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ABDALLAH F. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS04 

The challenge of reducing risk while maintaining acceptable smoking qualities. 

Development of reduced-risk cigarettes should give due consideration to the complexity of the final product, 

mainstream smoke (MSS), with its thousands of components.  Quick solutions to reduce the deliveries of 

harmful compounds in MSS may be counter-productive, as such may generate new harmful compounds.  

Efforts to develop reduced-risk cigarettes should also avoid generating compounds that have adverse effects 

on the smoking qualities.  Developing a reduced-risk or "safer" cigarette with unacceptable smoking qualities 

will not contribute to safety if no one smokes it.   

Whereas time and resources are needed to discover new tools for developing reduced-risk cigarettes, current 

proven tools will continue to play the major role.  These tools include leaf blending, processing and cigarette 

design, i.e. tobacco rod, paper's porosity, diffusivity, filler type/amount, pulp/filler ratio, and burn additives 

and filter, tipping, perforation, ventilation, etc.   

In my presentation, I will explain the important role of blending and processing in developing reduced-risk 

cigarettes with acceptable smoking qualities and present some guidelines that make such development 

practically feasible for both small and large cigarette manufacturers.  These guidelines cover the proper 

selection of grades in the foundation blend, extenders (such as reconstituted sheet, expanded cut tobacco and 

cut-rolled expanded stems) and additives (casings, flavorings and humectants).  Also, new processing 

techniques that include due attention to the Burley casing and toasting are discussed.  Finally, I will briefly 

explain the important contribution of sensory testing or panel evaluation as a measuring device in the 

development of reduced-risk cigarettes with acceptable smoking qualities and elaborate on the role of 

smoking behavior. 

Fawky Abdallah Company Inc., 226 Cedar Trails, Winston-Salem, NC 27104, U.S.A. 

 

 

ACHARD S.; BLIN N.; SEVESTRE O.; COUILLARD V.; MARCHAND V. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS24 

Assessment of cigarette whole smoke biological activity. 

The aim of this work was to develop an in vitro model for direct exposure of human lung cells (A549) to 

native cigarette whole smoke, in a specially adapted exposure module based on the CULTEX
TM

 cell 

cultivation system. 

Our system consists in three major elements: a smoking machine working with standard ISO parameters (35 

mL puff volume, 2 s puff duration, one puff per minute), a dilution system for the fresh whole smoke, driven 

with synthetic clean air, and an exposure chamber for cells growing on cell culture inserts housed in a glass 

exposure device. 

We first checked that cellular viability was not affected by the synthetic clean air exposure: the cellular 

viability was maintained at more than 90% over a wide range of dilution (from 1.96 to 10.9).  A reproducible 

dose-effect was observed in this range of dilution with the Neutral Red test. 

Classical in vitro tests assessing genotoxicity, cytotoxicity, mutagenicity, as well as new tests such as 

toxicogenomics have now to be developed with this whole smoke exposure system.  We first developed a 

cytotoxicity test (Neutral Red) and a genotoxicity test (Comet assay), and compared the toxicity of whole 

smoke from various cigarettes. 

As an example, we tested the effect of the presence of charcoal in a cigarette filter.  Cells were exposed to 

whole smoke from 4 cigarettes during 30 minutes at 2 dilution factors (4.81 and 2.92).  With the charcoal 

filter, the whole smoke cytotoxicity decreased by around 50%, and the Tail Moment of the comet (parameter 

used to estimate DNA damage) decreased by around 3-fold in comparison with the control filter. 
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In conclusion, our new approach to assess the whole smoke toxicity seems to be adapted to distinguish 

differences between two cigarettes in terms of genotoxicity and cytotoxicity. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

 

 

ADAM T.; MITSCHKE S.; STREIBEL T.; McAUGHEY J.; BAKER R.R.; ZIMMERMANN R. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS18 

Application of laser ionization mass spectrometry for on-line characterization of organic compounds 

in main- and sidestream smoke. 

Tobacco smoke is a fast changing and extremely complex mixture containing thousands of compounds.  

Consequently, to account for the dynamic smoke composition analytical techniques exhibiting a very high 

time resolution are required.  The measurement technique used in the framework of this study is a laser-

based ionisation method coupled to time-of-flight mass spectrometry (TOF-MS).  Most organic compounds 

as well as some inorganic species are ionized by the soft single photon ionisation (SPI) achieved by vacuum 

ultraviolet (VUV) laser pulses.  SPI produces almost no fragments in the mass spectrum and offers 

selectivity by means of the ionisation potential of the target compounds.  For puff-by-puff resolved 

measurements of mainstream and sidestream smoke the measurement system is connected to a Borgwaldt 

single port smoking machine, which has been slightly modified to reduce memory effects caused inside the 

machine during the real time investigation.  For sidestream measurements, a fishtail device was utilized as a 

sampling tool.  Either way, a heated fused silica capillary serving as transfer line was applied to extract a 

small portion of main- or sidestream smoke, which was subsequently carried to the ion source of the mass 

spectrometer.  Main- and sidestream smoke of different cigarette types have been compared on a puff-by-

puff basis.  Thereby, various characteristic trends in concentration could be observed during the course of the 

smoking process.  For instance, some compounds such as butadiene exhibit their highest mainstream 

concentration in the first puff.  As for the sidestream behaviour, there are species which show distinct 

concentration maxima immediately after a puff, then again the concentration of other compounds is 

increasing during and after the first puff and remains unchanged for the remainder of the cigarette. 

Analytical Chemistry, Institute of Physics, University of Augsburg, D-86159 Augsburg, Germany. 

Institute of Ecological Chemistry, GSF - National Research Centre for Environment and Health, D-85764 

Neuherberg, Germany. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 

BIfA - Bavarian Institute of Applied Environmental Research and Technology GmbH, Environmental 

Chemistry, D-86167 Augsburg, Germany. 

 

 

ANSPACH T.; LINKERHÄGNER M. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT22 

QuEChERS Multi Residue Method - an effective tool for the determination of agrochemical residues 

in tobacco by LC-MS/MS. 

Multi Residue Methods are playing an important role to monitor pesticide residues in tobacco.  In order to 

reduce costs of analysis and turn-around times the so-called QuEChERS (Quick, Easy, Cheap, Effective, 

Rugged, Safe) multi residue method, developed by M. Anastassiades, S.J. Lehotay and co-workers [1], was 

adapted to tobacco. 

Extracts obtained from the QuEChERS sample preparation are injected into a LC-MS/MS system equipped 

with an electrospray ionization source (ESI). 

The sample work-up procedure consists of the following steps: 

 after the addition of water the finely ground tobacco material is extracted with acetonitrile followed by a 

salt induced (magnesium sulfate and sodium acetate) phase separation. 

 the organic phase, separated by centrifugation is further cleaned-up by dispersive-SPE with a 

combination of primary secondary amine adsorbent (PSA) and magnesium sulfate in order to remove 

organic acids, excess water and other matrix components. 

 the final determination is done by LC-ESI/MS/MS. 
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Detailed validation results will be presented for pesticides, listed in the CORESTA ACAC guide and 

amenable to LC-MS/MS determination.  Recovery experiments at the advised Guidance Residue Levels on 

three representative types of tobacco [flue-cured (Virginia), air-cured (Burley) and sun-cured (Oriental)] 

were performed.  Furthermore, analyte-dependent matrix effects for each type of tobacco were evaluated and 

will be discussed.  Attention will be drawn to those pesticides (e.g. aldicarb sulfoxide, methamidophos) that 

showed a significant increase of recovery compared to well-established multi residue methods like DFG S19 

method. 

Reference: [1] Anastassiades, M., S.J. Lehotay, D. Stajnbaher and F.J. Schenck (2003). "Fast and easy 

multiresidue method employing acetonitrile extraction/partitioning and "dispersive solid-phase extraction" 

for the determination of pesticide residues in produce." Journal of AOAC International 86(2): 412-431 

Eurofins Analytik GmbH - Dr. Specht Laboratorium, Grossmoorbogen 25, D-21079 Hamburg, Germany. 

 

 

ASHARI ASTANI S.; SOLEIMANIFAKHR F. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PTPOST02 

Determination of nicotine in tobacco by GC, and comparison with spectrometric method. 

Nowadays the routine method for determination of nicotine in Iranian Tobacco Company is spectrometric 

method (ISO 2881: 1992).  This study was performed in 2004 in order to compare some analytical methods.  

Three methods were conducted and compared, specifically methyl-t-butyl ether (MTBE) extraction (by GC); 

n-hexane extraction (by GC), and spectrometric method. 

A total of 20 samples of tobacco, flue-cured and Burley, with specified amount of nicotine (announced by 

their own company); were determined first by ISO 2881 method and then by two GC methods.  After some 

experiments, it was shown that GC response for MTBE extraction is better than n-hexane extraction; so, the 

n-hexane method was omitted.  In GC method tobaccos were extracted in alkaline media in presence of 

Internal Standard "quinoline".  When the phases separate aliquots were taken and placed in autosampler vials 

for analysis.  The GC response was calibrated using nicotine standard solutions.  The percentage of nicotine 

was calculated from the peak area (or height), the graphs were plotted and the two series of results were 

compared by using analysis of variance or "t-test" method for P=0.05, and "correlation statistical 

calculation". 

The correlation factor (r) was 0.97 and tcalculated (1.98) was less than ttable (2.093).  So the two methods have 

correlation with each other and there are no significant differences at the 95% confidence level. 

Iranian Tobacco Company, Qazvin Avenue, Tehran 13314, Iran. 

 

 

BENZARIA-DE SENSI M.; LHERMITE S.; BIESSE J.P.; VIDAL B.; DUMÉRY B. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT17 

Sensory quality control by electronic nose in manufacturing plants. 

The Electronic Nose (E-Nose) response has been optimized by an experimental design aimed at defining a 

standard method to analyze blend tobacco. 

A possible application of this apparatus is to use it as an "on line" quality control tool in manufacturing 

plants.  This will enable us to present a correlation with sensory evaluation. 

We have carried out a follow-up of a US blend from plants during several weeks and we have analyzed head 

space of cut tobacco by E-Nose in order to control Volatile Organic Compounds (VOC) fingerprints of 

finished blends.  In this purpose we suggested to make a survey chart based on euclidian distances calculated 

between each sampling and the average fingerprint of all samplings. 

According to the survey chart, we detected outliers which were not the object of customers' complaints and 

which did not present chemical differences.  We decided to organise a blind tasting session by an expert 

panel.  The outliers and a reference have been tasted in monadic and the sensory difference between the 

samples has been checked.  In conclusion we can confirm that there are real differences between outliers and 

reference but it is undetectable by consumers. 

E-Nose is more sensitive than a human sense of smell.  So as to use an E-Nose in order to decide if the 

differences between manufactured samples are significant or not, it is necessary to define an upper control 

limit that would be a "consumers' threshold limit". 
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Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

 

 

BOUZIGE M.; CLERTÉ C.; NOS C.; BRÉGEON B.; VIDAL B.; DUMÉRY B. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS15 

Fingerprints of tobacco smoke precursors by comprehensive GC×GC. 

In order to mimic the aromatic modifications occurring in tobaccos during combustion, a preparation 

method, applied on tobacco samples, is carried out.  Tobacco samples are heated under pressure at 170 °C 

during 2 hours.  In such conditions, Maillard reactions are initiated, responsible from part of the aroma of the 

smoke.  Due to the complexity of the extracts, the chromatograms obtained by GC-FID or GC-NPD show a 

lot of co-elutions, the identification of the compounds is troublesome and a rapid comparison of the samples 

is not possible.  Comprehensive two-dimensional gas chromatography, GC×GC, has proved to be clearly 

advantageous for improving the selectivity of the separations and also for giving organised chromatograms 

on the 2D space plane.  We have implemented this technique for the analysis of the heated tobacco extracts.  

The conditions of separation of the main families of Maillard compounds or of other smoke precursors were 

optimized: the pyrazine, pyridine and carbonyl derivatives are clearly separated on the second dimension 

column.  With this technique, an at-a-glance investigation of the main differences between tobacco types was 

possible, allowing to compare the tobaccos on an aromatic point of view.  New discriminating compounds 

could be identified.  To take also into account the risk-associated part of the smoke, the compounds that 

characterized the best the different tobaccos have been selected by multidimensional analysis and have been 

compared to smoke compounds generated by cigarettes based on the same tobaccos.  This way, a tobacco 

fingerprint, which could be linked to its aromatic or toxic potential in smoke, has been defined.  Finally, with 

this method, the interactions between tobacco types during heating have been investigated as well as the 

effects of different additives. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

 

 

BRÉGEON B.; COUPÉ M.; GONNY B. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST07 

HCN and tobacco precursors. 

As Hoffmann list component, hydrogen cyanide is currently analyzed.  Design and filter parameters are 

involved on HCN amount in smoke, however tobacco composition explains strongly the quantitative results. 

The known relations between HCN and nitrogen compounds on tobacco blends justify systematic studies to 

evaluate the effective contribution of potential precursors. 

To avoid non-representative thermal reactions, e.g. by pyrolysis approach, the precursors studied are added 

on a US type blend prior the cigarette making.  The HCN determinations are achieved with classical method.  

The precursors list covers a wide number of nitrogen compounds, including amino acids, polypeptides, 

proteins, extracted tobacco pigments (melanoidins).  These different precursors have been added at different 

doses. 

HCN results highlight the main contributors on the HCN smoke response and the relationship with 

quantitative enrichment of each nitrogen component.  Different result expressions enable us to evaluate 

comparative contributions of these components and a possible HCN formation mechanism. 

Spiking enables us to estimate the relative contribution of each precursor in the non- enriched blend.  This 

observation demonstrates the important role played by residual proteins on HCN content in smoke. 

Protein levels estimated in representative tobacco lots confirm the good relationship between HCN amounts 

and these nitrogen compounds.  Protein evaluations allow the establishment of a model to predict blend 

potentiality for HCN in its smoke. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

 

 

CAHOURS X.; BLANCHET M.; HAOND C.; MARCHAND V.; DUMÉRY B. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST08 
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A cell-free method to assess the gaseous phase cytotoxicity of cigarette smoke. 

In order to increase our efficiency in assessing the cigarette smoke's toxicity, we developed fast cell-free 

methods allowing a first selection before in vitro classical testings. 

We will here describe a cell-free method, based on the depletion of an anti-oxydant (GSH), applied to an 

aliquot of PBS-trapped gaseous phase (as required in recommended in vitro testing), that enables to quickly 

predict the gaseous phase cytotoxicity of cigarette smoke, as classically assessed by Neutral Red test.  The 

correlation between this method and the survival/viability test (Neutral Red cytotoxicity) is excellent (r2 = 

0.94). 

Previously, we had developed a fast method to assess the oxidative effect of the gaseous phase of cigarette 

smoke(1), by direct bubbling in a GSH solution.  We do not have a good correlation between those two free-

cell methods (r
2
 = 0.52).  Moreover, the GSH depletions obtained with the "bubbling" method are always 

higher than the depletions obtained with the "aliquot" method.  In order to know the differences between the 

two cell-free methods, the determination of the products formed by reactive smoke components with GSH in 

both methods has been also performed.  The results clearly show that some oxidant components of the 

gaseous phase are not trapped in the PBS solution. 

In conclusion, we will share a new method to quickly predict the gaseous phase cytotoxicity as assessed by 

Neutral Red test after trapping in PBS solution.  We will also demonstrate that several compounds of the 

native gaseous phase are not tested in this classical configuration. 

1.  Oxydative effect of cigarette smoke: assessment by a fast cell-free method.  Xavier Cahours*, Damien Renault, Matthieu Dubois, 

Véronique Marchand, Bernard Duméry.  CORESTA 2004, Kyoto, Japan. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

 

 

CAHOURS X.; REY M.; MARCHAND V.; DUMÉRY B. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST09 

Rapid and sensitive method to analyse ß-carbolines, norharman and harman, in cigarette smoke. 

The ß-carboline compounds, harman (1-methyl-9H-pyrido[3,4-b]indole) and norharman (9H-pyrido[3,4-

b]indole), occur in medicinal plants and in variety of food, alcoholic beverages, industrial waste and tobacco 

smoke.  These compounds are synthesized by the reaction of indoleamine with some aldehydes under an 

oxidative condition.  Concerning the tobacco smoke, norharman and harman are formed during the 

combustion by Pictet-Spengler condensation of tryptophan with formaldehyde or acetaldehyde.  These ß-

carbolines alkaloids exhibit a diverse range of pharmaceutical and biochemical activities.  Here, we reported 

the development of a rapid and sensitive method to analyse harman and norharman in cigarette smoke 

condensates.  In order to minimize sample handling and to decrease in analysis time, the method was 

developed for the direct injection of smoke condensate solution.  For this, the analyses were carried out by 

liquid chromatography using fluorescence detection.  Several chromatographic parameters were investigated, 

including the nature and the percentage of the organic solvent and acid modifier as well as column 

temperature.  In-line sample preparation was also investigated and dimethylsulfoxyde appears to be the best 

solvent for a complete recovery.  Moreover, this solvent is compatible with different in vitro test such as 

AMES test.  The optimal conditions give a separation of harman and norharman in less than 10 minutes with 

a good resolution.  In order to validate the method, precision was determined measuring the repeatability, 

accuracy and intermediate precision (between-day precision).  Finally, the described method was applied to 

the quantitative analysis of harman and norharman in several cigarette smoke condensates. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

 

 

CASE P.D.; DITTRICH D.J.; KIMPTON H.; COBURN S.; COTTE V. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT06 

The role of cigarette paper and other factors that influence Hoffmann analyte yields in sidestream 

smoke. 

Sidestream smoke, which is the smoke that comes from the lit end of the cigarette, is an area of research and 

development for cigarette designers and in certain countries it is an area of interest for regulators. 
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Previous studies have illustrated that by examination of the combustion behaviour of cigarettes it is possible 

to determine from where within a smouldering cigarette the particulate phase precursors and gas phase 

material; which make up the sidestream smoke, emanates.  These particular studies were limited to 

sidestream NFDPM, Nicotine CO and CO2; this has been extended to examination of Hoffmann analytes. 

Three specific pieces of work are considered; in the first the use of technologies associated with sidestream 

reduction of both particulate and gas/vapour phase.  In the second results from a market place survey are 

recorded.  In the third an examination of a number of different blend types is explained whilst maintaining a 

constant cigarette construction. 

The resulting effects on Hoffmann analyte yields can be considered in terms of changing paper 

characteristics, tobacco weight, and blend chemistry.  The results illustrate that it is possible to influence the 

formation of sidestream gas and particulate phase Hoffmann yields over a range of cigarette designs. 

Comment will also be made as to the applicability of the approaches used, and the limitations on the designs 

and interpretations will be explained. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 

 

 

CASHMORE M.; CASE P.D. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT01 

The influence of particulate matter on the activity of activated carbon in cigarette filters. 

