publications by Pillsbury, Bright, O’Connor, and
Irish (1969) in the United States and by the Centre de
Coopération pour les Recherches Scientifiques Rélatives

au Tabac (1969) in Europe. Recently, the International:

Organization for Standardization (1986) and various na-
tional standardization organizations (e.g., Deutsches In-
stitut fiir Normung, 1978; Nederlands Normalisatie In-
stituut, 1982) have issued standards based on these original
publications.

Although the analytical methods differ slighdy from one
country to another, the estimates of yield thereby obtained
are gencrally consistent. These standard measurement
methods have been developed with full recognition that
human smokers differ widely with respect to their smok-
ing behavior and that an individual smoker will smoke
differently from day to day or even from cigarette to
cigarette. Several factors known to influence tar, nicotine,
and carbon monoxide delivery of cigarettes are the
smoker’s mood swings; frequency, duration, and volume
of the puffs; and the length of the butt. For the standard
analytical procedures, the following values are generally
chosen: one puff of 35 ml lasts 2 sec, once per minute,
and the butt length varies between 23 and 35 mm, depend-
ing on the type of cigarette smoked. These values are some-

what different from the averages found in the population:

of smokers; however, this fact detracts very little from the
significance of the brand rankings (Adams, 1966, 1976;
Creighton & Lewis, 1978; Rickert, Robinson, Young, Col-
lishaw, & Bray, 1983; Schulz & Sechofer, 1978).
Recently there has been increased interest in the
relevance of the data established by machine smoking ac-
cording to standard procedures. To what extent can the
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measured yiclds provide a smoker with a realistic esti-
mate of his/her individual intake? This issue was compli-
cated cven when nearly all cigarettes consumed were of
one type; however, since the introduction of filter
cigarettes and then of ventilated filters, the situation has
grown more and more complex. The choice of cigarette
brand depends to an increasing extent on the taste and
smoking habits of the consumer, and there are increased
possibilities for the smoker to influence the yield of the
cigarette (Adams, 1978; Benowitz & Jacob, 1984a; Gori,
1976; Gori & Lynch, 1983; Russell, Sutton, Iyer, Feyer-
abend, & Vesey, 1982; Schlotzhauer & Chortyk, 1983).
In this latter respect, blocking of the perforation holes by
a smoker’s fingers and the interaction between the ciga-
rette and the smoker’s lips have to be recognized as poten-
tially important variables (Benowitz & Jacob, 1984b;
Kozlowski, Frecker, Khouw, & Pope, 1980; Kozlowski,
Rickert, Pope, Robinson, & Frecker, 1982; Russell,
Jarvis, Feyerabend, & Saloojee, 1986).

The potential for interference of the smoker with the
ventilation system of the cigarette has induced the in-
dividuals responsible for official testing of cigarettes to
reconsider the testing methodology. Specifically, the
holder for the cigarette used in the standard smoking
procedure has received much attention, and a2 number of
modifications have been proposed (Federal Trade Com-
mission, 1985; International Organization for Standardi-
zation, 1983). Most of the modified holders have appar-
catly been designed to block the ventilation of certain types

of cigarettes; however, the Kamm holder, designed by
Kamm and Fine?, mimics the normal interaction between’

the smokeér’s lips and the cigarctte filter’

This paper describes experiments carried out in our
smoking laboratory to evaluate the Kamm holder (1985)
inistandardized smoking routines. The effects of various
parameters in the application of this holder were estab-
lished for five brands of cigarettes. The results can be
used to estimate effects on cigarette yields by the interac-
tion of a smoker’s lips with the cigarette filter. The in-
fluence of other factors, such as the difference between
smoking parameters for humans and those for machines,
are the subject of ongoing research.
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DESCRIPTION OF THE KAMM HOLDER

The body of the holder is machined from a cast acrylic
rod, and the complete holder (see Figure 1) consists of
four parts: the holder (housing), a collar for the connec-
tion of the holder to the filter holder, a silicone rubber
tube mounted in the holder, and a stainless steel tube for
the application of pressure to the holder.

The properties of the rubber tubing? (thickness, 0.3 mm;
tensile modulus, 80 psi at 100% elongation) are chosen

to optimize the simulation of human lips. Since the tub-

ing’s intemal diameter is matched to the external diameter
of the cigaretie, pressures applied to the chamber between
the silicone rubber tube and the housing are transmitted
to the cigarette without decrement. Insertion depth (the
depth to which the cigarette is inserted into th= holder)
can vary from 4 to 12 mm, the total depth of the holder.

To asscmble the holder, the silicone rubber sleeve is
inserted through the Plexiglas housing; a conical mold (sce
Figure 1) cnsures correct and reproducible assembly. The
two ends of the slecve are folded back, and the position
is secured by placing two O-rings in the grooves. Assem-
bly is completed by inserting the holder with tubing into
the collar. A filter holder (Gelman Instrument Co., Ann
Arbor, M1 48106) is inserted into the other end of the
collar.

