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Evaluation of a cigarette holder for use in
analytical smoking machines
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A cigarette holder that simulates the lips Qf a human smoker has been tested for use in mea-
surements of yields of tar, nicotine, and carboa monoxide . ln 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 .

l

In many countries, cigarette brands sold to the public
are ranked according to their yields of tar', nicotine, and
carbon monoxide. The yields are measured by testing the
cigarettes on a smoking machine . 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 wertlaid
down in publications by Pillsbury, Bright, O'Connor, and
Irish (1969) in the United States and by the Centre de
CoopEration pour ks Recherches Scientifiques Rdlatives
au Tabac (1969) in Europe. Recently, the Internationall
Organization for Standardization (1986) and various na-
tional standardization organizations (e .g., Deutsches In-
stitut f-itr Normung, 1978 ; Nederlands Normalisatie In-
stituut, 1982) have issued standards based on these original
publications .

Although the analytical methods differ slightly from one
country to another, the estimates of yield thereby obtained
are generally 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 nil 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, 1',978 ; Rickert, Robinson, Young, Col-
lishaw; & Bray, 1983 ; Schulz & Seehofer, 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

Reprint requests should be sent to the authors at : TNO . Division of
Tochnology for Society, P .O. 13ox 342 .7300 AW Apcldocxn, Apcldiwtn,
The Netherlands.

Copyright 1987' Psychonomic Socicty ; Inc :

measured yields provide a smoker with a realistic esti-
mate of his/her individual intake? This issue was compli-
cated even when nearly all cigarettes eonsunted' 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 & Jaeob,1984a ; Gori, ~/
1976; Gori & Lynch, 1983 ; Russell, Sutton, Iycr, 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 miethodology . Specifically, the
holder for the cigarette used in the stand'ard smoking
procedure has received much attention„and a number of
modifications have been proposed (Federal Trade Com-
mission, 1985; International Organization for Standardi-
zation, 1983) . Most of the modified holders have appar-
ently been designed to block the ventilation of certain types
of cigarettes; however, the Kamm holder, designed by
Kamm and FineZ, mimics the normal interaction between
tite'smoker's lips and tfie'cigarette filter:;

This paper describes experiments carried out in our
smoking laboratory to evaluate the Kamm holder (1985)
in ~ standardized 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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CIGARETTE HOLDER FOR ANALYTICAL SMOKING MACHINES

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 ththolder, and a stainless steel tube for
the application of pressure to the holder .

The properties of the rubber tubing3 (thickness, 0.3 mm;
tensile modulus, 80 psi at 100% elongation) are chosen
:o optitreze the simulation of human lips. Since the tub-
ing's internal diameter is matched to the external diameter
of the cigarette, 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 the holder)
can vary from 4 to 12 mm, the total depth of the holder .

To assemble the holder, the silicone rubber sleeve is
inserted through the Plexiglas housing; a conical mold (see
Figure 1) ensures correct and reproducible assembly . The
two ends of the sleeve 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, Ml 48106) is inserted into the other end of the
collar.

TEST

Determiaation of Tar, Nicotine,
and Carbon Monoxide

A F'iltrona 302 (F'ihrona Instnmtettts & Automation
Ltd., Bletchley Milton Keynes, England) smoking ma-
chine was used for the regulation of the deliveries. A
manifold was constructed to apply pressure or vacuum

s

16

s

Figure t . Enlarged de.w of tCamm 6otder with mold and' Gdman
fdter: (1) hoasing, (2) staiateas sed preaure tube, (3) annular
grooves, (4) 0-ring snts . (6) eineeoe rubber Gnteg, (6) collar,
(7) Gdm.n filter holder, and (8) conipt mold .
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Figure 2. t(artun holder imia0ed on FSltran.302 s.noking machine.
Pressures: Left pmt, 8S mm Hg; right port, 0 mm Hg.

Irigurc 3. ICamm bolder with ¢igarettes (9-mm ia9ertion depth) .
Prasutrs: kft pott. 35 mm Hg; right port, 0 mm Hg.

to the Kamm holders, as shown in Figure 2. Tlte holder
mounted on the smoking port on the left shows the defor-
mation of the rubber sleeve due to the applied pressuree
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 a
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 left 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. Eqpipment for ventt7ation rate mantitrement.

