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ABSTRACT

NaY zeolites were added into cut tobacco and filter tip of a commercial brand of cigarettes substitute for activated
carbon. Cigarettes with NaY zeolite were prepared and smoked in a smoking machine and the mainstream smoke
was collected. The effect of NaY zeolite was investigated on the release of benzo[ a] pyrene(B[a] P) and phenal in
flue-cured cigarette mainstream smoke. The results showed that the removal efficiency of NaY zeolite added into cut
tobacco was clearly higher than that added into filter tip for reducing B[a] P and phenol in cigarette mainstream
smoke.
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INTRODUCTION

Zeolites are the inorganic porous aluminosilicatgarials with unique and regular crystal structiiach category
of zeolites have nano channels with specific shajae,and large specific surface area[1].For mgmg of zeolites,
there are strong acid sites on their surface agg l@oulomb field and polarity inside the crystdtites. Therefore,
they show unique shape-selective catalytic funstiand strong adsorption-separation performancest8otes can
be separated according to the difference in modecsthape, diameter, polarity level, boiling pointdasaturation
extent et al. Furthermore, Being cheap, noncomibestind harmless to human body, zeolites have beed as
tobacco additives in harm reduction of smoking. &fg,3] described the treatment of tobacco withliieo
materials as additives for reducing toxic composémttobacco smoke. Cvetkovic et al.[4] used algsttdbased on
Cu-ZSM-5 zeolite in order to reduce the amount @ Bnd NOx in mainstream cigarette smoke. Xu ebl.[
reported that zeolites were added into filter tipd@ectly into tobacco in order to catalyticallggtade tobacco
specific nitrosamines (TSNASs) in mainstream smokieey considered that zeolites were activated irareige
burning zone and catalytic activity was generatdtle the taste of cigarettes was hardly changed.

Moreover, it was reported in some articles thatitmowhich were added into tobacco or filter tgutd selectively
eliminate other harmful components such as B[afPE8NAS in mainstream or side stream smoke[6-9jwéler,
most of these studies devoted to removing onlyrarenful ingredient, few studies focused on thecatftd zeolite
on removing B[a]P and phenol in mainstream smokaisaneously. To our knowledge, there are no repamtthe
influence of different adding mode of zeolites atlder factors except zeolite aperture for removiagnful compo-
nents. Therefore, the typical NaY zeolites wereael in this paper and added into cut tobaccadlter fip. The
removal efficiency on B[a]P and phenol in mainstneaigarette smoke was investigated and the elinoinat
mechanism of zeolites was analyzed as well.
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EXPERIMENTAL SECTION

2.1Apparatus

Electronic balance (Mettler Toledo, Switzerland)jllMQ ultrapure water meter (Millipore, France);imature
cigarette maker(Gizeh, Germany); cambridge fitteldmm, Whatmann, England); KQ3200E ultrasonic cleane
(Kunshan Ultrasonic Instrument Co., China); Sep-Bdica (50mg) solid phase extraction column (Seg-Bi,
Waters, U.S.);automated solid-phase extraction cgev(GX-274,Gilson, France);gas chromatography-mass
spectrometer instrument(6890N-5973, Agilent, U.Bigh performance liquid chromatography instrum@®1100,
Agilent, U.S.).

2.2 Reagents and chemicals

Methanol(HPLC, Merck), hexamethylene(HPLC, Tediagetonitrilie(HPLC, Tedia), phenol(Tianjin Hengxing
Chemical Reagent Co., Ltd., China), B[a]P(pur@8.5%, Ehrenstorfer), B[a]P+Epurity 99%, Ehrenstorfer),
Glacial acetic acid(AR, Sinopharm Chemical Reagamt Ltd, China), NaY zeolite(Nankai catalyst Fagt@hina),
Flue-cured cut tobacco, finished cigarette of @cedamestic brand (commercially available).

2.3 Cigarette Sample Preparation

Sample 1:The manufactured cigarettes were Seleatedrding to the standard GB/T5606.1- 2004, therfiiips
were drawn out and cut off from the middle; theffiedent mass (10, 20, 30, 40mg) of NaY zeolite ipke$(20 to 40
mesh) were added into filter tip respectively aighrettes without adding zeolite were as controigas.

Sample 2: Several copies of cut tobacco with theesaeight (0.75 + 0.01) g were weighed accurataln NaY
zeolite was added into cut tobacco according tovéght (1%, 2%, 3%, 4%, 5% ) respectively. Theyenstirred
evenly. Both the cut tobacco with zeolite and withaeolite was rolled into finished cigarette byang of a
miniature cigarette maker.