TEST

Determination of Tar, Nicotine,
and Carbon Monoxide

A Filtrona 302 (Filtrona Instruments & Automation
Lid., Bletchley Milton Keynes, England) smoking ma-
chine was used for the regulation of the deliveries. A
manifold was constructed to apply pressure or vacuum

Figure L. Enlarged view of Kamm holder with mold and Gelman
filter: (1) housing, (2) stainless steel pressure tube, (3) annular
grooves, (4) O-ring seals, (5) silicone rubber lining, (6) collar,
(7) Gelman filter holder, and (8) conical mold.
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anml.Khdeu‘inshlledonﬁlﬁmSﬂlnmkingmhim.
Pressures: Left port, 85 mm Hg; right port, ¢ mm Hg.

F‘lgurthamﬁaholderWﬂWO—mimerﬁocdepth);
Pressures: left port, 35 mm Hg; right port, 0 mm Hg.

to the Kamm holders, as shown in Figure 2. The holder
mounted on the smoking port on the left shows the defor-
mation of the rubber sleeve due to the applied pressure
on the holder. Adapters were machined from acrylic rod
to allow the mounting of the Gelman filter holders into
the smoking ports. The pressure applied to the Kamm
holders at the eight smoking ports was recorded on 2
manometer. The smoking routine followed the Dutch stan-
dard NEN 3382 (Nederlands Normalisatie Instituut, 1982;
technically equivalent to ISO Draft Proposal 4387 by the
International Organization for Standardization, 1986).
Figure 3 shows two Kamm holders with cigarettes in-
serted to a depth of 9 mm. The application of a moderate
pressure to the holder on the Ieft causes a partial obstruc-
tion of the exit of the cigarette filter by the rubber sleeve.
Cigarettes were inserted to the chosen depth, and the
required pressure was applied to the manifold. The in-
sertion of the cigarettes-is facilitated by the application
of a low vacuum. During the test, we found that the use
of the Kamm holder does not interfere with the normal
operation of the smoking machine. In fact, we have found
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Figure 4. Equipment for ventilation rate measurement.

that the Kamm holder has some practical advantages over
the normal holder with a labyrinth seal. For instance,
when smoking is carried out with larger puff volumes
and/or shorter puff durations than prescribed in the stan-
dard, the Kamm holder shows better resistance to leak-
age. The yields of tar, nicotine, and carbon monoxide
were determined by smoking 10 cigarettes per filter. At
each test condition, measurements were made six times;
the averages are reported in the tables (in some cases, 20
replicate measurements were made).

The measurement of ventilation rates® of cigarettes
mounted in a Kamm holder was carried out using the
equipment illustrated in Figure 4. A constant airflow of
17.5 ml/sec was applied to the butt end of the cigarette
with the aid of a constant delivery pump. The airflow en-
tering the cigarette via the ventilated filter was measured
with a mass flowmeter (Thermo Systems Inc., Series
2230) and a linearizer (Thermo Systems Inc., Model 67).°

The same flowmeter was used for regular checks of the
pump delivery. The results reported are averages calcu-
lated for 20 cigareties. Measurements with different pres-
sure/insertion adjustments were carried out on the same
cigarette sample. This procedure was validated in a
preliminary study.

In our experiments, five brands of cigarettes were used
(sec Table 1). Threc brands (Marlboro, Peter Stuyvesant
Extra Mild, and Peter Stuyvesant Ultra Mild) had a nor-
mal design for the ventilated filter; Barclay and St. Moritz
Special were provided with a so-called channel-ventilated
type of filter. Before the tests the cigarettes were condi-
tioned for at least 48 h (22°C, 65% relative humidity).

Results and Discussion

In Table 2, ventilation rates and deliveries of tar, nico-
tine, and carbon monoxide are given for the five brands
of cigarettes. . Insertion depths in the holder were adjusted

Table 1
Description of Cigarette Samples

Imprint on Mecasured According
Package to NEN 3382+

Brand Name Tart Nicotinet Tart Nicotine t Filter Veatilation
Mariboro 16 1.1 14.5. 0.87 Low:
Peter Stwyvesant 5 0.4 4.3 0.33 Medium

Extra Mild
Peter Stuyvesant 1 0.1 1.5 0.12 High

Ulira Mild
Barclay KS t 0.2 08 0.07 High; 4 Channcls
St.. Moriz 2 0.2 2.1 0.16 High; 23 Channecls

Special

*NEN 3382 is the Duich standard established in' 1982 by the Nedérlands Normalisatic In:

stituug:

http://legacy.library.ucsf.edu/tid/zef24e00/pdf

tMeasured in milligrams per cigarette.
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with the standard procedure (NEN 3382 with a cigarette
holder having a labyrinth seal). For the three brands with
normal ventilated filters, the Kamm holder produces vir-

* tually the same résults as did the standard procedure, in-

dependent of the insertion depth and the applied pressure.
For the two brands with ventilation channels, the yields
of tar, nicotine, and carbon monoxide are significantly
higher in a number of cases. Also, lower ventilation rates
are found. The effects are most pronounced when low in-
sertion depths are combined with high pressure, due to
the partial obstruction or deformation of the ventilation
channels (see Figure 3).