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 lrzk-
age_ The yields of tar, nicotine, and cartion monoxide
were determined by smoking 10 cigarettes per filter. At
each test condition, measuretnettt .c 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 nillsec 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) .s

The same flowmeter was used for regular checks of the
pump delivery. The results reported are averages calcu-
lated for 20 cigarettes. 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 brand's of cigarettes were used
(see Table 1) . Three 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 I
Description of Cigarette Samples

Imprint on
Package

Measured Accordingg
to NEN 3382'

Brand Na= Tart Nicotinet Tart NicotineY Filter Ventilation

Marlboro 16 1 .1 14 .5 0.87 t.ow
Peter Stuyvesant
Extra Mild

5 0 .4 4 .3 0.33 Medium

Pctcr Stuyvesant
Ultra Mild

1 0 .1 1 .5 0.12 High

Barclay KS 1 0.2 0 :8' 0.07 High; 4 Channels
St . Moritz

$pecial
2 0.2 2 .1 0.16 High; 23 Channels

'NEN 3382 is the Dutch standard established in 1982 hy the Nedcrlands Normalisatie In-
stituut : 1Measured in milligrams per cigarette .
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Table 2
I)rliveriec and Ventilation Rates for Irve Brands of ( :iRarrttex

1)elivcries (in mgJcigardtc) Vcmilatii n Ratc•
Inccrtium Ikpth Prcxwrc Tar Nicaine --__ _CO (in Percenq_

(in mm) (in nmt Hg) Mean Sl) Mean SD Mean Sl) Mean SD
4 0 14 .9 0.67 0.88 0.038 12 .1 0.94 16 .6 3 .3
4 BS 14 .5 0.32 0 .86 0.012 12 .0 0.57 18 .7 2 .7
9 0 14 .6 0.24 0 .86 0.030 12.0 0.56 16 .1 2 .8
9 8,5 14 .6 0.58 0 .87 0.037 12.0 0.34 16 .8 2 .7
9t L 14 .6 0.46 . 0 .87 0.033 11 .5 0.78 19 .0 1 .9

0.22' 0 .34 0.017 ' 4.6 0.30 49 .4, 3 .2
0.13 0 .34 0.009 5.0 0.21 49 .1 3 .1
0.20 0 .35 0.013 5.0 0.37 47 .9 4 .0
0.18 0 .35 0.008 4.8 0.18 47 .8 4 .0
0.39 0 .33 0.028 4.0 0.35 49 .6 3 .7

4 0 1 .7 0 .16 0 .13 0.016 1 .9 0.06 68 .4 : 2 .5
4 85 1 .7 0 .13 0 .13 0 .006 1 .9 0.05 67 .6 2 .3
9' 0 1 .6 0 .16 0 .12 0 .011 1 .8 0 .22 67 .7' 2 .4
9 85 1 .5 0.31 0 .13 0 .010 1_6 0 .18 67 .7 2 .4
9t L 1 .5 0 .15 0 .12 0 .007 1 .6 0.20 69 .6 3 .1
4 0 1 .0 0.16 0 .09 0.013 0.9 0 .17 81 .2 4 .0
4 85 2.5 0 .42 0 .42 0.048 2.8 0.58 65 .2 10 .3
9 0 1 .1 0 .25 0 .08 0 .013 1 .0 0 .15 81 .0 3 .0
9 85 1 .2 0.26 0.11 0 .032 1 .9 0.61 78,3 2 .8
9t L 0.9 0.19 0 .08 0 .022 0.7 0.25 81 .2 3 .4
4 0 2./ 0.16 0.15 0 :011' 1 .4 0.19 71 .3 3.3
4 85 2.5 0 .13 0.19 0 :008 1 .9 0.04 68 .0 2.9
9 0 2.0 0 .12 0.16 0 .025 1 .4 0.16 68 .9 2.9
9 85 2.1 0.15 0.17 0 :009 1 .7 0.22 68 .3 2 .8
9t L 2 .1 0.17 0.16 0 .012 1 .1 0.05 71 .1 2.2

Nooe-SD = standard deviation (10 agarenes amoked' on each of 6 filters). L= labyrinth holder. •Yentilation rate measured on sample of
20 cigarcttes. tNEN 3382 method.