The use of activated carbon in cigarette filters is well established.  It is known that the activity of the carbon 

is reduced when incorporated into a cigarette filter.  There are several factors that influence the activity of 

carbon in a cigarette filter; these include triacetin, tobacco volatiles and exposure to particulate matter during 

smoking.  This study looks at the effect of changing the amount and source of particulate matter presented to 

the filter. 

The first stage of this work uses a two level factorial design which looks at the effect of keeping the 

Dalmatian filter constant and changing the tobacco column length, ventilation level and charcoal loading to 

understand the effect of amount of particulate matter presented to the filter.  Both a Virginia blend and US 

blend were evaluated under this design. 

The second stage investigates the effect of changing the length and tar efficiency of the upstream segment 

within the filter in a cavity construction to vary the amount of particulate matter presented to the carbon.  

The tobacco column and overall filter length is maintained. 

The third stage explores removing the particulate matter prior to the filter and exposing the filter only to the 

vapour phase.  This is achieved by placing a Cambridge filter pad in between the tobacco column and filter 

to remove the particulate matter before the vapour phase smoke is presented to the filter. 

The methods of smoke analysis will be discussed and the effects of the tar removal and dilution on the 

vapour phase activity of the carbon. 

All three stages showed little or no effect on vapour phase efficiency of the carbon by changing the amount 

of particulate matter presented to the filter. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 

 

 

CODWISE B.; DUROCHER D.; WANNA J. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT14 

Application of ISO 2965 (Section 4) to the permeability measurement of paper for lowered ignition 

strength cigarettes. 

In general, LIP cigarette designs that employ low permeability bands have band permeabilities of between 3 

and 15 cm-min, as measured by the CORESTA method.  The optimum band width has been found to be 

between 5 and 7 mm.  Measuring these low permeabilities is difficult because existing permeability 

measurement devices have been designed to operate above 20 cm-min using at least a 1 cm
2
 orifice.  In order 

to accomplish these measurements as well as cover the wide range of cigarette paper widths used 

commercially, we have found that a 2 × 15 mm orifice works best.  However the small orifice size results in 

such low airflows that special precautions must be taken to insure that permeability readings are accurate.  

We will discuss the impact on these measurements by the direction of air flow through the sample as it 
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relates to very low flow readings.  A test protocol will be presented to eliminate the errors that can creep into 

these very delicate measurements. 

Schweitzer-Mauduit International Inc., 100 North Point Center East, Suite 600, Alpharetta, Georgia 30022, 

U.S.A. 

 

 

COLEMAN W.M. III; KHORASSANI M.A.; NAZEM N.; TAYLOR L.T. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT21 

Comparison of methods for extraction and isolation of sucrose esters from various Oriental tobaccos 

employing conventional liquids and/or supercritical carbon dioxide. 

Sucrose tetraesters of lower carboxylic acids are now considered to be some of the most important aroma 

precursors responsible for Oriental tobacco flavor.  Sucrose esters present real challenges in terms of sample 

preparation and molecular characterization because the materials are partially esterified with linear and 

branched fatty acids of variable chain length.  Esterification can be exclusively associated with either the 

glucose or fructose part of the sucrose but not both thus leading to bipolar structures.  Traditionally, isolation 

of sucrose esters from green tobacco has been via conventional liquid-solid extraction with either methylene 

chloride or acetonitrile followed by extensive multi-step solvent evaporation and solvent partitioning.  In 

each case, the crude extract was further separated by a liquid chromatographic method.  Analysis was 

performed on the crude extract via gas chromatography-mass spectrometry of the derivatized extract.  The 

presentation will describe the extraction and isolation of sucrose esters employing supercritical carbon 

dioxide with practically no sample clean-up.  Pre-extraction of the tobacco at relatively low pressure 

removed most of the interfering components.  Subsequent extraction at higher pressure yielded mostly pure 

sucrose esters.  Fractionation of the sucrose esters was next accomplished via supercritical fluid 

chromatography employing methanol-modified carbon dioxide as the mobile phase and a packed diol-silica 

bonded stationary phase.  At this point, the collected fractions were subjected to reversed phase liquid 

chromatography-mass spectrometry (electrospray ionization) or the fractions were trimethylsilated for gas 

chromatography-mass spectrometry (electron impact ionization).  Advantages and disadvantages of the 

conventional and supercritical approaches will be advanced for various Oriental tobaccos. 

R.J. Reynolds Tobacco Company, P.O. Box 1487, Winston-Salem, NC 27102-1487, U.S.A. 

Department of Chemistry, Virginia Tech, Blacksburg, VA 24061, U.S.A. 

 

 

COLEMAN W.M. III; KHORASSANI M.A.; NAZEM N.; TAYLOR L.T. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PTPOST05 

Comparison of sucrose esters from various Oriental tobaccos. 

Tetra-acylated sucrose esters in five different Oriental tobaccos have been characterized using liquid 

chromatography-mass spectrometry.  Supplemental characterization was carried-out on the silylated 

derivatives via gas chromatography-mass spectrometry.  The concentration of sucrose ester varied from 340 

to 950 µg/g in the five tobacco samples that had been air-dried and ground.  Sample preparation employed 

either conventional liquid solvents or supercritical fluids.  Advantages and disadvantages of both methods 

will be discussed concerning molecular characterization of the sucrose esters.  From a relative quantitative 

perspective, sucrose ester having an acetyl group on C-6 of glucose (Group III) were in higher concentration 

compared to the concentration observed for sucrose ester of Group I (e.g. acetyl group on C-3 of fructose).  

Saturated fatty acid constituents were found to consist of a maximum total of 18 carbons to a minimum of 13 

carbons.  Unsaturated and isomeric fatty acid homologues were detected within the Group I sucrose esters. 

R.J. Reynolds Tobacco Company, P.O. Box 1487, Winston-Salem, NC 27102-1487, U.S.A. 

Department of Chemistry, Virginia Tech, Blacksburg, VA 24061, U.S.A. 

 

 

COLEMAN W.M. III; WILKINS J.W.; MOLDOVEANU S.C. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS02 

Evaluation of the retention by humans of several cigarette smoke constituents. 
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The first report on retention by smokers of nicotine appeared as early as 1908.  However, until now, very few 

published papers have evaluated other individual compounds retained by smokers as measured via exhaled 

smoke.  Present study was aimed to collect information on overall composition of exhaled smoke as 

measured in a chromatographic profile of a smoke condensate, and also to use specific quantitative analytical 

procedures for some classes of compounds of interest.  These classes included selected substances some of 

which cannot be measured directly in the chromatographic profile of smoke condensate.  Among these are 

carbonyl compounds, benzene, polycyclic aromatic hydrocarbons (PAHs), and hydroxybenzenes.  The study 

of the retention by a relatively small number of smokers (10) of 160 compounds seen in a smoke condensate 

chromatogram indicated that practically, all compounds found in the machine generated smoke were also 

present in the exhaled smoke, but at different levels.  Preliminary results indicate that about one third of the 

compounds were retained more than 66% by the smoker, another third of the compounds were retained 

between 33% and 66%, and the rest of compounds were to a much less extent retained.  The highly retained 

compounds were in general with low MW and higher water solubility.  The compounds less retained from 

smoke were heavier compounds, with higher boiling points, which were eluted late from the 

chromatographic column.  The carbonyl compounds analyzed separately showed that the aldehydes 

(formaldehyde, acetaldehyde, acrolein, etc.) were retained above 95% while the ketones were retained with a 

slightly lower efficiency, in the range of 90% to 95%.  The analysis of twenty PAHs showed that the lower 

molecular weight compounds are also retained with high efficiency.  The heavier PAHs were less retained, 

but even compounds such as indeno[1,2,3-cd]pyrene, dibenz[a,h]anthracene, and benzoperylene are retained 

with efficiencies around 50%.  The result was in some way unexpected, considering the high hydrophobic 

character of the heavier PAHs, but probably explained by the extremely low levels of these compounds in 

smoke.  Retention of benzene and hydroxybenzenes were also evaluated. 

R.J. Reynolds Tobacco Company, P.O. Box 1487, Winston-Salem, NC 27102-1487, U.S.A. 

 

 

CONNOR M. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PTPOST06 

Technology and measurement techniques meeting ISO 2971:1998. 

The measurement of cigarette diameter in accordance with ISO 2971 has seen many changes, including 

pneumatic balancing orifice, tape gauge and laser shadow.  With the emergence of new technologies that 

may lend themselves to be included into ISO 2971, consideration of not only measurement limitations; but 

also technology limits may need to be examined. 

The prevalent new technologies include detectors of the Linear arrays and CCD types and light sources such 

as infra-red, gray scale, red and full spectrum light. 

With such a range of possible technologies is it reasonable to expect them all to give the same levels of 

measurement accuracy, repeatability and reproducibility, or should it be considered that one technology is 

the reference method and all other methods are measured against it, with notes to their possible measurement 

errors and limitations. 

An investigation into the possible affects of the technology on the actual measurement, as well as the 

possible variation in measurement calculation will be presented; in this first look investigation comparing a 

selection of these new technologies and methods. 

Borgwaldt KC Incorporated, 7741 Whitepine Rd, Richmond VA 23237, U.S.A. 

 

 

DUROCHER D.; WANNA J. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT13 

Using alginate as a banding material for low ignition strength cigarettes. 

Only cigarettes that pass the ASTM E2187-02B ignition strength test more than 75% of the time are allowed 

for sale in New York and Canada.  A widely used method to achieve this ignition performance is to print 

short, circumferential bands of sodium alginate on the cigarette to reduce the paper's permeability so that the 

cigarette's coal will extinguish when the it is in contact with a substrate.  This presentation will describe the 

extraction of alginate from seaweed and processing of sodium alginate.  We will discuss the many and varied 

uses of alginate in the food and pharmaceutical industries.  In addition, relative to its importance in a 
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smoking product, we will explore the pyrolosis products of alginate compared with those of flax and wood 

pulp fibers. 

Schweitzer-Mauduit International Inc., 100 North Point Center East, Suite 600, Alpharetta, Georgia 30022, 

U.S.A. 

 

 

DU Wen; REN Jianxin; LI Shaoye; ZHANG Wenli 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT10 

Classification of the contaminant in the cigarette wrap paper using PLA-DA algorithm with near 

infrared spectra. 

To classify the contaminant in the cigarette wrap paper, PLS-DA model was established with the near 

infrared reflection spectra.  Standard samples were prepared by painting possible oil contaminant (lubricant, 

vacuum oil, lecithin, etc.) on the clean wrap paper manually.  The near infrared reflection spectra of the 

standard samples and the unknown samples were obtained on a FT-NIR instrument.  The classification 

model was then established on the NIR spectra of the standard samples using PLS-DA method.  Parameters 

of the model such as spectral pretreatment method, number of latent variables and the best calibration set 

were optimized referring to the results of cross validation.  The contaminant in the unknown samples was 

successfully classified by the PLS-DA model.  This application of PLS-DA with NIR spectra indicates a new 

and efficient way to solve contaminant classification problems. 

Changsha Technology Center of CNTC, Changsha, Hunan, 410007, P.R. China. 

 

 

EITZINGER B. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT07 

An improved model of the porous structure of cigarette paper. 

Diffusion and flow through cigarette paper are both important transport mechanisms to achieve desired 

smoke yields, especially with respect to carbon monoxide, or to pass legislative requirements, such as 

reduced ignition propensity.  The pore size distribution of cigarette paper, as it can be measured, for 

example, by mercury porosimetry has been shown to be a useful tool for the prediction of diffusion constants 

and of air permeability.  This tool, however, suffers from an important drawback.  The pore size distribution, 

as delivered by mercury porosimetry, is the pore volume as a function of the pore radius and does not contain 

information on the number of pores or on the length of the pores.  But this information is needed to calculate 

the diffusion constant and the air permeability. 

In the present study this problem is solved by stochastic simulation of the pore shape based on a discrete 

random-walk model.  The paper is discretised into small cells and uniform probabilities for the transition 

from one cell to the other are chosen.  The generated random-walk is considered a pore, if it passes from one 

side of the paper to the other side without intersecting itself.  A large number of such pores is simulated and 

their length distribution for a given radius is determined from the simulation results.  From these results the 

number of pores can be estimated and the diffusion constant and the air permeability can be calculated.  A 

comparison of calculated results and measured diffusion constants and air permeabilities of 18 naturally 

porous cigarette papers shows a very good agreement with an R² greater than 0.95.  Furthermore it is 

possible to explain from measurements and calculations how the paper composition affects the pore size 

distribution and consequently the diffusion constant and the air permeability. 

Dr.-Franz-Feurstein GmbH, Fabrikstrasse 20, 4050 Traun, Austria. 

 

 

FIGUÈRES G.; DE SOUZA S.; REYNÉS C.; SABATIER R.; VIDAL B. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT20 

Feature selection from near infrared spectra using genetic algorithms for tobacco blend recognition. 

Near infrared reflectance spectroscopy has proved to be very useful for predicting concentrations of chemical 

compounds in tobacco, classification or pattern recognition of cigarette blends.  The resulting measurement 
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of a sample is a whole reflectance spectrum that can be considered as the summation of the spectra of its 

major chemical constituents and consists of many overlapped absorption bands.  But the success of these 

applications is limited by the properties of spectral data: large number of variables, redundancy or 

collinearity of the wavelengths and a poorly understood relationship between the spectral variables and the 

dependant variables. 

In a classification context the only information of interest is the one concerning the differences between 

groups of tobacco blends.  The goal is to search for informative spectral regions allowing a good 

discrimination.  Informative regions mean that they contain useful information for Factorial Discriminant 

Analysis (FDA) model building and are helpful to improve the performance of the model and to understand 

better the differences between groups.  For this purpose we introduce a genetic algorithm-based approach 

(GA) as a method of spectral feature selection.  Genetic algorithms are global search and optimization 

methods based upon the principles of natural evolution and selection.  The implementation of a GA consists 

of different basic steps including initialization of a gene population (set of selected wavelength intervals), 

crossover, mutation, evaluation and selection of the best individuals regarding the criterion to optimize 

(fitness).  Once the GA has converged, a FDA model is performed from the selected wavelength intervals. 

The method noted FDA-GA was applied to spectral data consisting of up to 1050 wavelengths (visible and 

near infrared regions) in order to discriminate tobacco blends from 363 finished products covering different 

taste lines.  The efficiency of this method is discussed in comparison to other well-known algorithms of 

classification.  Moreover the spectral patterns of discriminant factors are examined in a chemical 

interpretation attempt of absorption bands. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

Laboratory of Molecular and Structural Physics, Faculty of Pharmacy, 15 av. Charles Flahault, BP 14491, 

34093 Montpellier Cedex 5, France. 

 

 

FIGUÈRES G.; VIDAL B.; BIESSE J.P.; BREGEON B.; LOUVET F.; MUZELLEC L. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS14 

A mixture experimental design with six variables and the effects on smoke components:  2 - Hoffmann 

analytes behaviour through a mixture experimental design. 

Today in the tobacco industry, one of the main scientific challenges is to understand the formation of some 

smoke compounds ("Hoffmann analytes").  For several years, work has been conducted in order to know the 

influence of cigarette design parameters or the effect of tobacco types onto the generation of smoke 

constituents such as Hoffmann analytes and also to search for precursors from pyrolysis studies. 

Here we propose an experimental approach based on a complex mixture experimental design (MED) under 

constraints already described in the previous paper.  This MED took into account six tobacco components 

classically incorporated in an industrial US blend (without casing): Burley, Oriental, Virginia, reconstituted 

tobaccos, stems and expanded tobaccos. 

In order to carry out this study, experimental cigarettes were manufactured using a constant design and the 

weight of tobacco blends was chosen to get the same pressure drop (around 110 mm).  Single tobacco and 

cigarette blends were characterized chemically and physically (burning rate, hardness, filling power). 

The contribution of each blend tobacco component to the generation of smoke constituents was evaluated by 

a statistical approach based upon a linear model consisting of first-order items for each of the mixture 

components.  The fitted model is shown with a P-value that tests to determine if it is statistically significant 

when compared with the mean square for the error term and is illustrated by the polynomial prediction 

equation. 

Furthermore we have explored the relationships between Hoffmann analytes yields and the tobacco chemical 

compounds that could be considered as precursors or would enable predicting smoke constituents from a 

multi-linear regression such as the Partial Least Squares considering also physical variables of cigarette 

blends in the modelling conception. 

In the last investigation we considered the possibility to estimate analytes in the smoke of cigarette blends 

from those measured in the mainstream smoke of cigarettes made up of single tobacco component. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

Ecole Nationale Supérieure de Céramique Industrielle, 87065 Limoges, France. 

Master OPEX - Université Bretagne Ouest - 29000 Brest, France. 

 



Smoke Science / Product Technology Abstracts  11 

 

FUKUSHIMA T.; MIURA Y.; OTSU Y.; TAKAHASHI H. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS25 

Contribution of selected smoke constituents to TPM mutagenic potencies in Salmonella typhimurium 

TA98. 

Total particulate matter (TPM) is a complex mixture of more than 4000 compounds including tobacco 

specific nitrosamines (TSNAs), polycyclic aromatic hydrocarbons (PAHs) and aromatic amines (AAs), 

which have been classified as potential carcinogens by IARC.  Since the TPM shows mutagenic activity in 

Salmonella Typhimurium TA98 under metabolic activation conditions, many attempts to identify the 

contributing compounds have been undertaken.  However, such compounds have not yet been identified 

unambiguously.  The objective of this study is to investigate the contribution of selected smoke constituents 

known as mutagens and their mixtures to the mutagenic potencies of TPM. 

TSNAs, PAHs, PAAs, heterocyclic amines (HCAs), nitropolycyclic aromatic hydrocarbons (NPAHs) and 

the mixture of compounds specified in the Canadian Regulations were subject to the Salmonella 

mutagenicity assay using the TA98 strain.  HCAs and Benz-[a]-pyrene showed mutagenicity, while the 

others did not within the dose range up to 100 mg TPM equivalent/plate (about 300-fold dose level to the 

growth inhibition observed by TPM).  The contribution of the constituents to the mutagenic potencies of 

TPM was calculated based on the amounts respectively found in 2R4F's TPM.  By such calculation method 

only HCAs showed a contribution of 2%. 

A further study was conducted to investigate potential effects arising from the individual interaction of 

HCAs, TSNAs, PAHs, PAAs and NPAHs with other smoke constituents.  TPM samples with the amount of 

10-fold of each of these compounds compared with normal TPM were prepared and subject to the assay.  

The results showed no increase in the mutagenicity of the TPM samples upon adding any of these 

compounds.  TSNAs, PAHs, AAs, HCAs, NPAHs and their mixtures do not seem to contribute to the 

mutagenic potencies of TPM as observed by the Salmonella Typhimurium TA98 assay. 