The above finished sample 1 and sample 2 werenputi constant temperature and constant humidityfdro48 h,
with temperature of 22 +°@ and relative humidity of 60 + 2%.Select the sammpdecording to each group of
cigarette with the average weight (£ 0.02 g) ardatherage draw resistance( = 50 mpOH

2.4 Sample treatment and analysis

Cigarette samples after equilibrium were aspiraaedording to the standard GB/T 16450-2004, aftet, tthe
cambridge filter on the smoking machine was takemrd and the contents of B[a]P and phenol from total
particulate matter of mainstream smoke were dededBe detection conditions of B[a]P and phenol wasthe
basis of GB/T21130-2007 and industry standardsectsely.

RESULTS AND DISCUSSION

3.1The effects of NaY zeolite added into filter tipn removing B[a]P and phenol

Physical parameters and conventional parameteiessbtigarettes with NaY zeolite added into filtiprwas shown
in Table 1.1t was observed that the average waiftite test cigarettes increases with the increéselding amount
of NaY zeolite and the average weight of the ciiasewas with the increase of adding amount of dadlite and
the average weight of the cigarettes was gainingia®.03 g when the weight of NaY zeolite was 40 @gmpared
with the blank sample(without adding NaY zeolitegse were little change for average draw resistanoeng each
sample when different amount of NaY zeolite wasealddt indicated that the addition of NaY zeolit@rticles in
cigarette had almost no effect on the average ptisorresistance. The total particulate matter (JRidcreased
first and then increased with the increasing amainNaY zeolite. TPM decreased by 1.38 mg/cig astrin
contrast with control samples.

Table 1.Physical and conventional gas parameters tdst cigarettes with NaY zeolite added in filterip

Mass of NaY Average weight Average draw resistance TPM

zeolite / (mg) (g/cig.) (mmH,O/cig.) (mg/cig)
0 0.894 114.2 14.48
10 0.912 114.9 14.18
20 0.914 114.2 13.13
30 0.919 114.0 13.10
40 0.923 114.2 13.26

Fig.1 indicated the removal efficiencies of diffisremount of NaY zeolite in filter tip for B[a]P dmphenol. From
the figure we can see that the release of B[a]Pptediol in mainstream smoke was decreasing witlinttrease of
the amount of NaY zeolite added into filter tip.eTtelease of phenol was reduced about 2% by evemdlof NaY
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zeolite added and 4% for B[a]P. Nevertheless, lier reduction of B[a]P emissions, NaY zeolite did pooduce
superposition effect, that is, the release of B@dEreased by 6.8% when the amount of NaY zedalifidtér tip was
10 mg and 10.9% for 20 mg which was equal to 5.5%odor 10 mg. As the same rule, 19.4% for 40 nag equal
to about 4.8% for 10 mg. It may be related to thietact area of NaY zeolite when the smoke flewubfothe filter
tip.
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Fig.1 Removal efficiencies of NaY zeolite in filtetip for B[a]P and phenol in cigarette mainstream soke
3.2 The effects of NaY zeolite added into cut tobac on removing B[a]P and phenol
Average weight, average draw resistance and TPMnpeters of test cigarette with NaY zeolite addedtun
tobacco was shown in Table 2.

Table 2. Physical and conventional gas parameters st cigarette with NaY zeolite added in cut tobeco

Proportion of added Average Average draw TPM

NaY zeolite (%) weight (g/cig.) resistance (mmHO/cig.)  (mg/cig.)
0 0.947 96.2 18.10
1 0.954 96.8 17.25
2 0.963 103.2 16.99
3 0.971 105.4 15.74
4 0.977 111.3 15.84
5 0.984 113.2 17.58

As can be seen from table 2, the average weightaaachge adsorption resistance of cigarettes isetewith the
incremental amount of NaY zeolite. When the amafritlaY zeolite reached to 5% of the weight of amhdcco,
the average weight of cigarettes increased by @cigCompared with the blank sample, the averagevd
resistance increased with the increasing amouMaXf zeolite and increased by 17mp@Hwhen the amount of
NaY zeolite reached to 5% of the weight of cut tmm It may be due to the increase of the fillifmlity of
cigarette because of adding NaY zeolite. TPM dem@dirst and then increased along with the inerezsthe
amount of NaY zeolite added. When the weight of N&¥lite reached to 3% of cut tobacco, TPM deckbase
2.36mg/cig. compared with the control sample. Tglienomenon that TPM first decreased and then isedtes
probably related with burning rate of the cigarettBlaY zeolite can't burn but can absorb and comsineat
produced by burning cigarettes, which results m iticrease of puff number. The above speculatiG@isienore
experiments to prove it such as increasing therggainount of NaY zeolite from 6% to 10%.