at 4 and 9 mm, and the applied pressure at 0 and
85 mm Hg. For comparison, we provide results obtained
with the standard procedure (NEN 3382 with a cigarette
holder having a labyrtnth seal) . For the three brands with
normal ventilated filters, the Kamm holder produces vir-
tually the same results 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
tar and nicotine and ventilation rate for two brands of
cigarettes (one with a low rate of ventilation and one with
a high rate of channel' ventilation) . The results for the
measurements of tar and nicotine are given in Table 3 .
To obtain estimates of the reliability of the results, a 20-
fold replication was used for each measurement. The
results show that the means are concordant in all cases,
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

measurements of the ventilation rates . Although the tnean_ .
results show a high dependence on the conditions of use
for the holder, the reproducibility is quite satisfactory,
even 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(cigarcttc)

Insertion Pressure Tar Nicotine

Brand (in mm) (io mm Hg) Mean SD Mean SD

Barc(ay KS 9 0 0.93 0.12 0.07 0 .013
9 35 1.04, 0.16 0.07 0.016
9" L 0.99 0.28 0:08 0 .017

Marlboro 9 0 13.45 0.77 0.78 0 .038
9 35 12.75 0.50 0.78 0.032
9•' L 12.92 0.74 0:79 0 .038

Note-For each measurement, 10 cigarettes were smoked on each of
20 filters . SD = standard deviation . L = labyrinth holtler:, •NEN
3382 methnd.
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TaW 4
Reproducibility of Measarcd' Ventll.tioa Ral's

Test
1'naertion
Depth Pressure Iat Measurement 2nd Measurement

Brand No. (in nun), (in mm Hg) Mean SD Mean SD
Barclsy KS I 9 0 81 .0 3.0

2 9 35 79 .8 2.2 80.6 3 .0
3 9 85 78.3 2.8 78 .6 4 .0
4 4 0 81 .2 4.0 81 .5 2 .5
5 4 35 79.0 3.8 78 .6 3 .7
6 4 8'S, . 65 .2 10.3 68 :5 8 .6
7* 9 L 81 .2 3.4
8' 4 L 80.6 3.7

Marlboro 1 9 0 18:7 2,7
2 9 35 18.2 2.4 18 .4 2 .8
3 9 85 16.1 2 .8 18 .6 2 .7
4 4 0 116.6 3 .3 17 .2 2 .6
5 4 35 16.2 2 .2 17 .2 2 .7
6 4 85 16.8 2 .7 17 .0 2 .7
7• 9 L 19.0 1 .9
8• 4 L 19.7 2 .3'

)

)

Note-All reparbd results are mcans of 20 rcptialions . in peimM veniilation rate . SD = seandard
deviation_ L= labyrinth holdec. 'NEN 3382 medbod.

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 ot Barclay cigarettes was used .

The influence of pressure and insertion depth on the
yield of tar is illustrated in Figures 5 and 6 . From these
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-

munication, December 28, 1i984) . A_significant increase
of the yield is established only for combitiatibCss oflew

occurrence of these
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 obsttucxion of the ventilation holes by
the smoker with his/her fingers, increase in volume and
frequency of puffs, and deeper inhalation . Therefore, fur-

k
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rgure 6 . tnnuenr:e of insertion depth on t ar yield.1I

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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N/)TFti

I . In this Papcr, we use the trrro tar to mean "particulate matter,
water and nicotine frec" (pMWNF), as it is cusumnrily deftned ircvar-
ious standards .
2 . United States Patcm 4.627 .448 . December 9, II9g6-Tubacco

smokc article holder and mettk>,t therefex: The holder was designed by

Kamm and Fine, but it has htxY.mc cu.atwtuuy to use the name Kunun
haGler . In this paper, we f4dktw this usagc .
3. Manufactured by Bivuna Surgical Itstrumcnt., Inc . . Gary, IN .
4 . VetNilation rate can he definad as the ratio of the air introduced

in the filter section of the cigarette In the total puff vol'umc . The mcas .
uremcM is usually nrriod out at a constant flow rate of 17,5 mVsce .
5. Thermo Systems, Inc.,,St . Paul . MN .

(Manuscript received December 10. 1995.
rrevision accepted for publication Scptcmlicr 26 . 19g6 .)

NOTICE

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

The l lth 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, l Ith ECVP, Brain and Per-
ception Laboratory, The Medical School, University of Bristol, University Walk, Bristol BS8 1'TD,
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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