Japan Tobacco Inc., Tobacco Science Research Center, 6-2, Umegaoka, Aoba-ku, Yokohama, Kanagawa 

227-8512, Japan. 

 

 

GAÇA M.D.; COCKCROFT N.; RICHTER A.; MASSEY E.D. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST20 

Responses of vascular endothelial cells to cigarette smoke particulate matter. 

Background: Atherosclerosis underlies the development of cardiovascular disease.  The contribution of 

cigarette smoking to atherosclerosis is not well understood.  Objective: In vitro cultures of vascular 

endothelial cells isolated from human umbilical veins (HUVEC) and human aortas (AoEC) were used to 

study the effects of acute exposure to cigarette smoke.  Methods: Cigarette smoke total particulate matter 

(TPM) was collected from the mainstream smoke of Virginia blended cigarettes by trapping on a Cambridge 

filter pad. ~ 85% confluent HUVEC or AoEC monolayers were exposed to 3.5 to 200 µg/ml TPM in serum-

free medium for 24 hours.  In parallel, HUVECs were exposed to 0.001 to 100 µM benzo(a)pyrene (BaP), an 

atherogenic cigarette smoke constituent.  Cytotoxicity was measured by the active uptake of neutral red dye.  

Changes in cell morphology were detected by  light microscopy and changes in protein levels of monocyte 

chemoattractant protein-1 (MCP-1) and interleukins -6 and -8 (IL6, IL-8), mediators expressed during the 

development of atherosclerosis, were determined by ELISA in conditioned cell media.  Results: HUVECs 

were more sensitive to TPM treatment then AoEC; higher concentrations of cigarette smoke condensate 

reduced cell viability in a dose-dependent manner.  This was confirmed morphologically by light 

microscopy; at higher TPM fewer cells were found attached to tissue culture vessels.  Cytokine production 

was increased with cigarette smoke TPM treatment in HUVEC and AoEC cultures.  HUVECs treated with 

(BaP) reproduced the effects observed using cigarette smoke TPM.  Conclusions: In vitro, components of the 

vapour phase of cigarette smoke can regulate the expression of mediators implicated in atherosclerosis.  

These models may be useful for further investigations into potential mechanisms of smoke toxicity. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 
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GAÇA M.D.; KALIRAI K.; MASSEY E.D. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST21 

Antioxidants reduce cell cytotoxic responses to cigarette smoke. 

Cigarette smoke is a composite aerosol mix made up of over 4,000 compounds including oxidants.  Reactive 

oxidant species from cigarette smoke can mediate oxidative stress that has been implicated in the 

pathogenesis of chronic obstructive pulmonary disease and cardiovascular disease.  Therefore the use of 

antioxidants may negate the effects of cigarette smoke.  In this study we have investigated the role of 

antioxidants N-acetylcysteine (NAC) or α-tocopherol, on the cytotoxic response of lung fibroblasts (V79) 

and human umbilical vein endothelial cells (HUVEC) to cigarette smoke. 

Methods: Cigarette smoke total particulate matter (TPM) was collected from the mainstream smoke of US 

blended cigarettes by trapping on a Cambridge filter pad. ~ 85% confluent HUVEC or V79 monolayers were 

exposed to various concentrations of TPM in the presence or absence of 10-25 mM NAC or  5 mM  α-

tocopherol for 24 and 48 hours respectively.  Cytotoxicity was measured by the active uptake of neutral red 

dye. 

Results and conclusions: Cigarette smoke decreased cell viability of both V79 and HUVECs, in a dose 

dependent manner.  This response could be antagonised by the addition of antioxidants NAC or α-

tocopherol; cell viability increased in the presence of antioxidants compared to control smoke treated-cells. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 

 

 

GREGG E.O.; FISHER A.L.; LOWE F.; McEWAN M. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS32 

The potential of cardiac troponins for use as biomarkers in cigarette smokers. 

Troponins are proteins that, together with tropomyosin, bind to actin in striated cardiac and skeletal muscle.  

The troponin complex comprises three subunits (TnI, TnT and TnC) and is involved in the regulation of 

muscle contraction.  There are cardiac- and skeletal muscle-specific isoforms of these troponin subunits and 

the presence of cardiac TnT or TnI subunits in plasma is regarded as a highly specific and sensitive marker 

of cardiac muscle (myocardial) injury.  Measurement of troponin subunits is by ELISA, and detection of 

troponins in serum or plasma is now a diagnostic criterion for myocardial infarction (MI).  In addition to MI, 

there are several non-MI conditions in which elevated troponin levels have been reported and in man are 

believed to reflect chronic myocyte damage.  Thus, plasma or serum troponin measurements fit the criteria of 

early markers of pathological change related to cardiovascular disease.  Given the current understanding of 

troponin pathophysiology, their use as a biomarker in otherwise healthy smokers is uncertain.  To advance 

our understanding of the levels of blood cardiac troponin I (cTnI) was carried out in defined groups of 

smokers and non-smokers, in the UK.  Comparison of the results with a hypothetical ideal biomarker will be 

made. 

ENI Limited, 2 Hill House Court, Pattishall, Northants NN12 8JN, U.K. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 

 

 

HYODO T.; INOUE O.; KATAGIRI H.; MIKITA A. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS07 

Long term inter-laboratory comparison of selected smoke analytes in 2R4F mainstream smoke. 

There are a few references with regard to inter-laboratory comparison for selected smoke analytes other than 

tar, nicotine and carbon monoxide (CO) published in the past.  However the data presented in these 

references were based on one point in time studies.  The purpose of this study was to understand an inter-

laboratory variability by using long term data of selected smoke analytes, so-called Hoffmann analytes, in 

2R4F mainstream smoke. 

Hoffmann analytes have been measured under ISO smoking condition by three laboratories with the methods 

currently being used in each laboratory. 15 studies with 5 replicates per study have been carried out in each 

laboratory periodically during three years.  Within and inter-laboratory variabilities of each analyte have 

been calculated by 45 data obtained in these studies. 
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With regard to within-laboratory data, most of the analytes showed lower precision than that of tar, nicotine 

and CO.  Inter-laboratory variabilities of most analytes were higher than that of tar, nicotine and CO and 

some of them were remarkably higher.  Systematic error was observed in the inter-laboratory data.  It seems 

important to use long term data to better understand the inter-laboratory difference since the inter-laboratory 

differences in each study were highly varied. 

Japan Tobacco Inc., Product Quality Research Division, 6-2, Umegaoka, Aoba-Ku, Yokohama, Kanagawa 

227-8512, Japan. 

 

 

JOYEUX T.; LOUREAU J.M.; LE MOIGNE C.; LE BOURVELLEC G. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT09 

Migration of anions and cations from the tobacco into the cigarette paper. 

Differences in the content and the type of anions and cations in cigarette papers are often noted between 

what is added in the paper at the manufacturing stage, and what is found in the same paper taken from 

cigarettes after ageing. 

We also know that the amount and the type of burning agent in the cigarette paper have a strong influence on 

the carbon monoxide deliveries and on the ash appearance of the cigarettes.  This phenomenon of anions and 

cations migration could therefore modify the results expected from the initial paper. 

The objective of this work is to study the migration of the cations and the anions from the tobacco to the 

cigarette paper and to evaluate its impact on the CO yields in particular and on the ash appearance of the 

cigarettes. 

As cigarette paper generally contains potassium and/or sodium salts, we initially studied the migration 

kinetics of potassium and sodium cations.  Analyses were carried out by flame spectrophotometer.  Paper 

without burning agent and papers with various contents and various types of burning agent were used. 

The identification of the anions transferred from the tobacco to the cigarette paper was carried out by 

capillary electrophoresis analyses of papers taken from aged cigarettes. 

Finally, the impact of the anions and cations migrations on the CO yields and the ash appearance of the 

cigarettes is discussed and illustrated with several examples. 

Papeteries de Mauduit, Quimperlé, France. 

 

 

JOZA P.J.; SHARIFI M.; WU J.; RICKERT W.S. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS19 

Changes in the TSNA content of cigarette filler and mainstream smoke determined using an improved 

LC/MS/MS method. 

An improved LC-MS/MS method for the determination of tobacco specific nitrosamines has been developed, 

utilizing four internal deuterated standards instead of two.  This was found to be necessary due to an analyte 

dependent sample matrix effect, which can lead to both a decrease in accuracy and in precision.  In addition, 

two ion transition pairs (instead of one) were utilized, for confirmation and quantification.  The linear range 

for the method was from 0.5 to 200 ng/mL with an analyte dependent limit of detection of from 0.027 to 

0.049 ng/mL.  This method and Health Canada methods T111 (mainstream smoke) and T309 (cigarette 

filler) were applied to 6 brands of Canadian cigarettes (ISO tar 4 - 15 mg) collected in 2003, 2004 and 2005.  

Smoke yields of tar, nicotine, CO, benzo[a]pyrene, and selected volatiles were also determined as a basis for 

comparison (Health Canada methods T115, T103 and T116 respectively).  Yields of NNN, NNK, and NAT 

(expressed as ng/mg tar) all decreased by about 60% during this time period with smoke yields of NAB 

falling below detection limits.  During the same period, yields of other smoke constituents showed little 

change.  By 2005, levels of NNN, NNK and NAB in cigarette filler fell below detection limits.  

Consequently, with respect to Canadian cigarettes, significant progress has been made during the past three 

years in reducing the TSNA content of cigarette filler and yields in mainstream smoke. 

Labstat International Inc., 262 Manitou Drive, Kitchener, ON N2C 1L3, Canada. 

 

 

KO Dongkyun; LIM Heejin; SHIN Changho; LEE Youngtaeg; RHEE Moon-Soo 
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CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT05 

The influence of triacetin contents on the physical properties of carbon dual filter and on the delivery 

of mainstream smoke. 

In this study, we have investigated the influence of triacetin contents on the variation of physical properties 

of the filters, the characteristics of the activated carbon and the delivery amount of mainstream smoke.  The 

hardness, pressure drop of the filter rods having various triacetin contents and the specific surface area of the 

activated carbon added on the carbon part of the dual filter were analysed.  And we have analysed the 

adsorption efficiency of the vapour phase components in mainstream smoke with the change the 

characteristics of activated carbon by applying triacetin.  As a result of this study, the filter hardness was 

directly affected by the amounts of triacetin contents rather than the amount of loaded activated carbon, but 

the pressure drop was more affected by the amount of activated carbon.  The specific surface area of 

activated carbon was decreased with the increase of applied triacetin, and the delivery amount of HCN and 

aldehydes increased 93% and 27%, respectively.  It is well known that the decrease of the specific surface 

area of activated carbon affect the delivery amounts of vapour phase components in smoke through the 

carbon dual filter.  From these results, we could conclude that the increase of triacetin amount in the filter 

rods increased the filter hardness and the delivery amounts of vapour phase components because of reducing 

specific surface area of activated carbon. 

KT&G Central Research Institute, Yuseong-gu, Daejeon 305-805, South Korea. 

 

 

LE BEC L.; RIGOULAY C.; RAVERDY-LAMBERT D.; LE BOURVELLEC G. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT16 

Reconstituted tobacco treatment to reduce TSNA content of tobacco products - Part II: Effect of the 

treatment on TSNA and Hoffmann analytes in mainstream smoke. 

In part I, we have presented a treatment that reduces TSNA levels in tobacco during reconstitution and its 

effects on tobacco chemistry. 

The objective of this paper is to present the smoking results of the reconstituted tobacco treated to reduce the 

TSNA content.  TSNA and other smoke constituents from the Hoffmann list will be compared between a 

standard reconstituted tobacco and the same reconstituted tobacco after TSNA reduction treatment  

Transfer rates of NNN, NAT, NAB and NNK will be discussed.  A focus on the particular case of the NNK 

will be done.  Several assays were completed in the laboratory to better understand the NNK formation 

mechanism in mainstream smoke.  We will expose potential origin and precursors of the NNK in mainstream 

smoke.  The pyrosynthesis of NNK from nitrates during smoking and the presence of insoluble form of NNK 

or its precursor will be discussed in particular. 

Data collected suggest the presence of insoluble NNK or one of its precursors in tobacco.  That insoluble 

form of NNK or its precursors is most probably not taken into account by extraction protocols and analytical 

procedures currently used for TSNA analysis. 

LTR Industries, Le Mans, France. 

 

 

LEE Chang-Gook; LEE Jae-Gon; BAEK Shin; JANG Hee-Jin; KWON Young-Ju; KWAG Jae-Jin; 

RHEE Moon-Soo 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS17 

Pyrolysis study using tobacco matrix mimicking  real tobacco constituents by pyrolyzer-GC/MSD 

method: application to the pyrolysis of cigarette ingredients. 

Tobacco constituents, such as cellulose, lignin and pectin were blended with appropriate level to make 

matrix mimicking the real tobacco constituents of Burley and flue-cured tobacco.  The pyrolysis products of 

these matrices were determined by GC (HP 6890)/MS (HP 5973) after pyrolysis using Double-shot 

pyrolyzer (Frontier Lab.) at the temperature range from 300 °C to 800 °C with heating rate of 50 °C per 

minute.  The profiles of pyrolysate were compared with the smoke components profiles of cigarettes that 

were made of Burley and flue-cured leaf, respectively.  In the case of flue-cured mimicking matrix, more 

levoglucosan, D-gluconolactone, 1, 6-anhydro-ß-D-glucofuranose and furfural type components were found 
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in the pyrolysate than that of Burley mimicking.  Na2CO3 and K2CO3 as combustion promoter, and 2 

catalysts, Pt and Pd on alumina support, were pyrolysed with the matrix to inspect the effects of these potent 

ingredients on the process of pyrolysis.  Salts did not affect the pyrolysis process but catalyst significantly 

did, so the profile of pyrolysate component was largely altered from the blank.  The behavior of tobacco 

additives in smoking cigarette could be simulated by the pyrolyzer-GC/MSD method using the matrix 

mimicking the real tobacco leaf. 

KT&G Central Research Institute, Yuseong-gu, Daejeon 305-805, South Korea. 

 

 

LEE Jeong-Min; JANG Gi-Chul; LEE John-Tae; PARK Jin-Won; KIM Hyo-Keun; HWANG K.J. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST25 

Changes in unprotonated nicotine concentration in cigarette mainstream smoke with different levels of 

filter ventilation and smoking conditions. 

Nicotine in cigarette mainstream smoke exists in protonated and unprotonated forms, but there are few 

papers concerned with unprotonated nicotine.  The aim of this study was to quantify unprotonated nicotine in 

cigarette mainstream smoke and to investigate its relationship to smoke pH, level of filter ventilation, 

smoking conditions and type of smoking machine.  After smoking cigarettes, volatile constituents from TPM 

trapped on a Cambridge filter pad were absorbed by Carboxen/PDMS SPME fibre.  The SPME fibre was 

introduced into the inlet of the GC/MS, the volatiles desorbed, separated and nicotine quantified.  Ky2R4F, 

12 commercial brands from the Korean market and five test cigarette samples, which had the same tobacco 

blend with different levels of filter ventilation, were analyzed for unprotonated nicotine.  In the selected 

commercial cigarettes the amount of unprotonated nicotine was not significantly changed, but it was affected 

by the pH of cigarette smoke (measured as the pH of an aqueous solution of whole smoke with no 

Cambridge pad).  As the tar level increased, the concentration of total nicotine increased, but the 

unprotonated nicotine level decreased.  Filter ventilation in these commercial cigarettes was 28~80% and the 

higher filter ventilation increased relative unprotonated nicotine levels, but not significantly.  In five test 

cigarettes with the same tobacco blend but different filter ventilation (0%, 10%, 30%, 50% and 70%), 

unprotonated nicotine levels in cigarette mainstream smoke increased almost linearly with increasing level of 

filter ventilation, even though nicotine levels in cigarette mainstream smoke decreased with increasing level 

of filter ventilation.  Concentrations of unprotonated nicotine varied with smoking conditions (ISO, the 

Massachusetts Department of Public Health, and Health Canada) and type of smoking machine (linear and 

rotary type).  

KT&G Central Research Institute, Daejeon 305-805, South Korea. 

 

 

LOUREAU J.M.; JOYEUX T.; LE MOIGNE C.; LE BOURVELLEC G. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT08 

Characterisation and influence of the porous structure of cigarette paper on CO deliveries - Part II. 

The influence of the cigarette paper on carbon monoxide deliveries is well known.  The two major 

mechanisms are air dilution and CO diffusion through the cigarette paper.  If dilution is directly related to the 

air permeability of the paper, the CO diffusion is on the other hand strongly related to the porous structure of 

the paper. 

We demonstrated last year that the measurement of Diffusional Conductance Index (DCI) and measurement 

of gas diffusivity through the cigarette paper are efficient tools to evaluate the capacity of papers to diffuse 

CO. 

The objective of this presentation is to show the benefit of the use of these tools:  

We will first explain how the measurement of diffusivity can help to discriminate papers having identical 

characteristics, including especially the air permeability, but leading to different CO deliveries.  Examples 

will be given. 

Then, we will focus on the influence of paper weight (g/m
2
), filler content (%), filler weight (g/m

2
) and fibre 

weight (g/m
2
) on the papers capacity to diffuse CO.  Impact on CO deliveries and CO/tar ratio will be 

discussed. 



Smoke Science / Product Technology Abstracts  16 

We will finally demonstrate using examples that both the measurement of Diffusional Conductance Index of 

the papers or the measurement of gas diffusivity through the cigarette paper is a key approach to develop 

cigarette papers appropriate to low CO delivery cigarettes. 

Papeteries de Mauduit, Quimperlé, France. 

 

 

LU Hongliang; ZHAO Mingyue; LIU Huimin; YANG Shuyuan; CAI Junlan; ZHENG Hunan; 

LIANG Lili 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT18 

Analysis of neutral chemical constituents in flue-cured tobacco by GC×GC-TOFMS and GC-MS. 

Tobacco is a complex chemical matrix, thousands of constituents have been confirmed.  Neutral Chemical 

Constituents play important roles in cigarette taste.  In this paper, the neutral fraction in flue-cured tobacco 

extracted by SDE (simultaneous distillation and extraction apparatus) has been investigated by GC×GC-

TOFMS and GC-MS.  GC×GC-TOFMS was used to analyze tobacco for the first time.  The operation 

conditions of GC×GC-TOFMS were studied; column sets, modulation frequency, column pressure and initial 

temperature were optimized.  Yun85C3F, which is a kind of flue-cured tobacco, was analyzed in detail.  The 

results showed that GC×GC-TOFMS was more powerful than GC-MS in qualification and quantification 

studies.  73 constituents were identified in the neutral fraction by GC-MS, whereas 569 constituents were 

identified by GC×GC-TOFMS.  GC×GC-TOFMS was more accurate than GC-MS in qualifying unknown 

compounds; a peak in 1DGC spectrum was isolated into 6 peaks in GC×GC-TOFMS spectrum in the 

experiment.  The capacity of group classification was also discussed in analyzing C1-C4 alkyl-substituted 

naphthalenes.  So the capacity of separation and confirmation by GC×GC-TOFMS is stronger than GC-MS. 

Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou 450001, P.R. China. 

Technology Center of Xiamen Cigarette Factory, Fujian 361022, P.R. China. 
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How representative of the human smoking behaviour would be the new alternative smoking regimes? 

A first attempt of assessment. 

The ISO or FTC smoking conditions (35 mL - 2 s puffs, 1 puff per minute) have been more and more 

criticized during the last decade, especially because they would not reflect the human smoking behaviour.  

Their main objective was not to predict the exact yields that would be obtained by any smoker, but to enable 

to compare various cigarette products in terms of potential yields.  Recently, a working group (WG9) has 

been created by the ISO with the objective of defining a new smoking regime that would be more 

representative of the smoking behaviour.  After reviewing the literature on the question, 3 possible smoking 

regimes have been proposed, modifying the puff volume, the puff frequency, with a partial or a total filter 

vent blocking (WGA, B, and C).  In Canada, an alternative smoking regime is already requested with an 

intense regime and a total vent blocking (INT). 

The aim of the present study was to compare the tar and nicotine yields obtained by smokers under natural 

conditions (n=432, usual smokers of 4 different commercial brands of the French market) to the yields 

obtained with those brands using the 5 smoking regimes (ISO, WGA, WGB, WGC, and INT).  On average, 

the yields obtained by smokers were higher than the ISO yields, but lower than the lowest of the 4 alternative 

regimes.  Moreover, more than 95% of the smokers produced less tar and nicotine from their brand than the 

lowest yield of the 4 alternative regimes.  In conclusion, none of those alternative regimes should be 

considered to be more representative of the human smoking behaviour than the ISO one.  For low ventilated 

cigarettes such as in this study, they could rather predict the maximum level a smoker could produce from 

the cigarette. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 
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Functional relationships to explain mainstream smoke constituent yields for cigarette brands from the 

Japanese market and worldwide markets. 

The purpose of this study was to develop the functional relationships between mainstream smoke constituent 

yields and either tar, nicotine or CO yields for cigarette brands from worldwide market and to evaluate them 

statistically. 

Wide ranges of 221 commercial brands (171 JT group brands and 50 non JT group brands) were selected 

from the worldwide markets, which consisted of EU, Japan and other eight countries.  Variety of blend types 

such as American blended, Virginia blended, dark air-cured cigarettes were selected.  Tar, nicotine, CO and 

other 42 smoke constituents so-called Hoffmann analytes were analyzed under ISO smoking condition by 

one laboratory.  The simple linear regression models using either tar, nicotine or CO as an independent 

variable were developed in each constituent.  R
2
 and prediction interval at reference point were used to 

evaluate these models. 

Plain cigarettes and dark air-cured cigarettes were excluded from the data set as a result of exploratory data 

analysis.  Selenium, Nickel, Chromium, Lead and Arsenic were also excluded since the yields of these 

constituents were below the limit of detection or quantification.  Most of the mainstream smoke constituent 

yields except for nitrogen oxide (NO), tobacco-specific nitrosamines (TSNA) were generally well explained 

by simple linear regression models using either tar, nicotine or CO as an independent variable. 

Functional relationships were improved by using another independent variable.  For example, TSNA yields 

were well explained by the simple linear regression models using NO in mainstream smoke as an 

independent variable. 

Japan Tobacco Inc., Product Quality Research Division, 6-2, Umegaoka, Aoba-Ku, Yokohama, Kanagawa 

227-8512, Japan. 
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Characterization of cytotoxicity and gene expression profiles in BALB/c-3T3 cells exposed to whole 

smoke from a full-flavor or two PREP cigarettes. 

The purpose of this study was to evaluate and compare the cytotoxicity and gene expression profiles in cell 

cultures exposed to whole smoke generated from a full-flavor cigarette or two Potential Reduced-Exposure 

Products (PREPs).  Test 1 cigarette is a full flavor cigarette; Test 2 cigarette is a low tar cigarette and Test 3 

cigarette is an ultra-low tar cigarette.  Smoke from the Test 2 and Test 3 cigarettes have reduced free 

radicals, TSNA, and PAHs compared to the Test 1 cigarette.  In addition, a reference cigarette 2R4F was 

evaluated for cytotoxicity.  Neutral Red cytotoxicity assay was performed to determine relative cell death at 

each exposure concentration (N = 6).  LC50 was generated using wet total particular matter (WTPM), 

cigarette number, or nicotine concentrations.  The overall order of cytotoxicity was Test 1 >> 2R4F ≈ Test 2 

> Test 3, which is consistent with the chemistry constituent analysis data of each cigarette.  Cell culture 

samples were collected for RNA extraction at WTPM concentrations that gave similar nicotine 

concentrations.  Affymetrix mouse whole genome 430 2.0 array was used to characterize the gene expression 

profiles for each cigarette.  A total of 598 genes in Test 1, 176 genes in Test 2, and 234 genes in Test 3 

samples were differentially expressed compared to the concurrent sham controls.  The most significantly up-

regulated gene is CYP 1A1 in all three cigarette groups.  A common finding in all three cigarettes types was 

the increased glutathione biosynthesis and consumption.  Other major biological processes associated with 

the changed genes in Test 1 samples were DNA replication and cell cycle regulation; the same biological 

processes were much less affected in Test 2 and Test 3 samples.  In summary, both the cytotoxicity and the 

gene expression profile data demonstrated reduced biological effects for the Test 2 and Test 3 PREP 

cigarettes in BALB/c-3T3 Cells. 

Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou, P.R. China. 

Battelle Toxicology Northwest, Richland, WA, U.S.A. 

Battelle Biotechnology, Columbus, OH, U.S.A. 
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Discrimination of three tobacco types by application of Thermal Desorption/Photo Ionisation Time-of-

Flight Mass Spectrometry as well as investigation of sidestream smoke using Single Photon 

Ionisation/Time-of-Flight Mass Spectrometry. 

Recently, Pyrolysis Single Photon Ionisation/Time-of-Flight Mass spectrometry (Py-SPI-TOFMS) has been 

applied to differentiate between three major tobacco types, Burley, Virginia, and Oriental, respectively.  In 

doing so, tobacco samples have been pyrolyzed at 800 °C in nitrogen atmosphere.  In addition, this approach 

has been extended by replacing the harsh pyrolysis conditions with Thermal Desorption/Photo Ionisation 

Mass Spectrometry (TD/PI-MS) applying much milder thermal conditions.  The soft resonance-enhanced 

multiphoton ionisation (REMPI) as well as single photon ionisation (SPI) are applied, which in combination 

with time-of-flight mass spectrometry (TOFMS) are well suited for the sensitive and fragmentationless 

detection of polycyclic aromatic hydrocarbons (PAH), aliphatic and oxygenated hydrocarbons. 

Tobacco samples are heated sequentially to 190, 250, and 310 °C.  Evolved gases are guided via a heated 

deactivated quartz capillary into the ion source of the mass spectrometer.  TOFMS spectra are recorded as 

long as evaporated compounds are visible before moving on to the next temperature.  The spectra that can be 

allocated to each temperature are summed.  The mass spectra obtained have been analyzed by Principal 

Component Analysis (PCA) to distinguish between different tobacco types.  Prior variable reduction of the 

data set was carried out by calculation of the Fisher-Ratios.  Recognition of different tobacco types is 

possible by analyzing only a few key substances. 

Secondly, the same statistical approach was applied to the on-line analysis of sidestream smoke from 

cigarettes containing the aforementioned pure tobaccos.  Although the mass spectra obtained looked very 

similar to each other, a clear distinction is possible without much effort using the statistical tools.  Further 

improvements of the ionisation technique such as the development of electron-beam pumped rare-gas 

excimer VUV-lamp systems for SPI could lead to a rapid widely applicable technique for identifying distinct 

tobaccos. 

Analytical Chemistry, Institute of Physics, University of Augsburg, D-86159 Augsburg, Germany. 

Institute of Ecological Chemistry, GSF - National Research Centre for Environment and Health, D-85764 

Neuherberg, Germany. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 

BIfA - Bavarian Institute of Applied Environmental Research and Technology GmbH, Environmental 

Chemistry, D-86167 Augsburg, Germany. 
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Differences in the generation of 8-hydroxyguanine by cigarette smoke in calf-thymus DNA and in 

A549 cells. 

In this report we investigated the generation of 8-hydroxyguanine by cigarette smoke using calf-thymus 

DNA and A549 cells. 

At first, we exposed the calf-thymus DNA to cigarette smoke bubbled PBS and measured the amount of 8-

OhdG, which is the hydrolysate of 8-hydroxyguanine, so as to determine the generation of 8-

hydroxyguanine.  By the co-incubation of calf-thymus DNA and cigarette whole smoke bubbled PBS 

(CWSbP), we could observe the generation of 8-hydroxyguanine in a dose dependent manner.  But using 

cigarette gaseous vapour phase smoke bubbled PBS (GVPbP), the generation of 8-hydroxyguanine was not 

detected in calf-thymus DNA.  Next, we investigated the influence of cigarette smoke on the induction of 8-

hydroxyguanine in A549 cells.  By contrast to the reactivity in calf-thymus DNA, we observed an increased 

level of 8-hydroxyguanine upon exposure not only to CWSbP, but also to GVPbP. 

From these results, the generating mechanism of 8-hydroxyguanine seems to be different in calf-thymus 

DNA, as compared to A549 cells. 8-hydroxyguanine is thought to be generated from the reaction between 

guanine residue and the hydroxyradical.  In the ESR study, the hydroxyradical found in the cigarette particle 

phase was reported to be generated via Fenton reaction from the hydroperoxide, which was suggested to 

arise from the coupling reaction with hydroquinone.  In order to confirm the involvement of hydroquinone, 

we applied it to calf-thymus DNA and observed the increase of 8-hydroxyguanine in a dose dependent 

manner. 
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Further evidence was obtained from the calf-thymus DNA experiment, which indicates the involvement of 

Fenton reaction.  The increase of 8-hydroxyguanine induced by CWSbP was predominantly observed in the 

acidic pH-range, while it was inhibited by the iron ion chelator defferoxamine.  Different mechanisms for the 

increase in 8-hydroxyguanine by cigarette smoke inside the cells have been proposed, including indirect 

pathways. 

Japan Tobacco Inc., Tobacco Science Research Center, 6-2, Umegaoka, Aoba-ku, Yokohama, Kanagawa 

227-8512, Japan. 
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Estimation method for the amount of menthol escaping from a pack of cigarettes. 

During storage of tobacco product, menthol is redistributed among the tobacco, filter and paper 

independently of the application method, and permeates through the wrapping material.  Therefore, it is 

indispensable to develop an estimation method for the amount of menthol escaping from a pack during 

storage.  When an investigation of the escape rate is undertaken, the phase / state of menthol has to be 

specified at first; namely, if menthol exists in the solid phase, the vapour pressure within a pack should be 

equal to the saturated vapour pressure, and the vapour pressure would remain constant until the solid-phase 

menthol within a pack disappears.  However, if menthol exists in an adsorbed phase, the vapour pressure 

should be the equilibrium vapour pressure, and the pressure would decline with a decrease in the amount of 

adsorbed-phase menthol.  Therefore, the phases of menthol on the tobacco and the filter were analyzed by 

DSC measurements.  The results revealed that menthol was not deposited but adsorbed on them.  This 

conclusion was confirmed by the fact that the measured menthol distribution within a pack of on-market 

product was in good agreement with one calculated using the binary adsorption equilibria of menthol and 

water on tobacco and filter, which had been measured in advance.  In response to the above results, a 

mathematical model was developed which utilized the binary adsorption equilibrium relationship, the 

apparent diffusion coefficient through packed cigarettes, and the permeation coefficient of wrapping 

material.  The apparent diffusion coefficients were measured, assuming that the packed cigarettes could be 

treated as a uniform packed bed of tobacco shred, and the permeation coefficient was measured by the 

steady-state transfer method.  The calculated results of the menthol distribution inside a pack wrapped with 

paper were in sufficient agreement with the experimental ones.  Therefore, the amount of menthol escaping 

from a pack wrapped with an arbitrary material could be estimated once its permeation coefficient is 

measured. 

Japan Tobacco Inc., Tobacco Science Research Center, 6-2, Umegaoka, Aoba-ku, Yokohama, Kanagawa 

227-8512, Japan. 
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Application of isotope mass spectrometry to study fate and behaviour of ingredients applied on 

tobacco. 

The fate of ingredients on tobacco is of major interest and has been subject of many publications and 

CORESTA papers.  Pyrolysis experiments have been used to predict possible breakdown products formed 

and to estimate their possible contribution to Hoffmann Analytes yield.  However, reliable predictions are 

limited since combustion of ingredients on tobacco cannot be simulated by pyrolysis in a straightforward 

manner.  As an alternative, tracer experiments with radioactive (
14

C) or 
13

C labelled compounds have been 

described to track volatile and non-volatile ingredients and combustion products in mainstream and 

sidestream tobacco smoke. 

For this study 
13

C labelled vanillin, benzaldehyde and D-glucose were applied on tobacco and test cigarettes 

produced.  The cigarettes were smoked and smoke collected using the Sidestream Fishtail Chimney device.  

For the description of fate and behaviour of these ingredients, the 
13

C concentrations in CO, CO2 and volatile 

hydrocarbons were determined for mainstream and sidestream smoke, the smoked cigarette butt and ash.  

The 
12

C/
13

C ratio for the different smoking traps was determined using isotope mass spectrometry and the 
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contribution of tracer labelled ingredient to the natural abundance was estimated.  The newly developed 

experimental setup for the simultaneous determination of CO and CO2 and for oxidation of volatile 

hydrocarbons is described in detail. 

It was found that noticeable amounts of the volatile compound (benzaldehyde) are transferred into smoke 

without decomposition whereas the semi-volatile and non-volatile constituents (vanillin and glucose) 

contribute significantly to the 
13

C concentration in CO and CO2.  Based on the results it can be concluded 

that up to 85% of the labelled compounds can be accounted for in the different smoking traps, butt and ash. 

Imperial Tobacco Group, Reemtsma Cigarettenfabriken GmbH, Product Research, Albert-Einstein-Ring 7, 

D-22761 Hamburg, Germany. 
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Study on the tar fractionation method for mutagenic activity. 

Various studies have been conducted for the investigation of the factor/s responsible for tar Ames activity.  

For instance, Prefontain et al. evaluated Ames activity of tar obtained from the tobacco components applied 

to cut cellulose.  However, it is difficult for further investigation due to the complexity of cigarette tar. 

Therefore, in our study, we searched for a tar fractionation method based on previous studies (Grimmer et 

al., 1968), with maintained Ames activity of the Salmonella typhimurium TA 98 with S-9 mixture. 

Through our preliminary experiment, we found that Ames activity was diminished using water as a solvent. 

Therefore, three organic solvents, methanol, diethyl ether, and cyclohexane were used to fractionate tar 

instead of water.  First, tar was extracted from a Cambridge Pad with methanol, and the residue was 

extracted with cyclohexane (CL fraction).  Methanol solution was evaporated to dryness and extracted with 

diethyl ether (DES fraction).  The insoluble residue was dissolved with methanol (DEI fraction).  Finally, 

Ames activity of each fraction was evaluated by testing Ames activity.  As a result, the total Ames activities 

of each fractions (CL, DES, and DEI) contributing to the original tar were about 80% indicating that the 

middle polar solvent fraction such as the DES fraction maintained Ames activity. 

Furthermore, the DES fraction, which was a highly sustained fraction, was separated by the differences of 

polarity using a basic alumina column.  We found that Ames activities of middle polar fractions were also 

maintained about 80% against that of DES fraction. 

In our presentation, we will further discuss the relationship between the tar fractions and Ames activities. 

Japan Tobacco Inc., Tobacco Science Research Center, 6-2, Umegaoka, Aoba-ku, Yokohama, Kanagawa 

227-8512, Japan. 
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Skin-painting studies of cigarette smoke condensate in SENCAR mice for evaluating effect on tumour 

promotion of cigarette with ingredients. 

Four SENCAR mouse dermal studies were conducted with cigarette smoke condensate (CSC) preparations 

to evaluate the effect on tumour promotion of Test Cigarettes with ingredients compared with a Reference 

Cigarette.  Each independent study used a unique ingredient combination applied to tobacco at exaggerated 

levels, and in total resulted in an evaluation of 269 ingredients. 

Groups of 30 female mice were treated with a single topical application of either acetone (control) or 75-

microgram dimethylbenz(a)anthracene (DMBA) (tumour initiator) during Week 1.  Subsequent promoter 

dose administration of CSC or acetone (control) was performed up to three times per week from Week 2 to 

Week 30.  CSC samples were applied to mice to achieve doses of 4.5, 9, 18 and 36 mg 'tar'/application for 

Test Cigarette (with ingredients) and Reference Cigarette (without ingredients) groups in each study. 

At the end of 30 Weeks dosing, tumour latency was dose dependent with a longer time to onset for the lower 

dose groups compared with the higher dose groups; the responses were similar for both the Test and 

Reference Cigarette groups.  Within the CSC-treated groups in each study, the number of mice with tumours 

and the total number of epithelial tumours per group generally increased with increasing dosage.  There was 
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no meaningful difference in the incidence of mice with tumours, the multiplicity of tumours or the type of 

tumour histopathological evaluation when comparing any of the Test Cigarette CSC's to the results seen in 

mice treated with the Reference Cigarette CSC. 

In conclusion, there were no biological differences in the dermal tumour promotion potential of CSC from 

Test Cigarettes containing ingredients compared with a Reference Cigarette in these studies. 

Japan Tobacco Inc., 1-17-7, Yokokawa, Sumida-ku, Tokyo 130-8603, Japan. 

JT International S.A., 14 Chemin Rieu, CH-1211, Geneva 17, Switzerland. 

Battelle Memorial Institute, 505 King Avenue, Columbus, Ohio, U.S.A. 
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The effect of alternative smoking regimes on the selective removal of specific smoke components by 

cellulose acetate filters. 

A change from the standard to a more aggressive smoke testing regime produces a complex mix of changes 

in the cigarette, including changes in the delivery from the tobacco column to the filter and possibly in the 

filter's selectivity.  These changes lead to higher yields of most smoke components.   