As is shown in figure 2, with the increase of thmeoant of NaY zeolite in cut tobacco, the releas8[@]P and
phenol in mainstream smoke is decreasing. But wienmveight of NaY zeolite added was increased fiémof the
weight of cut tobacco to 5%, the release of B[aifel @henol in mainstream smoke increased insteats Th
phenomenon may be correlated with the excessiadfzeolite which can alter the burning rate ofacégtes.

As can be seen from Fig.1 and Fig.2, when 30mg k&otite(4% of the weight of cut tobacco) was adiheal filter
tip, the release of B[a]P and phenol in mainstreamoke decreased by 15% and 6.2% respectively c@apeith
the blank sample. When 30mg NaY zeolite was addéal ¢ut tobacco, the release of B[a]P and phenol in
mainstream smoke decreased by 27.6% and 16.3%.Wh&erg NaY zeolite(1% of the weight of cut tobacea)s
added into cut tobacco, the release of B[a]P amth@hin mainstream smoke decreased by 8% and J3éataeely.
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However, when 10mg NaY zeolite was added intorfilte, the release of B[a]P and phenol in mainstresmnoke
decreased by 6.8% and 2.3% respectively. When 228aY zeolite(3% of the weight of cut tobacco) veakled

into cut tobacco, the release of B[a]P and phemohainstream smoke decreased by 26.3% and 10.§%ctesly,

nevertheless, when 20mg NaY zeolite was addedilteotip, the release of B[a]P and phenol in nsiiaam smoke
decreased 10.6% and 4.2% respectively.
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Fig.2 Removal efficiencies of NaY zeolite for B[a]Bnd phenol in cigarette mainstream smoke

All of the above data showed that for B[a]P andrmahethe removal efficiency of NaY zeolite addedoircut
tobacco was clearly higher than that added interftip when the amount of NaY zeolite was almagiad. There
are mainly two reasons as follows

Firstly,B[a]P in cigarette mainstream smoke is mpound which is formed through the pyrolysis, htghiperature
synthesis and a variety of primary hydro- carbatiaa reaction of terpene wax, sugar, celluloseinamacids and
so on, while phenol is produced by thermal pyralyand high-temperature synthesis of tobacco sugads
polyphenols (rutin, chlorogenic acid, etc) duringaking[10]. Therefore, the intermediates for formiB[a]P and
phenol in cigarette smoke may be adsorbed by Natiteeadded in cut tobacco[11],which leads to rédgdhe
amount of intermediates to form B[a]P and phenoit$esults in reducing the release of B[a]P aneruih.

Secondly, NaY zeolite has excellent adsorption beeaf its particular spatial structure. It alss Bhape-selective
catalysis according to the molecular size, shaptjration etc. The reason why NaY zeolite in cltattro can
remove B[a]P and phenol in mainstream smoke igusttdue to its adsorption. Zeolite inside the Ingrcigarette

is activated (activation temperature of NaY zeolge700C,while the internal temperature of cigarette in the
combustion process is up to 900As a result, burning cigarette can make zeolitévaied.),thus possesses high
catalytic activity and it can involve in the forrimt of harmful substances and catalytically decosepthe adsorbed
molecules and the intermediates inside the NaYiteeiolto other substances, thus the contents offfBdad phenol

in cigarette mainstream smoke are reduced. How&l&Y, zeolite added into filter tip can not be aatad because
the temperature of filter tip is lower than I0@uring smoking, so NaY zeolite can not involve lie formation of
harmful substances, but mainly depends on its atlsarto remove them.

CONCLUSION

NaY zeolites added into either filter tip or cub&mco can both effectively remove B[a]P and phémdaligarette
mainstream smoke. Since NaY zeolite added intdahsdcco is activated inside the burning cigaréttppssesses
catalytic activity and can involve in the formatioh harmful substances. Consequently, for B[a]P pinenol, the
removal efficiency of NaY zeolite added into cubaaco is superior to that added into filter tip.
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