The reproducibility of the results obtained with: the
Kamm holder was investigated with regard to yields of
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p Table 2
.“ ] o B o o I_)fli:eﬂes and Ventilation Rates for Five Brands of Cigarettes' o e
: Deliveries (in mglcigﬂlf.)__ . Ventifation Rate*
3 Insertion Depth Pressurc Tar Nicotine co . _ din Percent)
é - Bram!r o _(w) o _(f[nl_nnu Heg) Mean SN Mcan SD Mcun SO Mcan SO
H Marlboro 4 0 149  0.67 088 0038 12.1 0.94 16.6 33
H 4 8s 145 0312 0.86  0.012 12.0 a.57 18.7 2.7
1 9 0 146 024 0.86  0.0% 120 056 16.1 2.8
¢ 9 RS 14.6 0.58 0.87 0.037 12.0 0.} 16.8 2.7
; 9t L 14.6 046. 0.87 0.033 11.5 0.78 19.0 1.9
s Peter Stuyvesant 4 0 48 022 0M 0017 46 030 49.4 3.2
3 Extra Mild 4 &8s 49 013 03¢  0.009 5.0 0.21 49.1 3.1
: 9 0 49 020 035 0013 5.0 0.37 47.9 4.0
9 85 50 0.8 035  0.008 48 0.18 47.8 4.0
9t L 43 039 033 0028 4.0 035 49.6 3.7
Peter Stuyvesant 4 0 1.7 0.16 0.13 0.016 L9 0.06 68.4 2.5
Ulira Mild 4 85 1.7 013 0.13  0.006 1.9 0.05 67.6 2.3
: 9: 0 1.6 016 012 0011 1.8 0.22 67.7 2.4
: 9 8s 1.5 03 0.13.  0.010 1.6 0.18 67.7 2.4
, 9t L 15, 045 012 0.007 L6 020  69.6 3
. Barclay KS 4 0 100 0.16 009 0013 0.9 0.17 81.2 4.0
\ ) 4 85 25 042 0.42 0.048 2.8 0.58 65.2 10.3
4 9 0 11 025 008  0.013 1.0 0.15 81.0 3.0
9 85 12 026 01k  0.032 19 0.61 78.3 28
9t L 09 0.19 0.08 0.022 0.7 0.25 81.2 34
) St. Moritz 4 0 2.1 0.16 0.15 0.011 14 0.19 71.3 33
3 Special 4 85 25 0.13 0.19 0.008 19 0.04 68.0 29
.i 9 0 2.0 0.12 0.16 0.025 14 0.16 68.9 29
% 9 85 2.1 0.15 017 . 0.009 L7 0:22 68.3 2.8
i 9t L 24 017 016 0012 11005 Ti.t 2.2
hi Note—SD = standard deviation (10 cigarettes smoked on cach of 6 filters). L = fabyrinth holder.  *Ventilation rate measured on samplc of
* 20 cigarcttes.  $NEN 3382 method.
at 4 and 9 mm, and the applied pressure at 0 and measurements of the ventilation rates. Although the mean _
1 85 mm Hg. For comparison, we provide results obtained results show a high on the conditions of use
| g pariso p

for the holder, the reproducibility is quite satisfactory,
cven when the measurements are repeated with the same
cigarette under different conditions. This indicates that
the cigarettes suffer negligible irreversible deformation
in the Kamm holder.

A more detailed study of the influence of applied pres-

sure and insertion depth was performed with the Barclay
cigarette. A level of 8 mm was chosen for the insertion
depth, because this depth is standard in the FTC method

Table 3
Reproducibility of Measured Yields
Deliveries (in mg/cigaretic)