A study presented at CORESTA in 2005 used published data to compare smoke yields of Hoffmann analytes 

under two different test regimes for several commercial cigarettes.  A 'Yield Ratio' was defined which relates 

the relative yield of an individual smoke component to the relative yield of nicotine-free dry particulate 

matter (tar).  For many of the smoke components, the yield ratio correlated well with ISO tar delivery for the 

cigarettes included in that study.  Furthermore, the slope of the relationship between yield ratio and ISO tar 

delivery appeared to be related to the component's physical properties.  These observations were based only 

on cigarette yield data so it was not possible to separate tobacco column effects from changes in the filter or 

ventilation system performance. 

In this work, several commercial cigarettes were analyzed at the standard (ISO) and intensive smoking 

conditions, and at a range of puff volumes and puff intervals with the filter vents closed.  The tobacco 

column delivery and filtration efficiency were determined for selected smoke components at each smoking 

condition.  Analysis of these data enables the role of selective filtration to be separated from other factors 

that affect the change in yield with alternative smoking regimes. 

Voridian England Limited, Siddick, Workington, Cumbria, CA14 1LG, U.K. 
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Responses of NCI-H292 lung epithelial cells to inhaled toxicants, a comparative study. 

Agents which are associated with lung inflammation, such as cigarette smoke and lipopolysaccharide (LPS), 

induce the production of pro-inflammatory chemokines in lung epithelial cells in vitro, and the induction of 

interleukin (IL)-8, in particular, is often used a measure of relative toxicity.  In this study we have compared 

mRNA expression and mediator release in NCI-H292 human lung epithelial cells exposed to lung toxicants, 

namely: cigarette smoke total particulate matter (TPM), LPS, bleomycin, diesel exhaust particles, residual oil 

fly ash (ROFA), carbon black and vanadyl sulphate.  Polystyrene, poly(methyl-methacrylate) and the TPM 

vehicle, dimethyl-sulphoxide were used as negative controls.  Confluent monolayers of H292 cells were 

exposed to serial dilutions of test agents in serum-free medium for 24 hours.  The conditioned medium was 

then removed and assayed for a range of pro-inflammatory cytokines and other selected mediators by 

Luminex technology.  The levels of gene expression of IL-8, matrix-metalloprotease-1 (MMP-1), the gel-

forming mucin MUC5AC, heparin-binding epidermal growth factor-like growth factor (HB-EGF) and the 

cytochrome P450s CYP1A1 and CYP1B1 were determined by quantitative-polymerase chain reaction.  All of 

the toxicants induced similar responses whereas the negative controls were largely ineffective.  Such a panel 

of biomarkers may enable an in vitro assessment of the potential to cause lung inflammation.  Moreover the 

use of several biomarkers could give a more accurate picture of toxicity than the determination of IL-8 alone, 

particularly in the case of agents such as TPM, where the conventional vehicle is found to have some 

biological activity. 
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British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 

 

 

NIE Cong; WU Ming; ZHANG Wei; MENG Qingnai; LIU Huimin 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST01 

Determination of starch in tobacco with enzymatic hydrolysis-continuous flow method. 

An enzymatic hydrolysis - continuous flow method for the determination of starch in tobacco was developed.  

The tobacco products were smashed and filtered by 100 mesh sieve.  The water-soluble sugars in tobacco 

were extracted with an 85% aqueous ethanol distillate.  The sample powder was heated in boiling water for 

gelation of starch, and then the strong base was added in solution to destroy the structure of the starch 

further.  In the presence of enzyme amyloglucosidase (AGS), the starch in tobacco was hydrolyzed to 

glucose at pH 4.6 in water bath at 56 °C for 90 minutes.  The final solvent after volume adjustment was 

analyzed through continuous flow analyzer to determine the content of the glucose.  The content of the starch 

can be calculated with that of the glucose.  The recovery of the starch was 96.6% and the relative standard 

deviations (n=7) were in the range of 1.52 ~ 4.08%, indicating that the method had the advantage of stability 

and exactness.  The method was compared with the enzymatic method (ISO 8451:91), the conventional 

acidic hydrolysis and iodine colorimetric methods.  The contents of the starch in 18 tobacco samples were 

also determined. 

Zhengzhou Tobacco Research Institute of CNTC, P.R. China. 

Tianjin Cigarette Factory, P.R. China. 
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Reactivity of gas/vapour phase (GVP) of cigarette smoke in the in vitro micronucleus assay. 

The Salmonella mutagenicity assay is widely used to assess the mutagenic potencies of cigarette smoke.  In 

addition, the use of in vitro micronucleus assay (MN) with mammalian cells for this purpose has been 

reported in recent years.  In the past reports, the total particulate matter (TPM) extracted with dimethyl 

sulphoxide (DMSO), whole smoke-bubbled phosphate-buffered saline (PBS) and whole smoke exposure 

system were used.  However, there is little information regarding the reactivity of GVP.  The objective of 

this study is to investigate the reactivity of the GVP on MN and to compare it with the reactivity of TPM. 

For the sample preparation, TPM was trapped on Cambridge filter pads and extracted with DMSO.  The rest 

of the smoke, which passed through the filter, was bubbled through ice-cold PBS to trap the water-soluble 

portion of the GVP. 

MN was conducted following the OECD Guideline 487 (draft).  CHL/IU cells were exposed for 3 hours to 

the TPM or the GVP with and without S9 metabolic activation, and followed by a 21-hour recovery.  Cells 

were fixed and stained with acridine orange.  A total of 2000 cells per concentration (1000 cells per culture; 

2 cultures per concentration) were scored for the presence of micronuclei. 

As a result, the GVP showed a dose-dependent micronucleus response as with the TPM both with and 

without metabolic activation.  Without S9 metabolic activation, 200 µg/mL of the TPM and 200 µg TPM 

equiv. /mL of the GVP induce 8% MN.  With S9 metabolic activation, 200 µg /mL TPM induces 8% MN.  

350 µg TPM equiv. /mL of the GVP induces 12% MN. 

In addition, we investigated the effect of charcoal in filters.  The results suggest that the activity of GVP is 

decreased by increasing the amount of charcoal in filters. 

Japan Tobacco Inc., Tobacco Science Research Center, 6-2, Umegaoka, Aoba-ku, Yokohama, Kanagawa 

227-8512, Japan. 
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Human bronchial epithelial cell transcriptome: gene expression changes following acute exposure to 

whole cigarette smoke in vitro. 
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Cigarette smoke is a complex mixture of over 4000 constituents.  Its effects on cell biology are poorly 

understood, partly because whole smoke exposure in vitro is technically challenging.  To investigate the 

effects of smoke on cell signalling and function, in this study a 3-D air-liquid interface model of 

tracheobronchial epithelium, grown from primary human lung epithelial cells, was exposed to air or one of 

two sub-toxic doses of whole mainstream cigarette smoke for 1 h in a purpose-designed chamber.  Gene 

expression profiles were then determined at 1, 6 and 24 h post exposure using Affymetrix microarrays.  Cells 

from three different donors were used in the study and the experiment was performed on three separate 

occasions for each donor.  Genes significantly and consistently up or down-regulated by smoke, compared to 

the air control, in all experiments were determined.  An effect of the low dose of smoke was observed at 6 h 

but gene expression profiles were similar to the air control at 24 h.  By comparison, the high dose of smoke 

induced irreversible changes in expression.  The gene lists for this dose were assigned to functional 

categories and mapped to signalling pathways.  Effects were observed on many cellular processes including 

xenobiotic metabolism, oxidant/antioxidant balance and DNA damage and repair.  Notably, there was very 

marked down-regulation of the transforming growth factor-beta pathway that has not been previously 

reported.  This study provides important data on the acute effects of whole cigarette smoke on mucociliary 

epithelium and may be used to gain a greater understanding of smoke toxicity. 

Advanced Technologies (Cambridge) Ltd., 210 Cambridge Science Park, Milton Road, Cambridge, CB4 

0WA, U.K. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 
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Measures of exposure to tobacco smoke and their relationships. 

In 1936, the first widely-used smoking machine enabled cigarette manufacturers to evaluate mainstream 

smoke yields.  In the late 1960s, smoking machine standards for tar and nicotine were specified by the FTC 

and ISO.  The purpose of the standards is to rank cigarette brands by mainstream yields generated under 

standard and reproducible conditions.  However, the machine smoking methods do not and were never 

intended to correspond to the yields created by individual smokers.  Therefore, the differences between 

human smoking and machine smoking have increasingly become a focus of interest and public debate. 

As tobacco companies are moving into the fields of Potentially Reduced Exposure Products (PREPs), diverse 

and more precise measurement tools are required.  Actual human smoking behaviour parameters are the 

obvious choice to evaluate inter- and intra-subject variability, constituent yields, and "compensation" as 

measured at mouth level by, for example, filter nicotine.  However, how many measurements are required to 

model human smoking?  Are puff profiles in combination with biomarkers the way forward to accurately 

measure cigarette intake and uptake?  

This review will critically analyze human smoking measures currently available by 1) precisely defining 

what information each method provides, in accordance with the CORESTA "Terms used for exposure to 

smoke" [Baker et al. Beiträge zur Tabakforschung International 21(4);Dec2004:250]; 2) comparing and 

contrasting measures of smoke exposure; and 3) assessing future needs in response to an expanding product 

portfolio. 

JT International SA, 14 Chemin Rieu, CH-1211 Geneva, Switzerland. 

 

 

RENFRO L.W. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS10 

The effect of filter parameters on the selective removal of some phenolic compounds by cellulose 

acetate filters. 

It is well known that cellulose acetate filters remove certain cigarette smoke components with a higher 

efficiency than that of nicotine free dry particulate matter (NFDPM).  Studies of this phenomenon, generally 

referred to as selective removal, frequently employ a selectivity index, Sx, defined as (1- ENFDPM)/(1- Ex), 

where ENFDPM and Ex are the removal efficiencies for NFDPM and a specific component respectively.   
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In a 2003 CORESTA paper, it was shown that the selectivity index could be related to a component's 

solubility parameters and vaporization rate but that Sx varied between different cigarette designs.  

Subsequent experiments have shown that the differences in selectivity between cigarette designs were due to 

differences in filter parameters rather than differences in tobacco columns. 

To help clarify the dependence of Sx on filter parameters, a more detailed study was undertaken as part of a 

joint project with British American Tobacco.  The study included three tow items, three plasticizer levels, 

and three filter lengths, which were evaluated with a constant tobacco column length.  The design of the 

study and main observations will be described in a separate paper by Winter, et al.  As an auxiliary to that 

study, the same filters were evaluated at constant cigarette length so that the longer filters were tested with 

proportionally shorter tobacco columns.  It was found that the differences in tobacco column length had no 

effect on the removal efficiency of NFDPM or of several phenolic compounds.  It was also found that the log 

of one minus the efficiency is linearly related to filter length for the phenolic compounds as well as for 

NFDPM, and that the slope of the relationship is linear with the square root of the plasticizer level. 

These observations, together with the conclusions from the BAT study, provide a quantitative description of 

the relationships between filter parameters and the removal of phenolic compounds and provide the basis for 

an improved parameter for estimating selective removal. 

Eastman Chemical Company, P.O. Box 2002, Kingsport, TN 37662, U.S.A. 

 

 

RICKERT W.S. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS05 

Alternative smoking regimes: an investigation of quantitative and qualitative variations in responses. 

Variability in yields of tar, nicotine and CO as a function of smoking regime was assessed by a re-

examination of previous data from 115 brands of Canadian cigarettes smoked under 5 regimes.  Here average 

standard deviations for tar yields increased from about 1 to 3.4 mg/cig when the smoking regime was 

changed from ISO to Canadian 'intense' (puff volume, 55 mL; interval, 30 s; duration, 2 s).  This increase 

was due largely to 1) the necessity for a decrease in the number of cigarettes smoked per pad to avoid pad 

break through and 2) a 10-fold increase in the variability of water determinations which has other 

consequences.  Under 'intense' smoking conditions, it was found that the percentage of water in TPM 

collected using a linear 20 port smoking machine was much greater than that determined using a rotary 

machine.  This could account for the reported loss of repeatability of the 20 port linear under 'intense' 

smoking conditions.  With respect to other analytes, an examination of yields under 'intense' conditions 

clearly demonstrated that the Canadian 'intense' regime does not "approximate the maximum exposure level 

to which an ordinary smoker could reasonably be expected to be subject".  For example, the concentration of 

4-aminobiphenyl in mainstream smoke decreased by about 25% when conditions were changed from ISO to 

'intense' while some compounds remained constant and others increased.  This is also true of biological 

response where mutagenicity decreases but cytotoxicity increases under the Canadian 'intense' regime.  This 

type of observation may be useful since compounds whose concentration tracks biological response are 

clearly candidates for further study. 

Labstat International Inc., 262 Manitou Drive, Kitchener, ON N2C 1L3, Canada. 

 

 

RIGOULAY C.; LE BEC L.; RAVERDY-LAMBERT D.; LE BOURVELLEC G. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT15 

Reconstituted tobacco treatment to reduce TSNA content of tobacco products - Part I: Tobacco 

treatment during reconstitution. 

A lot of effort has been devoted since several years to reduce tobacco specific nitrosamines (TSNA) in 

tobacco products.  Tobacco breeding, cultural and curing practices have been improved to prevent TSNA 

formation.  The paper making reconstitution of tobacco can also be used to reduce TSNA levels in 

reconstituted tobacco and thus in tobacco blends. 

We will describe a treatment designed to reduce the TSNA content of tobacco.  During papermaking tobacco 

reconstitution, tobacco is usually extracted with water.  Tobacco extracts are separated from the insoluble 

residue.  As TSNA are water soluble, the tobacco extracts contain most of the TSNA.  The treatment consists 
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in the elimination of the TSNA from the tobacco soluble fraction by contacting tobacco soluble with an 

adsorbent.  After concentration, tobacco extracts with reduced TSNA are applied on fibers to form 

reconstituted tobacco. 

We will present various adsorbents that can be used to reduce TSNA and their characteristics.  Their 

selectivity to the TSNA and alkaloids will also be discussed.  Industrial and Laboratory tests will be 

described. 

The effect of the TSNA reduction treatment on tobacco chemistry (TSNA, nicotine and secondary alkaloids 

in particular) will be presented and discussed for different kind of tobaccos. 

LTR Industries, Le Mans, France. 

 

 

ROLANDO C.; CANTAIS F.; EMAMI I. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS20 

Precise identification of free radicals in cigarette smoke by exact mass measurement using nano-LC, 

nanoESI FT-MS/MS. 

Free radicals are involved in a wide variety of ageing disease like cancer, cardiovascular disease and 

atherosclerosis.  However, the molecular structure of free radicals that are contained in smoke is still the 

object of many controversies.  This state prompts us to identify free radicals in cigarette smoke in order to 

optimize and quantify their removal.  Free radicals are usually analyzed by ESR after trapping by a spin-trap 

leading to many pitfalls.  We developed a new methodology based on liquid chromatography, mass 

spectrometry (LC-MS and LC-MS/MS) for the identification and quantification of free radical-spin trap 

adducts.  The main advantage of this method is its ability to detect also ESR silent adducts which has been 

oxidized or reduced after the trapping.  By using spin traps which are specific for the trapping of C or O 

centered free radicals we thus identify unambiguously OH° and CH3° radicals.  However the very low 

amount of radicals still does not allow to identify precisely the structure of many peaks.  We described here a 

dramatic improvement of our methodology by using the combination of two more powerful analytical 

technologies: (i) nano-LC fitted with 75 microns column for separation which allows a shorter time of 

analysis and higher sensitivity and (ii) FT-MS (and MS/MS) at resolution (m/∆m) higher than 10
6
 which 

allows to get the molecular formula (CxHyOzNvSw) of each compound.  Using this new methodology we were 

able to ascertain the presence of CN° and NO2° radicals.  The structure of more complex free radicals at 

higher molecular mass is currently under investigation by comparison of spectra obtained from cigarette 

smoke with those from authentic free radicals generated chemically. 

Université des Sciences et Technologies de Lille, COM Chimie Organique et Macromoélculaire, UMR CNRS 

8009, 59655 Villeneuve d'Ascq cedex, France. 

Biosyntech, 5 rue de Médicis, 75006 Paris, France. 
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Proteomics study of the influence of cigarette smoke free radicals on culture cells. 

The influence of cigarette smoke free radicals on cell lines has been investigated in vitro by many methods: 

Ames tests for detecting mutagenesis; DNA adducts formation and more recently gene expression using 

RNA arrays.  To the best of our knowledge, proteomics has not been used for investigating the influence of 

cigarette smoke components.  Indeed, proteomics studies are very complementary to transcriptomics studies, 

as they give access to the modification of protein expression in cells under various conditions.  Our first 

investigations were performed on MCF-7 cells that are well known in our laboratory.  Untreated cells, cells 

incubated with conventional cigarette smoke solution and with free radical depleted cigarette smoke solution 

were compared.  We used difference in-gel electrophoresis (DIGE) based on labelling proteins from treated 

and untreated cells by fluoresced reagent Cy3 and Cy5 and co-migrating the proteins in order to identify the 

differentially expressed proteins.  The image analysis revealed that several hundred proteins are differentially 

expressed and several tenth changes in post-translational modification profiles.  The more dramatic change is 

observed between cells treated with native and free radicals depleted cigarette smoke solution.  We then 

identified the more intense differentially expressed proteins using peptide mass fingerprinting.  Briefly, spots 
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are excised, proteins are digested in gel, the peptide eluted and analyzed by MALDI-TOF mass 

spectrometry.  The proteins are then identified by comparing in silico digestion of proteins contained in data 

bank and the experimental spectrum using a search engine, in our case Mascot.  All the identified proteins 

behave to the oxidative stress pathway.  Nano-LC-nano-ESI MS/MS on our 9.4 Tesla FT-MS instrument 

which allows to separate each individual peptide and to sequence it was further used to confirm those 

identifications and to investigate the post-translational modifications.  Dose-response relationships and use of 

more relevant cell lines are currently under investigation in our laboratory. 

Université des Sciences et Technologies de Lille, COM Chimie Organique et Macromoélculaire, UMR CNRS 

8009, 59655 Villeneuve d'Ascq Cedex, France. 

Biosyntech, 5 rue de Médicis, 75006 Paris, France. 

 

 

ROSE N.; ZIMMERMANN R. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PTPOST01 

Coupling of a standard smoke machine and fast photo-ionisation time-of-flight mass spectrometry 

(TOFMS). 

The chemical properties of tobacco smoke are changing very rapidly during the smoking process, a real time 

analysis is required to better understand the chemistry of smoking.  Puff-resolved analysis of tobacco smoke 

can be done by conventional off-line analysis methods, but can be difficult and time-consuming.  For fast on-

line, real-time measurements of the tobacco smoking process, time-of-flight mass spectrometry (TOFMS) is 

the optimal method, as only TOFMS can record simultaneously a range of masses at the required very high 

measurement rates and precision. 

First results and expectations for the future will be presented.  This poster describes the coupling of an 

innovative ultra compact TOFMS system to a standard smoke machine. 

