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Ashes (mg/cigarette) Trap TARS  (mg/cigarette) Filter TARS  (mg/cigarette)

Tobacco 86,940 6,386 6,220

Tobacco+Hbeta 82,598 5,696 5,020

Tobacco+HUSY 76,591 3,290 4,780

Tobacco+HZSM-5 85,215 4,158 5,020

CO2 CO
mg/cigarette mg/cigarette

Tobacco 30,052 6,691
Tobacco+Hbeta 21,693 4,434

Tobacco+HUSY 21,001 4,172
Tobacco+HZSM-5 23,091 5,117

LIQUIDS IN FILTER

LIQUIDS IN TRAP

MATERIALS AND METHODS.
In this study three commercial zeolites have been used, HUSY, HBeta and HZSM-5. 

HUSY is a zeolite with lower Si/Al ratios and larger pore size than Y zeolite and HZSM-5 zeolite,  the 
structure of the HUSY zeolite is characterized by large, essentially spherical, internal cavities  
(supercages) linked tetrahedrally through pore openings, defined by rings of 12 oxygen atoms (12- 
member rings or 12MR) [4]. The HZSM-5 zeolite is a ten member ring (10MR) zeolite system with a 
sinusoidal and circular channel system interconnected in its framework with pore opening sizes of 
5.3x5.6 Å and 5.1x5.5 Å and channel intersection sizes of 0.9 nm [5]. The HBeta zeolite is a kind of 
high silicon zeolite with 12-ring orifice and 3D pore structure [6]. 

To carry out the experiments, a smoking machine has been used, that operates according to ISO 3308 
[7].
The operating conditions are:

five cigarettes were smoked simultaneously
puff duration 2s
puff volume 35 ml
puff frequency 60 s

Cigarettes have been prepared by adding the zeolite directly to tobacco, in an amount of 4%, using 
ethanol to improve the mixing. Before smoking the cigarettes were conditioned in air at 23ºC and 60% 
relative humidity during 48h.

After the experiments  the gases and liquids have been analyzed. CO2 and CO by GC/TCD, the rest of 
gases and the condensable products by GC/MS .

Figure 1.- Smoking machine
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INTRODUCTION
The consequence of smoking cigarettes has been a global problem with serious effects on human health, and with significant impact on the public health departments. Cigarette smoke contains many toxic and carcinogenic compounds which are inhaled by active and 
passive smokers to that point that tobacco is the first major cause of death in the world. More than 4,000 individual compounds have been identified in tobacco and tobacco smoke [1]. Among these, about 60 compounds are toxic and carcinogens. Some of these 
compounds are tar, carbon monoxide, carbon dioxide, acetaldehyde, phenols, acetone, formaldehyde, benzene, toluene, and nicotine.
The smoking cigarette causes the appearance of two streams, the mainstream and the sidestream smoke. The mainstream smoke is the smoke inhaled and exhaled by smokers directly from tobacco products or mixture of gases passing down the tobacco rod and 
issuing through the filter end. This stream crosses the primary filter and it is exhaled by the smoker. For all this, it is of great interest to eliminate, or to reduce, the presence of some toxic substances in this stream. 
Several methods and/or additives have been proposed in order to reduce the toxicity of the tobacco smoke. Most of them involve materials different than zeolites or aluminosilicates, On the other hand, Cvetkovic et al. [2] use a new catalyst based in Cu-ZSM-5 zeolite in 
order to reduce the NO and NOx amount in the mainstream tobacco smoke. This catalyst can be added to the cigarette filter or directly mixed with tobacco, and the mechanism proposed is based in the properties of adsorption or diffusivity of the material. Meier [3] 
describes the use of zeolitic materials, natural and synthetic, as additives. Therefore different methods and additives have been suggested and studied with the purpose of reducing the toxicity of the tobacco smoke. In this work, the effect of different commercial zeolites 
(HZSM-5, HUSY and HBeta) on the composition of the tobacco smoke has been studied.

YIELDS OF ASHES, TRAP TARS AND FILTER TARS.

Table 1.- Results mass balance.

Table 2.- mg/cigarette of CO2 and CO

Figure 3.- Chromatogram of the gases

Table 3.- % reduction  some compounds 

Table 4.- % reduction  some compounds

The condensable products collected from the cigarette filters and traps, once 
extracted with isopropanol, were and analyzed by GC/MS.

Compounds analyzed presented high  toxicity for active and passive  
smokers.

CONCLUSIONS

The use of zeolites reduces the tars retained in the filter and trap in order of 49% for zeolite HUSY and 11% for 
zeolite HBeta.
The reduction of CO is in order of  24-38%, the zeolite HUSY is the more effective.
The stream of gasses is reduced by use of zeolites.
The amount of skatol increases in presence of zeolite HZSM-5 and HBeta.  
The nicotine in trap is reduced  26% by zeolite HUSY and HZSM-5 and 23% by zeolite HBeta.
In the filters the zeolites reduce the amounts of compounds analyzed. 
The use of zeolites added to tobacco allows reducing the toxicity of tobacco, because it reduces the quantity of gas 
and condensed liquids.
HUSY is the zeolite which has the major effect on the reduction of the yield of the different  compounds generated, 
although the three zeolites exhibit benefits in order to reduce tobacco toxicity.

% reduction 
HUSY

% reduction 
HZSM-5

% reduction 
Hbeta

Azole 35,53 41,74 38,36
Furfural 46,54 59,11 57,32

1-acetoxi-2-propane 50,80 52,76 58,53
4-Cyclopenten-1,3-dione 16,27 25,24 4,29

2-Cyclopenten-1-one, 2-methyl- 44,41 49,83 56,17
Phenol 31,37 36,73 33,16
Corylon 29,55 34,87 37,60
o-cresol 41,07 35,08 32,70
p-cresol 22,51 28,76 26,90
Guaiacol 34,34 38,85 38,09

p-ethylphenol 9,04 27,89 44,20
Hidroquinone 42,51 53,13 41,61

Indole 44,24 28,93 31,79
Nicotine 36,72 29,27 31,28
Skatol 27,15 25,90 31,68

Miosmine 20,41 26,81 20,74
Diethyl Phthalate 64,72 81,67 2,77
Neophytadiene 14,89 4,58 25,35

% reduction HUSY % reduction HZSM-5 % reduction Hbeta
Ethyl N,N dimetilcarbamate -8,12 nd 38,88

Phenol 26,73 16,66 18,76
Corylon -9,66 -4,06 24,36
o-cresol 44,29 -22,90 -2,61
p-cresol 8,01 57,92 27,51

5-hydroximethylfurfural 40,54 52,01 45,14
Hydroquinone 47,38 39,54 30,45

Indole 33,22 14,26 13,33
Nicotine 26,36 26,22 23,45
Skatol 5,39 -48,10 -97,27

Miosmine -7,13 38,12 21,12
2,3'-Dipyridyl 26,79 32,13 16,02

Diethyl Phthalate -10,38 8,60 -51,59
Cotinine 41,07 37,38 -8,75

Neophytadiene 36,12 28,46 26,80
Palmitic acid nd nd 11,54

Figure 4.- Some compounds retained in traps.
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Figure 2.- mg/cigarette of CO2 and CO

The yields of the different compounds analyzed in the 
gaseous products have been expressed in terms of  
mass of compound/cigarette, which are the usual form 
used in the tobacco industry for expressing the content 
in toxic compounds. The content of CO and CO2 in the 
smoke collected has been analyzed by GC with TCD 
detector (GC/TCD). Other compounds in the smoke  
have been analyzed by GC/FID detectors (GC/FID)
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