: Tar Nicotine
. o Insertion Pressure
tar and nicotine adr:d lventdauor; ralc.lfgf two brands .(:; Brand (inmm) (nmmHg) Mean SD Mean SD
cngarctt. es (one with a low lrat-c of ventilation and one wi Barclay KS 9 0 093 012 007 o003
a high rate of channel ventilation). The results for the 9 35 1.04 016 .007 0016
measurements of tar and nicotine are given in Table 3. 9e L 099 028 008 0017
To ob(:m! estimates of the reliability of the results, a 20- Mariboro 9 o 1345 077 078 0.038
fold replication was used for cach measurement. The 9 15 1275 0.50 078 0.032
results show that the means are concordant in all cases, 9 L 1292 0.74 Q.79 0.038

and the reproducibility of measurements obtained with the
Kamm holder tends to surpass that obtained with: a
labyrinth holder. In Table 4, the results are given for the

http://legacy.library.ucsf.edu/tid/zef24e00/pdf

Note—For each mcasurement, 10 cigaretics were smoked on cach of
20 filters. SD = standard deviation. L = labyrinth holder.. *NEN
3382 method.
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Table 4
Reproducibility of Measured Ventilation Rates
Inscrtion

Test Depth Pressure Ist Measurement 2nd Mcasurcment
Brand No. (inmm): (in mm Hg) Mean SO Mcan D

Barclay KS 1 9 ] 81.0 3.0
2 9 35 78.8 22 806 30
3 9 85 783 2.8 78.6 4.0
4 4 [} 81.2 40 815 25
s 4 35 9.0 38 786 37
6 4 85 .. 65.2 10.3 68.5 8.6

7 9 L 812 34

8¢ 4 L 80.6 3.7

Mariboro 1 9 0 18.7 2.7
2 9 35 18.2 2.4 18.4 28
3 9 85 16.1 2.8 18.6 2.7
4 4 V] 16.6 33 17:2 2.6
p] 4 35 16.2 2.2 17.2 2.7
6 4 85 168 2.7 17.0 27

7 9 L 19.0 1.9

8 4 L 19.7 23

deviation. L = labyrinth holder.

used in the United States. The results are in fair agree-
ment with those reported in Table 2, taking into account
that a different lot of Barclay cigarettes was used.
The influence of pressure and insertion depth on the
yield of tar is illustrated in Figures 5 and 6. From thesc
graphs, it is apparent that up to a pressure of 50 mm Hg,
there is relatively little effect; the same is true for inser-
tion depths of 8 mm and over. It is' worthy of note that
the average lip pressure in human smokers is about
35 mm Hg (Kamm, 1985), whereas the average insertion
depth is-around 10-11 mm (U. Haevecker, personal com-

L0

TAR
mg/cig

BARCLAY: KS

30+

20

Note—All reponied resuits are means of 20 replications, in percent ventilation rate. SD = standard
*NEN 3382 method.

munication, December 28, 1984). Asignificant increase
of the yicld is established only for combinations of 16w

Wh@lwm occurrence of thesé
combinations is relatively rare in human smoking, even
when one takes into account that pressures much higher
and insertion depths much lower than average have been
observed. Also, in addition to the effects examined in this
study, other aspects of smoking behavior are important.
Examples are the obstruction of the ventilation holes by,
the smoker with his/her fingers, increase in volume and
frequency of puffs, and deeper inhalation. Therefore, fur-

Insertion ”

e~ iwe

Lam a
- - 4 .
Lee Veilo [ v’:((/

bmm ‘f‘r‘/ﬁf N

el Uir e
8mm

—C  1imm

Figure S. Influence of applied pressure on tar yield.
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ther research needs to address the question of the sig-
nificance of the results of machine smoking in evaluating
the intake of smoke components during human smoking.
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NOTES

L. In this paper, we use the tem far to mean **particulate matter,
water and nicotine free’” (PMWNE), as it is customarily defined in var-
ious standards.

2. United States Patent 4,627,448, December 9, 1986—Tobacco
smoke article holder and method therefor. The halder was designed by

Kamm and Finc, but it has beconke custoniacy to use the name Kumm
holder. In this paper, we follow this usage.
3. Manufactured by Bivona Surgical Instruments, Inc.. Gary, IN.
4. Ventilation rate can be defined as the ratio of the air introduced
in the filter section of the cigarette t the total puff volume. The meas-
urcment is usually carried out at a constant flow rate of 17.5 ml/scc.
5. Thermo Systerns, Inc., St. Paul, MN.

(Manuscript reccived December 10, 1985,
revision accepted for publication September 26, 1986.)

NOTICE

11th European Conference on Visual Perception
August 31-September 3, 1988

The 11th European Conference on Visual Perception will take place in Bristol, England from
August 31 to September 3, 1988. The meeting covers psychophysical, physiological, and com-
putational studies of the processes of visual perception relevant to human vision, including clinical
and applied research of general scientific interest. A symposium on strategies in computer vision
is planned to be included in the program, as are informal evening workshops.

Further information can be obtained from: Dr. Tom Troscianko, Iith ECVP, Brain and Per-
ception Laboratory, The Medical School, University of Bristol, University Walk, Bristol BS8 ITD,
England. The latest submission date for abstracts (for oral or poster presentation, and demonstra-

tion of equipment) is' February 29, 1988.
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