Borgwaldt KC GmbH, D-22525 Hamburg, Germany. 

Analytical Chemistry, Institute of Physics, University of Augsburg, D-86159 Augsburg, Germany. 

 

 

SCHERER G.; HAGEDORN H.W.; URBAN M.; ENGL J.; KAVVADIAS D. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS35 

Is exhaled breath condensate (EBD) a suitable biological matrix for the determination of smoking-

related biomarkers of early biological effects? 

Exhaled breath condensate (EBC) is a non-invasively derived biological matrix, which is considered to 

reflect the composition of the lung lining fluid of various areas of the respiratory tract.  EBC has been 

successfully used for the detection of biochemical changes in the respiratory tract of patients with lung 

diseases.  Biomarkers in EBC could potentially be used as early indicators of smoking-related biologically 

effects in the airways such as oxidative stress and inflammation.  Suitable biomarkers in EBC would be 

valuable for testing the effectiveness of potentially reduced exposure products (PREPs).  Elevated levels of 

biomarkers of oxidative stress (e.g. hydrogen peroxide, aldehydes, isoprostanes) and inflammation (e.g. 

interleukine (IL) 6, TNF-α, leukotriene (LT) B4) have been reported for smokers compared to non-smokers.  

However, no standard procedures for collection, analysis, and normalization of EBC samples are available 

by now.  Furthermore, dose and time dependency of smoking-related effects on EBC biomarkers have not 

yet been investigated. 

Our studies are focused on the quantification of the following biomarkers in EBC: Urea (for normalization of 

the extent of dilution of EBC; method: GC-MS after derivatization), LTB4 (method: LC-MS/MS after 

derivatization), aldehydes (acrolein, crotonaldehyde, malondialdehyde, hexanal, heptanal, nonanal, 4-

hydroxy-hexenal, 4-hydroxy-nonenal; method: GC-MS after derivatization), 3-nitrotyrosine (method: LC-

MS/MS after derivatization), IL 6 (method: ELISA), and TNF-α (method: ELISA).  In addition, two 

different sampling devices for EBC collection have been tested: ECoScreen® (Jaeger GmbH, Hoechstadt, 

Germany) and RTube® (Respiratory Research, Inc., Austin, Texas, U.S.A.).  The analytical methods for the 

various biomarkers performed well (precision < 10%, sensitivity sufficient for quantitation of the analytes in 

EBC).  Validation of the EBC biomarkers in terms of their responsiveness to acute and chronic smoking is in 

progress. 
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ABF Analytisch-Biologisches Forschungslabor GmbH, Munich, Germany. 

 

 

SCHÜTZ E. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT03 

Effects of granular additives dispersed in acetate filters. 

Acetate filters with dispersed active carbon granules are more and more used in cigarettes with high retention 

of volatiles.  These so called dalmatian filters are constructed with very different Filter Tow items and 

different types of charcoal granules.  Dalmatian filters are used for the whole range of cigarettes from low up 

to high tar deliveries. 

In this context the purpose of this paper is to present studies which investigate the influence of absorbent 

granule characteristics, Filter Tow specifications and filter construction on pressure drop and tar retention.  

In particular: 

- a quantitative model for the prediction of pressure drop as function of Filter Tow specification and the 

granule characteristics (size, density, quantity), 

- quantitative description of tar retention as function of Filter Tow specification and granule size and   

- a discussion of tar filtration mechanism addressing particle size and surface structures of the granules are 

presented. 

The studies comprise Filter Tow items ranging from 1.5 to 5 denier per filament.  Granules from active 

carbon and glass pearls with diameters ranging from 0.2 to 1 mm diameter are compared.  The filtration 

performance was analysed with real smoke and a paraffin model aerosol. 

While the retention of volatiles is largely governed by the quantity and nature of the absorbent only, both 

Filter Tow and absorbents contribute significantly to pressure drop and tar retention.  The dependence of 

retention on Filter Tow filament dimensions does however not extend to the granule size. 

Rhodia Acetow GmbH, Engesserstr. 8, D-79108 Freiburg, Germany. 

 

 

SENNECA O.; SCAMARDELLA A.M.; CIARAVOLO S.; LIONETTI G.; NUNZIATA A. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST13 

Thermal decomposition of pesticides in the presence of oxygen.  Part B: benzimidazolyl carbamates. 

The paper addresses thermal decomposition under oxidative conditions of two largely used fungicides, 

belonging to the family of benzimidazolylcarbamates, namely Benomyl (methyl 1-

(butylcarbamoyl)benzimidazol-2-ylcarbamate) and Carbendazim (methyl benzimidazol-2-ylcarbamate). 

The work is part of a series of papers on thermal degradation under oxidative conditions of different types of 

pesticides, including oxime carbamates (1): pyrethroids (2); pesticides containing one aromatic ring (3). 

Benomyl and Carbendazim are extensively used in agricultural practices as systemic fungicides, for post-

harvest fruits storage and as a seed pre-planting treatment.  They are effective against fungal diseases of 

arable crops, fruits and vegetables. 

Both Benomyl and Carbendazim are considered as potentially harmful for human health. 

The experimental work consists of non isothermal thermogravimetric analysis with 5% oxygen in helium, 

using a TG-MS system equipped with a Skimmer device that ensures the simultaneity of the 

thermogravimetric analysis and of the analysis of evolved gas. 

The TG-DTG curves have been collected for each of the compounds and the MS spectral data has been 

compared with NIST spectrum database to verify similarity or differences in fragmentations. 

Experimental results indicate that upon heating in an oxidizing atmosphere Benomyl and Carbendazim 

undergo multiple stages of decomposition.  In particular Benomyl has a first decomposition stage at 120 °C 

that is absent for Carbendazim.  This difference is probably caused by differences in molecular structures.  

After this first decomposition stage both Benomyl and Carbendazim molecule become similar at all with the 

same TG-DTG and MS curve profiles. 

Institute of Research on Combustion - National Research Council, P.le V. Tecchio 80 - 80125 Naples - Italy. 

Chemical Engineering Dept., University "Federico II" - Naples, P.le V. Tecchio 80 - 80125 Naples - Italy. 

B.A.T. Italy S.p.A. - R & D, c/o University "Federico II", Chemistry Dept., Complesso di Monte S. Angelo, 

Via Cinthia, 45 -80126 Naples - Italy. 
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SENNECA O.; SCHERILLO F.; CIARAVOLO S.; LIONETTI G.; MODESTIA F.; NUNZIATA A. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST15 

Thermal decomposition of pesticides in the presence of oxygen.  Part D: pesticides containing one 

aromatic ring. 

The work is part of a series of papers on thermal degradation of different types of pesticides, including oxime 

carbamates (1), pyrethroids (2), benzimidazolyl carbamates (3). 

The paper addresses thermal decomposition under oxidative conditions of five pesticides, namely: Iprodione, 

Chlorothalonil, Procymidone, Butralin, Maleic Hydrazide (1,2-dihydro-3,6-pyridazinedione).  These five 

substances belong to different categories of pesticides, including dinitroaniline herbicides, dichlorophenyl 

dicarboximides fungicides, imidazole fungicides and plant growth inhibitors.  However they share as a 

common feature the presence of one aromatic (heterocyclic in one case) ring within their structure. 

The experimental work consists of non-isothermal thermogravimetric analysis with 5% oxygen in helium, 

using a TG-MS system equipped with a Skimmer device that ensures the simultaneity of the 

thermogravimetric analysis and of the analysis of evolved gas. 

For all the investigated samples experimental results indicate that two different temperature regions can be 

distinguished across 300 °C.  In the range 150-300 °C a complete weight loss is registered by the TG.  The 

MS curves of all samples register a major peak in coincidence with the weight loss but the experimental 

spectra are significantly different from spectra published in NIST database.  Above 300 °C the TG registers 

little or negligible weight loss, nevertheless the MS still detects the release of several chemical species.  

Probably pyrolysis products are not all transferred to the MS effectively. 

The appearance of long tails in the MS curves and of even a second peak (in the case of Iprodion) suggests 

that some heavy and sticky products deposit on the furnace and on the Skimmer walls and are transferred to 

the MS further on.  In the high temperature region the presence of oxygen promotes oxidation reactions of 

the stuck material leading to formation of CO2, CO, H2O and NO (m/e 44, 28, 18, 30). 

Institute of Research on Combustion - National Research Council, P.le V. Tecchio 80 - 80125 Naples - Italy. 

B.A.T. Italy S.p.A. - R & D, c/o University "Federico II", Chemistry Dept., Complesso di Monte S. Angelo, 

Via Cinthia, 45 -80126 Naples - Italy. 
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Thermal decomposition of pesticides in the presence of oxygen.  Part A: oxime carbamates. 

The present work is part of a series of papers (1-3) dealing with the breakdown of pesticides into different 

chemical species upon heating in the presence of oxygen.  Heating up of pesticides in the presence of oxygen 

occurs when cooking poisoned vegetables and when toasting or smoking tobacco, resulting in a possible 

harm to human health (4). 

The paper addresses thermal decomposition under oxidative conditions of three largely used Aldoxime 

carbamate insecticides:  

Aldicarb (2-methyl-2-(methylthio)propionaldehyde O-methylcarbamoyloxime), Aldicarb sulfone (2-mesyl-

2-methylpropionaldehyde O-methylcarbamoyloxime) and Aldicarb sulfoxide (2-mesyl-2-

methylpropionaldehyde O-methylcarbamoyloxime). 

Different decomposition ways have been suggested for aldoximes, and the aim of this work is to gather more 

information on thermal decomposition pathway of these compounds in an oxygen containing atmosphere.  

The experimental work consists of non isothermal thermogravimetric analysis with 5% oxygen in helium, 

using a TG-MS system equipped with a Skimmer device that ensures the simultaneity of the 

thermogravimetric analysis and of the analysis of evolved gas. 

The TG-DTG curves have been collected for each of the compounds and the MS spectral data has been 

compared with NIST spectrum data base. 

The experimental results give indication that the three examined pesticides undergo thermal degradation 

starting at about 150 °C.  The pattern of thermal degradation as regards the fragmentation of the left side of 

the molecule is very similar for the three compounds.  The fragmentation of the right hand side of the 
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molecule produces instead somewhat different sulphur containing species.  The role of oxygen in the 

reaction environment upon heating seems to be of minor importance. 

Institute of Research on Combustion - National Research Council, P.le V. Tecchio 80 - 80125 Naples - Italy. 

B.A.T. Italy S.p.A. - R & D, c/o University "Federico II", Chemistry Dept., Complesso di Monte S. Angelo, 

Via Cinthia, 45 -80126 Naples - Italy. 
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Thermal decomposition of pesticides in the presence of oxygen.  Part C: pyrethroids. 

The work is part of a series of papers on thermal degradation under oxidative conditions of different types of 

pesticides (1-3). 

In the present paper a set of six synthetic pyrethroids has been investigated as regards their degradation 

pattern and their degradation products upon heating in an oxidizing environment. 

In particular the following compounds have been studied: Permethrin, α-Cypermethrin, λ-Cyalothrin, 

Deltamethrin, Fenvalerate and τ-Fluvalinate. 

From the structural point of view all these six compounds contain an ester group and a diphenyl ether, and 

four out of six contain also a cyclopropane.  We are interested in to correlate similarities and differences in 

decomposition pathway of pyrethroids to their specific chemical structures. 

The experimental work consists of non-isothermal thermogravimetric analysis with 5% oxygen in helium, 

using a TG-MS system equipped with a Skimmer device that ensures the simultaneity of the 

thermogravimetric analysis and of the analysis of evolved gas. 

The TG-DTG curves have been collected for each of the compounds and the MS spectral data has been 

compared with NIST spectrum database to verify similarity or differences in fragmentations. 

Experimental results indicate that upon heating in an oxidizing atmosphere pyrethoids undergo evaporation, 

oxidative pyrolysis and char combustion.  Evaporation occurs around 250-300 °C, sometimes in parallel with 

oxidative pyrolysis.  As the temperature is increased above 350-400 °C a more extensive degradation process 

takes place with formation of low molecular weight species.  Oxidation, and associated production of CO, 

CO2 H2O, dominates as the temperature is raised above 400-500 °C. 

Institute of Research on Combustion - National Research Council, P.le V. Tecchio 80 - 80125 Naples - Italy. 

B.A.T. Italy S.p.A. - R & D, c/o University "Federico II", Chemistry Dept., Complesso di Monte S. Angelo, 

Via Cinthia, 45 -80126 Naples - Italy. 
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Real-time on-line characterisation of selected Hoffmann analytes in inhaled and exhaled cigarette 

smoke (Mouthspace) by photo ionisation time-of-flight mass spectrometry. 

Chemical composition of cigarette smoke has been extensively researched in the past mostly using off-line 

methods such as GC/MS or HPLC.  Often the smoke was already aged and altered by the sampling/trapping 

when it was analyzed.  It is known that many substances in smoke build up and decay as the smoke ages.  

For most, if not all, of the health relevant chemicals in smoke, there is no reliable data on the concentrations 

at the point they enter the smoker's respiratory tract.  There is thus a major need for rapid on-line monitoring 

of toxic compounds in cigarette smoke to investigate their formation mechanisms and dynamic fluctuations.  

Especially studying the influence of the smoking behaviour of human smokers on the formation of toxic 

compounds is particularly interesting. 

Laser mass spectrometry, based on resonance multiphoton ionization (REMPI) and single photon ionization 

(SPI) combined with time-of-flight mass spectrometry (TOFMS) has been proven to be a valuable tool for 

the direct real time analysis of health relevant smoke components in main- and sidestream smoke.  These 

analytical methods have been applied for the puff-by-puff resolved analysis of inhaled smoke (mouthspace 

analysis).  This required the development and characterisation of a new sampling setup for the inhaled/ 

exhaled smoke or breath-air with SPI/REMPI-TOFMS.  Cigarettes containing tobaccos exhibiting different 

tar and nicotine content ("Light" and "Full Flavour") are smoked by test persons and the time dependent 
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trends of selected Hoffmann analytes are recorded in the inhaled or exhaled smoke.  Furthermore breath 

analyses of smokers and non-smokers were performed.  In the lecture first mouth space analysis and breath 

analysis data is shown and interpreted. 

Analytical Chemistry, Institute of Physics, University of Augsburg, D-86159 Augsburg, Germany. 

Institute of Ecological Chemistry, GSF - National Research Centre for Environment and Health, D-85764 

Neuherberg, Germany. 

BIfA - Bavarian Institute of Applied Environmental Research and Technology GmbH, Environmental 

Chemistry, D-86167 Augsburg, Germany. 
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Evaluation of the effects of the mechanical pressing on the raw materials of reconstituted tobacco 

sheet. 

The object of this study is to evaluate the response and the change of the raw materials of RECON by the 

mechanical pressing.  The mechanical separation of the soluble from the insoluble is a very important 

process in the papermaking process for a reconstituted tobacco sheet (RECON), which could affect not only 

the quality of final RECON product but also the stability and the productivity of whole RECON process.  

Especially, the effects of the type of raw materials on the extractability were investigated.  The washing of 

the filter cake after screw pressing was applied to quantify the amount of the residual extract.  The 

application of this method to a mill analysis showed that the difference in the hot water soluble of the filter 

cake before and after the washing treatment could be used as a new index of the practical efficiency of the 

mechanical pressing.  The pressing response of each raw material depending on the size was also 

investigated by using the fractionation method.  The weight fraction of the residual extract depending on the 

size of stock components showed the different value from 8% to 11%, although all raw materials went 

through same processes.  The effects of the pulping conditions and the characteristics of the adding water on 

the extractability were also investigated.  Those results indicated there was a limit in the soluble separation 

by the mechanical pressing.  The limits were different depending on the raw materials of the RECON and the 

efficiency of the mechanical pressing could be improved by optimizing the process conditions. 

KT&G Central Research Institute, Yuseong-gu, Daejeon 305-805, South Korea. 
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Heterocyclic aromatic amines in cigarettes smoke: chemical and biological assessments. 

To explicit the contribution of Heterocyclic Aromatic Amines (HAA) on the toxicity of mainstream cigarette 

smoke, both developments of chemical and biological analyses are required. 

The successful of HAA (IQ, MeIQ, Trp-P-1, Trp-P-2, Glu-P-1, Glu-P-2, AαC, MeAαC and PhIP) 

determination depends largely on the detection sensitivity and selectivity.  Chemical Methods involving 

multi-steps purification and concentration have been published.  They were no longer exhaustive when the 

required sensibility was achieved
[1]

.  High-performance liquid chromatography with tandem mass 

spectrometry (HPLC-ESI/MS/MS) appears to be the most efficient method with both exhaustiveness and 

high sensitivity based on standard responses
[2]

.  Applied to 2R4F cigarette smoke condensate after buffer pH 

3.2 extraction, the major HAA (AαC) can be detected.  For the trace level HAA, efforts are made to develop 

an efficient Solid Phase Extraction (SPE) purification taking into account the very heterogeneous proprieties 

of HAA.  SPE trials with different supports are reported with emphasis on their selectivity (including Blue 

Rayon, Molecular Imprinted Polymer).  Analyses are performed by internal standard calibration (labeled IQ 

and PhIP) in the Multi-Reaction Monitoring mode. 

Biological activity was assessed with Ames test using Salmonella typhimurium (TA98) with the 

preincubation method, and in presence or in absence of activation system (S9).  This study was restricted to 

IQ and MeIQ. 

When IQ was incubated with 2R4F smoke condensate (2R4FCSC), both in presence of S9 (so-called 

"activated"), the mutagenic activity decreased to 47% compared with activated-2R4FCSC tested alone.  These 
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results suggest that activated-IQ or activated-2R4FCSC acts respectively as antimutagen on activated-2R4FCSC 

or on activated-IQ. 

Without S9 (so-called "non-activated"), no mutagenic activity was observed when 2R4FCSC and IQ were 

combined. 

When non-activated-2R4FCSC was combined with activated-IQ, the mutagenic activity was as high as with 

activated-2R4FCSC tested alone.  This observation suggests that activated-IQ reacts with co-mutagen 

compounds contained in the non-activated-2R4FCSC to spread out the mutagenicity of the 2R4FCSC.  Same 

results were observed with MeIQ. 

In conclusion we observed that the contribution of HAA mutagenicity onto 2R4F smoke condensate was S9-

dependent. 

References:  [1] H. Kataoka, Methods for the determination of mutagenic heterocyclic amines and their applications in environmental 

analysis, J. of chromatogr. A, 774 (1997) 121-142;  [2] E. Barcelo-Barrachina, E. Moyano, L. Puignou, M.T. Galceran, Evaluation of 

different liquid chromatography-electrospray mass spectrometry systems for the analysis of heterocyclic amines, J. Chromatogr. A 

1023 (2004) 67-78. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 
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The influence of pre-cursor materials on the properties of various activated carbons. 

Activated carbon is the most adsorbent material known to man and its use in cigarette filters towards the 

removal of volatile contaminants in smoke is now well established within the tobacco industry. 

Activated carbon is a non-graphite form of carbon that can be produced from any carbonaceous raw material 

such as coal, lignite, wood, peat, coconut shell, petroleum coke, bones and fruit nuts.  Although anthracite 

and bituminous coals are the major sources, activated carbon manufactured from coconut shells has 

traditionally been preferred within the tobacco industry, due to its highly microporous structure rendering it 

more efficient for the adsorption of vapours and gases. 

As a result of droughts, diseases, pests, increased cultivation of palm trees in lieu of coconut trees and the 

devastating South East Asian earthquake; the commercial availability of coconuts has hit record lows, more 

than twice in the last decade. 

This study involves a thorough investigation of activated carbons derived from different precursor materials; 

including wood, coconut shell, coal, peat and more exotic materials such as almond shells, olive stones and 

synthetic carbon produced from the carbonisation of polymeric resin beads.  The carbons are assessed on 

their ability to reduce volatile aldehydes, hydrocarbons, ketones, phenolic compounds and semi-volatile 

bases in cigarette smoke; in comparison with the industry standard carbon, which is derived from waste 

coconut shells.  In addition, physical properties such as micropore and mesopore distribution, cyclohexane 

activity, moisture content, density and pH are also reported. 

The advantages and disadvantages of each activated carbon type will be discussed for their potential use in 

cigarette filters. 

Filtrona Technology Centre, Shaftsbury Avenue, Jarrow, Tyne and Wear, NE32 3UP, U.K. 

 

 

THORNE D.; HASWELL L.; FIEBELKORN S.; BREHENY D.; RICHTER A. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SSPOST24 

Development of an in vitro alternative model for the measurement of cigarette smoke induced DNA 

damage using 3-D human lung cell cultures. 

Cigarette smoking has been associated with the development of lung cancer and chronic obstructive 

pulmonary disease, which may be linked to the oxidative damage of biomolecules and DNA, through direct 

or indirect mechanisms.  The modified in vitro Comet assay was used in conjunction with a whole smoke 

exposure platform as a method of investigating these potential effects of cigarette smoke on DNA damage.  

Previous studies using the Comet assay have demonstrated DNA damage in NCI-H292 human pulmonary 

adenocarcinoma cells exposed to whole mainstream cigarette smoke.  The inclusion of a recovery period, 

post exposure has enabled further classification of DNA damage into strand breaks and oxidative lesions.  

The aim of this study was to apply this methodology to a more directly exposed cell system, and to compare 
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results obtained with historical data from the NCI-H292 model, which consists of confluent monolayers of 

cells at an air-liquid interface.  Primary human bronchial epithelial cells (HBEC), obtained from human 

donors were cultured for 28 days until they had differentiated and formed 3-D cell cultures, closely 

resembling the tracheobronchial epithelium.  A dose-dependent effect on strand breakage and oxidative 

lesions was observed in both models.  However, the HBEC 3-D model was markedly less responsive than the 

NCI-H292 model.  These data suggest that the structural and functional characteristics of the bronchial 

epithelial present in the 3-D model (e.g. impermeability and mucus production) help to protect against the 

toxic effects of smoke.  This should be taken into consideration when designing experiments to measure the 

dose-dependent effects of smoke in this model. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 
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Can elastomers be used as an alternative to filter rods as reference samples for hardness measurement 

equipment? 

The measurement of hardness or firmness of tobacco or filter rods for the purposes of comparison within a 

plant, or with time, is a destructive technique and so is limited by the choice of samples used.  It has been 

proposed that an elastomeric test piece might be more suitable than cured filter rods for these comparison 

purposes. 

A selection of elastomeric tubes have been tested using two different hardness gauges under different 

conditions to assess the suitability of such samples for gauge r and R studies. 

Degradation due to repeated test has been assessed as has sample orientation, manufacturing variation and 

the use of different test conditions. 

It has been shown that it is possible to use elastomers for gauge studies provided that simple precautions 

concerning sample orientation are observed. 

Cerulean, Rockingham Drive, Linford Wood East, Milton Keynes, U.K. 
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A technique for assessing the effects of repeated measurement of samples when conducting 

repeatability and reproducibility studies. 

When conducting r & R studies for the physical measurement parameters of cigarettes, difficulties exist in 

the choice of a suitable measurement sample.  If repeated measurements are conducted on the same sample, 

changes in the measured values can take place due to the measurement process; if two independent samples 

are taken from a batch, there can be differences between the real values of the samples. 

A technique has been developed that allows the effects of repeated measurement (i.e. sample degradation) to 

be estimated and separated from the effects due to the instrument or process being assessed.  This technique 

has been evaluated over a range of instruments and samples and has proved to be robust and easy to use. 

Cerulean, Rockingham Drive, Linford Wood East, Milton Keynes, U.K. 

 

 

TROUDE V.; DUVAL G.; BRU G. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS21 

Real time gas phase puff-by-puff profile. 

An automated puff-by-puff mainstream smoke system is developed to monitor real time gas phase in 

mainstream cigarette smoke.  Simple and sensitive, the real-time analysis delivers, without pre-treatments, a 

rapid fingerprint of the volatile profile as the cigarette is consumed. 

Sample generation is provided by a customized single-port smoking machine.  Filtered mainstream smoke is 

analyzed on a continuous basis using a RTGA® system which consists of a modified 5973N mass selective 
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detector (MSD).  Instead of smoking valve (which would distort smoke profile); the gas phase entering the 

MSD is carefully controlled through precision orifices in two stages using differential pumping: 1) process 

orifice, and 2) MSD sampling orifice.  Unlike the traditional GC/MS systems, separation of the components 

does not occur prior to entering the MSD. 

With response times as fast as 2 to 5 seconds, the system can monitor and capture rapid transients that could 

be missed by other monitoring equipment. 

The occurrence of peak tailing decreased with a gentle helium back flush system to exhibit low carryover of 

volatile smoke constituents  

Preliminary data for volatile fingerprint has been collected with the Kentucky Reference 2R4F cigarette.  

Both scan (m/z 55 to 115) and selected ion monitoring (SIM) modes on m/z 67/68/78 and 92 with dwell 

times of 500 ms were found to yield approximately the same sensitivities providing good linearity and good 

day-to-day variability (CoV <8%) 

Drawbacks of this method: not selective and today limited to the analysis of gaseous compounds compared 

with accurate puff-by-puff GC-MS method.  Nevertheless, such rapid and easy-to hand evaluation would 

provide analytical information for testing the efficiency of vapour phase filters.  Improvements of statistic 

exploitation are on the way to establish methods of investigation as well as provide guidance for further 

investigations of prototype cigarette under development. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 
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Pyrolysis study on precursors of phenolic compounds by an omission test. 

Many pyrolysis studies on the precursors of phenolic compounds, for example, polyphenols, polysaccharides 

and saccharides have been reported.  These studies were, however, mainly about a single component present 

in a tobacco leaf.  Few studies considering the interaction between tobacco components have been 

conducted. 

In this study, in order to evaluate the potential of precursors for the seven phenolic compounds 

(hydroquinone, resorcinol, catechol, phenol, m
-
, p

-
, and o

-
cresol) including interaction, we carried out an 

omission test using the tobacco component mixture pyrolysis model. 

Putative precursors in tobacco components, which contribute to the generation of the phenolic compounds, 

were divided into two groups; water soluble components (chlorogenic acid, rutin, glucose, and fructose) and 

water insoluble components (cellulose, starch, pectin, alkali-lignin, and protein).  A control sample was 

prepared by mixing equal amounts of tobacco components, corresponding to each group.  We compared the 

phenolic yield of the control sample with that of a reference sample in which one of the precursors was 

removed from the control sample.  The difference of each yield was defined as the contribution of a removed 

component including interaction. 

This omission test indicated that chlorogenic acid (in the water soluble components), lignin and protein (in 

the water insoluble components) contributed significantly to the generation of the phenolic compounds.  It 

also indicated that the five phenolic compounds (catechol, phenol, m
-
, p

-
, and o

-
cresol) were generated 

independently from each tobacco component with little interaction between the tobacco components.  As for 

the other phenolic compounds (hydroquinone and resorcinol), the inorganics in lignin are considered to 

interact with the precursors. 

Japan Tobacco Inc., Tobacco Science Research Center, 6-2, Umegaoka, Aoba-ku, Yokohama, Kanagawa 

227-8512, Japan. 
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Accelerated solvent extraction and supercritical fluid extraction coupled to comprehensive GC×GC 

for the analysis of volatile compounds in tobacco. 
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Comprehensive GC×GC is a very powerful technique for complex sample analysis because a huge number 

of components can be separated according to carbon number and chemical classes.  Two gas 

chromatography columns of different selectivities are connected via a CO2 cryogenic modulator in order to 

carry out two independent separations and to obtain bi-dimensional chromatograms, structured, and 

consequently easier to explain.  The majority of applications deal with samples from the petroleum industry 

but this technique has proven to be also very interesting for the analysis of volatile compounds in natural 

samples extracted from plants.  This work presents the results obtained on the volatile fraction of tobaccos.  

Firstly, the proper GC×GC analysis conditions i.e. choice of columns and stationary phases used in each 

dimension, operating conditions (temperature, flow rate, temperature ramp, injection and detection 

conditions) have been set up using a test sample containing available target compounds.  The best 

compromise was obtained with an apolar column in the first dimension, separating the compounds according 

to their volatility, followed by a polar column.  As a result, it is demonstrated that GC×GC enables 

separation of a very high amount of volatile compounds from very different chemistry.  The method has then 

been applied to develop and compare two extraction methods, accelerated solvent extraction (ASE) and 

supercritical fluid extraction (SFE) for the extraction of neutral volatile compounds from tobacco.  The 

parameters of each method have been optimised in order to obtain the best discrimination between different 

tobacco types.  The efficiency of this approach was demonstrated using extracts obtained from different 

types of tobaccos. 

Laboratoire Environnement et Chimie Analytique, ESPCI - CNRS UMR 7121, 10 rue Vauquelin, 75005 

Paris, France. 

Institute of Public Health, Toxicology, 6 rue Pasteur, Cluj-Napoca, Romania. 

Almería University, Edificio Químicas CITE I, Ctra. Sacramento s/n, 04120 Almería, Spain. 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 
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A mixture experimental design with six variables and the effects on smoke components:  1 - 

Presentation of this experimental design and of some initial results on physical characteristics of 

cigarettes and blends. 

The objective of this paper is to examine the effects of six tobacco components on the chemical and physical 

characteristics of blends and cigarettes and particularly on the mainstream smoke yields. 

First of all, we will develop the philosophy of this design, then we will discuss about the interpretation of 

some initial findings and their limits.  In a second paper, we compare the effects of the six components on 

Hoffmann analytes. 

Often, we can notice different experimental designs on the blend components with three factors, but to obtain 

a more realistic view of the whole blend, we have carried out an experimental mixture screening design with 

a regular simplex with six factors on one US blend.  These six factors are the content of: Flue-cured block 

(from 50.7% to 13.5%), Burley block (from 56.9 to 19.7%), Oriental block (from 42.2 to 5.0%), the Recon 

(from 49.8% to 12.6%), Stems (from 41.2% to 4%) and Expanded Tobacco (from 45.2% to 8%).  The 

experimental design obtained is built with reference blend (centroïd) and consists of 19 trials, and two added 

trials for validation.  We have added the six pseudo components with the aim to test the additive effects of 

the different variables' responses. 

We can classify the different determinations in chemical variables (n = 38), physical characteristics of 

cigarettes (n = 17) and smoke variables (n = 43). 

On some examples, we will show that the statistical analysis allows, first of all to compare the relative 

effects of the six factors on each response variable by the graph trace, then, to calculate a polynomial model 

of prediction and its quality and ability to optimize the responses and finally to get correlations between 

factors and variables and to try to identify a structure on multidimensional analysis mapping (P.C.A and 

cluster analysis). 

Altadis Research Centre, 4 rue André Dessaux, 45404 Fleury-les-Aubrais Cedex, France. 

Ecole Nationale Supérieure de Céramique Industrielle, 87065 Limoges, France. 

Master OPEX - Université Bretagne Ouest - 29000 Brest, France. 
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WALKER J.; TAYLOR M.J. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. PT02 

Some factors affecting the activity of carbon in cigarette filters. 

Previous work indicates that the ability of activated carbon to reduce compounds in cigarette smoke is 

reduced upon storage with greater deactivation evident when stored as cigarettes rather than as filter rods.  

Filters stored at lower temperatures generally exhibit less deactivation over time.  Higher storage 

temperatures of filters appear to accelerate the rate of triacetin hydrolysis to acetic acid.  Initial studies 

suggest the role of triacetin in the deactivation of carbon may be less significant than both storage 

temperature & conditions i.e. exposure to tobacco volatiles.  However as levels of deactivation will depend 

on the initial capacity of the carbon, different weights of carbon may have a significant effect on levels of 

deactivation. 

This second study looks at the effect of age and conditions of storage on the activity of lower carbon weight 

in a cigarette filter.  It is widely accepted that a suitable measure of carbon's activity in a filter to cigarette 

smoke is the retention of vapour phase compounds.  Carbon filter samples have been stored under four 

different conditions.  These are -18 °C at low water content, 4 °C at low water content, 22 °C at 60% RH and 

35 °C at 75% RH.  For each storage condition the vapour phase retention of the carbon has been measured as 

a function of sample age for up to six months.  The rates of plasticiser hydrolysis as measured by the 

generation of acetic acid in the filters are also discussed. 

The mechanisms for deactivation of carbon in filters are investigated by various methods with discussion of 

plasticiser to carbon ratio effects, and exposure of varying carbon weights to tobacco volatiles and also to 

triacetin. 

Filtrona Technology Centre, Shaftsbury Avenue, Jarrow, Tyne and Wear, NE32 3UP, U.K. 
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Effective trapping and degradation of nitrosamine from the tobacco smoke. 

Cyclodextrin is one of the most potential hosts in supramolecular chemical field.  The objective of the 

presentation is to describe the study on adsorption and degradation of nitrosamine within cyclodextrin.  

Tobacco smoke contains various harmful compounds such as nitrosamines that should be removed to reduce 

the risk of smoking.  To remove these noxious compounds, many efforts have been achieved on the additive 

of tobacco fibre and the modified filter trips.  However, it is still desirable to seek a "green" promising 

material possessing favourable biocompatibility and high activity to reduce the level of these noxious 

compounds by adsorption or degradation.  Cyclodextrin is cyclic oligosaccharides consisting of several 

glucose units linked by α-1,4 glycoside bonds and possess hollow truncated cone shape with a nonpolar, 

hydrophobic interior and two hydrophilic rims formed by the primary and secondary OH groups.  They can 

include a variety of guest molecules to form inclusion complexes by noncovalent interaction.  Our 

investigations reveal that cyclodextrins can selectively adsorb nitrosamines to form host-guest complex but 

the adsorption model differs from that on zeolite.  When nitrosamine is enclosed into cyclodextrin, the alkyl 

group is trapped into the wider rim of cavity and the oxygen in N-NO group of nitrosamine bonds to the HO-

group of the host through establishment of hydrogen bond.  The temperature programmed surface reaction 

(TPSR) and TG-DTA results indicate no desorption of nitrosamines but formation of nitrogen in the 

degradation of nitrosamines trapped in cyclodextrin, which are very important and valuable for removal of 

the carcinogen.  The present investigation also demonstrates that the total amount of nitrosamine in the 

mainstream of cigarette can be decreased 48% by modifying the surface property of cellulose acetate fibre 

with organic acid and non-ionic surfactant loaded cyclodextrin. 

School of Chemistry & Chemical Engineering, Nanjing University, Nanjing 210093, P.R. China. 

Nantong Cellulose Fibre Company Ltd., Nantong 220000, P.R. China. 
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Analysis of performance characteristics of cigarettes sold in New York State and Canada that meet 

ignition strength regulations. 

Only cigarettes that pass the ASTM E2187-02B ignition strength test more than 75% of the time are allowed 

for sale in New York and Canada. 

We sampled a number of cigarette brands from these markets as well as from locations that were not 

designed to meet the ignition strength requirements.  These cigarettes were then tested for ignition strength 

and analyzed to determine what changes, if any, were necessary to achieve the lower ignition strength.  This 

study was not meant to be an exhaustive analysis of all cigarettes sold in these markets, but rather cigarettes 

were chosen to represent a broad range of design options. 

All cigarettes purchased in New York state and Canada met the ASTM ignition strength standard, but there 

were differences in cigarette free-air smoldering and deliveries. 

Schweitzer-Mauduit International Inc., 100 North Point Center East, Suite 600, Alpharetta, Georgia 30022, 

U.S.A. 
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Some psychological determinants of tobacco use. 

Common experience suggests that holidays, hobbies, family gatherings and a variety of goods and services 

are used to enhance happiness and cope with the stresses of modern life.  A formal account of this hypothesis 

has been offered in The Functional Model (Warburton 1987).  This proposes that certain activities provide 

resources that can alter our psychological state in a preferred way.  To investigate the nature of these 

resources and how they may influence the decision to use everyday products, 319 subjects rated their use of 

alcohol, coffee, chocolate, over-the-counter medications, prescription medications, savory snacks, tea and 

tobacco in specific situations over the previous 30 days.  Analysis of the responses showed that five main 

factors could explain the motives that underlie the use of each product.  These were (i) to heighten 

enjoyment, (ii) to counter stress, (iii) as part of a social situation, (iv) as a regular feature of everyday life and 

(v) to regulate arousal.  The relative importance of each factor differed between products.  This research 

shows that everyday products, including tobacco, possess unique "signatures" which may determine their use 

in any given situation.  It will be proposed that, for the future, the unique "signature" of tobacco must not be 

lost as the risk-reduction process evolves. 

Warburton D.M. (1987): The functions of smoking.  In: Martin WR; Van Loon GR, Iwamoto ET and Davies DL (Eds.) Tobacco 

smoking and nicotine: a neurobiological approach.  New York: Plenum Press, 51-61. 

University of Reading, Reading, United Kingdom. 

JT International SA, Geneva, Switzerland. 
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Effect of vapour phase on whole cigarette mainstream smoke in vitro cytotoxicity. 

Different methods are available to assess cigarette smoke in vitro toxicity.  Testing of smoke condensates is 

an option most widely used.  For cigarettes yielding relatively high amounts of tar the particulate phase is a 

major source of potentially hazardous substances.  For the assessment of overall cigarette smoke toxicity all 

components of the smoke aerosol need to be considered.  Testing of aqueous mainstream smoke extracts or 

the freshly generated smoke aerosol itself is the method of choice. 

More difficult to assess and less frequently reported in the literature are the effects of vapour phase on 

biological systems.  Vapour phase constituents comprise biologically relevant substances that are only in part 

tar constituents as well.  Thus, the use of different biological endpoints in a test battery may lead to different 

results when testing different components of cigarette smoke.  Damage to cell membranes by tar constituents 

is very pronounced as measured with the Neutral Red Uptake (NRU) assay, whereas toxic constituents of the 

vapour phase predominantly affect cellular metabolism. 

When comparing different cigarettes in terms of cytotoxicity the methods employed and endpoints used 

should cover as many aspects as possible.  Some of the methods currently available such as NRU and 
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proliferation assays measuring metabolic activity (MTS, WST-1, MTT) are excellent tools to evaluate the 

effects of particulate matter as well as vapour phase and to compare tar, whole smoke and vapour phase data. 

This paper describes some methodological aspects that need to be considered when assessing vapour phase 

cytotoxicity and its effects on overall toxicity.  Whole smoke and vapour phase toxicity of three test 

cigarettes with different designs was studied employing the human liver Hep-G2 cell line and different 

culture and smoke exposure conditions.  Generation of whole smoke and vapour phase was kept as constant 

as possible. 

The data suggest that vapour phase toxicity overrides particulate matter cytotoxicity in the MTS test when 

testing smoke extracts, whereas particulate matter is more potent than vapour phase in the NRU assay when 

testing fresh whole smoke aerosol.  With regard to whole smoke cytotoxicity the contribution of vapour 

phase increased with decreasing tar yields. 

Imperial Tobacco Group, Reemtsma Cigarettenfabriken GmbH, Corporate Responsibility, Albert-Einstein-

Ring 7, D-22761 Hamburg, Germany. 
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The application of a two level factorial design to the selective reduction of phenolic compounds in 

mainstream smoke using cellulose acetate filters. 

This study was part of a joint project undertaken with the Eastman Chemical Company.  The objective of 

phase one was to establish the relationships between cigarette filter parameters deemed important in 

selectively reducing phenolic yields in mainstream smoke.  Similar smoke yields were generated using a 

constant tobacco column length and the filter parameters investigated at low and high levels were: length (22 

and 42 mm), tow weight (604 and 769 mg) and plasticiser level (0 and 12%).  The cellulose acetate tows 

were selected to give similar tar filtration efficiencies per mm of filter length and the plasticiser used was 

triacetin.  Filter length and triacetin level appeared to be the major factors influencing mainstream phenolic 

yields.  The next phase will be the application of response surface methodology to determine the optimum 

settings of these filter parameters. 

British American Tobacco, Group R&D, Regents Park Road, Millbrook, Southampton, SO15 8TL, U.K. 

 

 

WRIGHT W.; LIU S.; RICKERT W.S.; KAISERMAN M.J. 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS29 

The use of multivariate statistics in the analysis of smoke chemistry and toxicological data. 

Government regulations and the search for PREPS have resulted in an unprecedented amount of data and 

data analyses.  Data reduction using ANOVA followed by a posteriori tests is useful for single variables, but 

a multivariate approach is preferable for correlated variables such as smoke yields of tar, nicotine, CO, 

formaldehyde, HCN and benzene (Canadian 'Pack Labels') and mutagenic responses in the Ames test (Health 

Canada test method T-501).  To illustrate the approach, 'Pack Label' data was obtained for 17 brands of 

Canadian cigarettes smoked under ISO conditions.  Per cigarette yields ranged from 10-16 mg tar and CO, 

0.9-1.2 mg nicotine, 45-105 µg formaldehyde, 85-160 µg HCN and 40-60 µg benzene.  With the exception 

of nicotine, all correlation coefficients for 'Pack Label' analytes were significant with r ≥ 0.5.  Univariate 

analysis resulted in 6 ANOVA tables while a single table summarized the results from the multivariate 

approach.  In both cases, it was concluded that yields of tar, CO and HCN, taken together, had the best 

discriminating power.  By way of illustration, the multivariate technique was also applied to typical results 

from the Ames test.  Here, the lack of correlation among the responses of the 5 stains resulted in a significant 

loss of information in the multivariate approach.  Consequently, for this type of data, univariate analysis is 

preferable since it does not result in the loss of information.  However, for correlated variables, multivariate 

analysis is recommended since it reduces complexity and takes into account possible interactions. 

Labstat International Inc., 262 Manitou Drive, Kitchener, ON N2C 1L3, Canada. 
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Rapid determination of benzo(a)pyrene in cigarette smoke by MDGC-MS. 

Benzo(a)pyrene is considered as one of the most harmful compounds in cigarette smoke and included in the 

Hoffmann List.  Due to the hundreds of polyaromatic hydrocarbons (PAH) that exist in cigarette smoke, 

determination of benzo(a)pyrene in cigarette smoke is a challenging task to analytical chemists.  Many 

GC/MS or HPLC methods for the determination benzo(a)pyrene in cigarette smoke have been developed 

with complex clean-up steps.  In multi-dimensional gas chromatography (MDGC), the first dimensional 

chromatographic column can be used as a pretreatment tool, thus simplify the tedious clean-up procedures 

involved in the complex matrix.  In this paper, an automatic heart-cutting MDGC system from megabore to 

capillary column with on-line enrich was developed.  Based on this system, a simple, sensitive, fast and 

reliable method was developed for the determination of smoke benzo(a)pyrene.  The mainstream smoke 

collected on Cambridge pad was extracted with cyclohexane and the extract was injected into MDGC/MS 

directly, without any further clean-up step needed.  The reproducibility, recovery and detection limit for 

benzo(a)pyrene in smoke samples were desirable.  Cigarette samples of different filters and tobacco blends 

were determined.  The diagram of the MDGC system and the determination results of cigarette samples were 

given in the paper. 

Shanghai Tobacco (Group) Corporation, Shanghai 200082, P.R. China. 
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Comparative inhalation toxicity of test cigarettes containing ingredients and a reference cigarette in 

rats. 

Two 90-day rodent inhalation toxicity studies were conducted to investigate the potential effects of 253 

ingredients when added as subsets of 62, 67, 61 and 63 ingredients to the tobacco blend used for the 

manufacture of reference cigarettes.  The overall ingredient application rates were 1.97%, 2.54%, 2.43% and 

2.94%, respectively, of the tobacco cut filler weight.  Each inhalation study compared 2 Test Cigarettes 

containing an ingredient subset with the Reference Cigarette. 

In each study, groups of 30 male and 30 female Sprague-Dawley rats were exposed by nose-only inhalation 

to target concentrations of 0.06, 0.2, 0.8 mg/L wet total particulate matter (WTPM) of smoke from test or 

reference cigarettes for 1 hour/day, 5 days/week for 13 consecutive weeks.  Groups of 30 rats / sex were 

similarly exposed to filtered air.  Twenty rats / sex from each group were necropsied after 13 weeks 

exposure, and the remaining 10 were necropsied after 13 weeks recovery.  In-life examinations (clinical 

signs, body weight, plasma carboxyhemoglobin and nicotine, respiratory physiology, clinical pathology and 

bone marrow micronucleus) and terminal examinations (gross and histopathology, organ weights and 

respiratory tissue cell proliferation assay) were performed. 

It was concluded that the comparison of incidence and severity data from rats exposed to smoke from test 

cigarettes containing ingredients with those from an ingredient free reference cigarette did not indicate 

toxicologically significant differences in histopathological observations.  Similarly, an examination of 

respiratory function, blood COHb concentration, clinical pathology and cell proliferation rates did not 

indicate toxicologically significant differences between rats exposed to similar concentrations of test or 

reference cigarette smoke. 

Japan Tobacco Inc., 1-17-7, Yokokawa, Sumida-ku, Tokyo 130-8603, Japan. 

JT International S.A., 14 Chemin Rieu, CH-1211, Geneva 17, Switzerland. 

Battelle Toxicology Northwest, 902 Battelle Blvd, Richland, Washington, U.S.A. 

Mitsubishi Chemical Safety Institute, 14 Sunayama, Kamisu, Ibaraki, Japan. 
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Fingerprint anomaly index algorithm for the treatment of GC data of cigarette smoke. 
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Various studies proved that the smoking quality of cigarettes are not merely decided by one or several kinds 

of chemical components, the aroma and flavour perceptions of a cigarette are the combined results from 

multi-components of cigarette smoke.  The complexity of gas chromatograms of cigarette smoke needs 

suitable data treatment methods to establish relationship between smoke quality and smoke chemistry.  

Methods of data treatments such as chromatograms subtraction, pattern recognition based on principal 

components analysis (PCA), factor analysis and cluster analysis had been applied for the cigarette smoke 

evaluation.  However the fingerprint total anomaly index (TAI) method has not been reported in this field.  

In this paper, the TAI method combined with high resolution capillary gas chromatographic analysis of 

cigarette smoke was used to quality evaluation of cigarette products.  The allowances of all chromatographic 

peaks were determined by using their weight of peak areas that indicate the peak significance.  The TAI 

represents the difference between two cigarette smoke fingerprint chromatograms, includes anomaly index of 

common, absent and excess chromatographic peaks.  Finally, the TAI was successfully employed in the 

treatment of GC data for cigarette smoke and the examples were given.  The chromatograms of twelve 

cigarettes brands including Virginia-type, British flue-cured type and American blended-type were collected 

and the TAI of every chromatogram was calculated with a Virginia-type cigarette as standard.  The TAI 

method was compared with PCA and chromatograms subtraction methods, the results indicated that the TAI 

provides more useful information of the complicated GC data. 

Shanghai Tobacco (Group) Corporation, Shanghai 200082, P.R. China. 
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On-line puff-by-puff smoke monitoring and aroma gas phase analysis of cigarette paper and tobacco. 

On-line puff resolved smoke analysis is performed using a single channel smoking machine and an Airsense 

2000 mass analyzer.  In order to prevent contamination of the mass analyzer, a specifically designed 

interface is used which splits and dilutes a fraction of the main stream smoke.  The smoking machine triggers 

the interface in a way that smoke can enter the mass analyzer only during a puff.  Thus, ISO smoking 

conditions as well as other smoking regimes can be applied with the dilution unit. 

The technique enables the direct and puff resolved determination of Hoffmann Analytes in mainstream 

cigarette smoke.  Analytes of interest are CO, ammonia, aldehydes, phenols, volatiles, nicotine, and other 

compounds.  Possible mass interferences are accounted for by using a multivariate calibration procedures, 

such as PLS (partial least squares) and PCR (principal component regression) using smoking data from 

reference cigarettes with known amounts of Hoffmann Analytes as well as gas standards. 

Papierfabrik Wattens GmbH & Co KG, Wattens, Austria. 

V&F Medical Development GmbH, Absam, Austria. 

 

 

ZHOU Jun; BAI Ruosi; YI Xiaoli; YAN Lihong; ZHU Yongfa 

CORESTA Congress, Paris, 2006, Smoke Science/Product Technology Groups, abstr. SS11 

A novel method for reducing harmful components in mainstream cigarette smoke with nanometer 

material. 

It is a great challenge to selectively reduce the harmful components in cigarette smoke for tobacco scientists.  

We have prepared a kind of nanometer material that can be well scattered in water and alcohol and its 

modified type that can be well scattered in triacetate.  0.5% (W/W) of the nanometer material was scattered 

in tobacco casing and flavouring and then added to tobacco, tobacco shreds, tobacco stem, expended tobacco 

and expended stem in tobacco processing. 8% (W/W) of the modified nanometer material was scattered in 

glycerol triacetate and then sprayed evenly to acetyl cellulose to make complex cigarette filter.  The above 

cut tobacco with the nanometer material and the complex cigarette filter with the modified nanometer 

material were used to make ZNH Cigarette with tar delivery of 3 mg/cig.  The cigarette was detected in 

Beijing Institute of Radiation Medicine, Zhengzhou Tobacco Institute and China National Tobacco Testing 

Center.  The test results showed that 53.9% of N-Nitrosonornicotine (NNN), 53.0% of N-Nitrosoanabasine 

(NAB), 55.6% of N-Nitrosoanatabine (NAT), 52.9% of 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone 

(NNK), 61% of benz(a)anthracene, 63.4% of chrysene, 70.5% of benzo(a)pyrene, 52.5% of the aromatic 
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amines, 39.2% of the volatile carbonyls, 34.6% of the phenolic compounds and 31.2% of gas-phase free 

radicals in the main-stream cigarette smoke were selectively reduced, while the taste of the cigarettes 

changed slightly.  Importantly, a number of examinations with animal model and biomedical experiment 

demonstrated that the physiological toxicity of the cigarettes made with the nanometer material and the 

modified nanometer material was considerably lower than that of the controls.  Thus, our new techniques 

satisfy making cigarette-smoke of lower risk. 

R&D Department and Testing Center, Beijing Cigarette Factory, P.R. China. 

Chemistry Department, Tsinghua University, P.R. China. 
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Reducing the level of polycyclic aromatic hydrocarbons in smoke by zeolites. 

Polycyclic aromatic hydrocarbons (PAHs) are toxic and carcinogenic compounds with low volatility in 

smoke.  The objective of this paper is to selectively reduce the level of PAHs in smoke by zeolites, and two 

compounds, fluoranthene and anthracene are used in the laboratory experiments as the representative 

members of PAHs.  As the key step of the analysis of PAHs, the optimal conditions for collection of PAHs 

from smoke were determined and discussed.  FTIR results revealed the impact of pore size and surface 

acidity of zeolite on the adsorption of PAHs.  In a rich-hydrogen environment, zeolite Y could adsorb both 

fluoranthene and anthracene whereas ZSM-5 trapped anthracene only; for zeolite NaA, it failed to adsorb 

fluoranthene and anthracene due to its small pore diameter.  However, this zeolite with small pore exhibited 

a considerable ability to lower the PAHs level in smoke in case it was added in cigarette, which implied the 

complex function of zeolites in removal of PAHs in cigarette smoke. 

To assess the actual function of zeolites for lowering the level of PAHs in smoke, this zeolite was sprayed 

into Chinese Virginia type tobacco prior to machine-making cigarettes, and the amount of PAHs in side-

stream smoke was determined by HPLC.  The level of B[a]P, fluoranthene and anthracene were decreased, 

because zeolite NaA has a strong capability to adsorb the precursors of PAHs such as acetylene and 1,3-

butadiene.  Thus, reduction of PAHs in smoke by zeolites was not limited to the removal of PAHs 

themselves, but related to the suppression of thermal formation of PAHs in a burning cigarette.  Usage of 

small pore zeolite as the cigarette additive could prevent catalyst deactivation by high molecular weight 

organics that adsorb on the catalyst surface blocking the active sites. 

School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210093, P.R. China. 

Technology Centre of Etsong Tobacco Group, Qingdao 266021, P.R. China. 
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Capturing nitrosamines in cigarette smoke by zeolite. 

Zeolite is a group of porous aluminosilicates with regular nano-sized pores.  It has the ability to recognize 

and discriminate molecules with precision of less than 0.1 nm, thus offering potentials for selective 

adsorption.  By carefully selecting its properties, we found strong interactions between some zeolites and 

nitrosamines present in cigarette smoke.  The objective of this study was to compare the efficiency of 

different zeolites in adsorbing nitrosamines under both laboratory and cigarette smoking conditions.  For 

zeolites to be used in cigarette filters, instantaneous adsorption and desorption of volatile nitrosamines in gas 

stream was studied by varying temperature, contact time, pore structure, surface acidity-basicity of zeolite 

and the constitution of the adsorbates.  The results showed that both NaY and HZSM-5 zeolites trapped 80% 

of nitrosamines in the mainstream smoke.  However, one third of the trapped nitrosamines desorbed from 

NaY whereas one-tenth from HZSM-5 upon heating to 773 K.  For zeolites to be added onto tobacco blends, 

we sprayed the two zeolites onto a Chinese Virginia cut tobacco at 3 wt% and made filter-tipped cigarettes.  

The smoke results showed that nitrosamines in the sidestream and mainstream smoke were reduced by 40-

60% and 50-70% respectively.  For TSNA, the reduction was 25-32% and 35-60%, respectively.  These 
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reductions were achieved without significantly altering the tar and nicotine levels of the cigarettes.  In 

conclusion, it is feasible to use zeolites in cigarettes to reduce the nitrosamine level of cigarette smoke. 

School of Chemistry & Chemical Engineering, Nanjing University, 22 Hankou Road, Nanjing 210093, P.R. 

China. 
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In vitro and in vivo tests on cigarettes containing zeolite additives. 

Cigarette smoke is a complex aerosol matrix.  Among the few thousand compounds identified so far, 

nitrosamines are known carcinogens.  We selected NaA zeolite based on its capability for selective 

adsorption and catalysis of nitrosamines and added it onto a Chinese Virginia cut tobacco at 3 wt.-%.  The 

added zeolites achieved on average between 20 to 40% reduction of nitrosamines in the mainstream smoke 

without significantly affecting the tar yields.  To assess the overall effects of the added zeolites on the 

cigarette smoke, biological tests were conducted.  Two in-vitro genotoxicity tests using the Ames/Salmonella 

assay and the Chinese hamster ovary (CHO) cell assay were employed to evaluate the mutagenicity and 

cytotoxicity of the zeolite-containing cigarette smoke.  In addition, a 30-day laboratory animal exposure test 

followed by pathological study was also employed.  Less mutagenic activity was observed for the test 

cigarettes with the zeolite additive in comparison with the control cigarette.  The cell livability for the CHO 

test was also significantly higher for the test cigarette with the zeolite additives than that of the control 

cigarette.  The results of the animal experiments found less harmful damages when exposed to the zeolite-

containing cigarette smoke.  It is however not known that these effects are directly related to the reduced 

nitrosamines levels as full smoke chemistry tests were not conducted. 

School of Chemistry & Chemical Engineering, Nanjing University, 22 Hankou Road, Nanjing 210093, P.R. 

China. 
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On-line real-time analysis of organic compounds in mainstream tobacco smoke: An optimised 

coupling between a commercial smoke machine and fast photo-ionisation time-of-flight mass 

spectrometry. 

Since the chemical properties of tobacco smoke are changing very rapidly during the smoking process, time-

resolved analysis is required to better understand the chemistry of smoking.  Puff-resolved analysis of 

tobacco smoke can be done by conventional off-line analysis methods (e.g. by gas chromatography/mass 

spectrometry) but are rather difficult and time-consuming.  Recently it was demonstrated that single-photon 

ionisation (SPI) with vacuum-ultraviolet (VUV) light in combination with mass spectrometry (MS) is a 

promising tool for puff-by-puff resolved characterization of tobacco mainstream smoke in real time.  SPI 

allows an efficient and soft ionisation of organic compounds, yielding mass spectra without fragment peaks.  

Furthermore, some selectivity is provided via the ionisation energy threshold (IP), as only compounds with 

an ionisation potential (IP) lower than the photon energy are ionized.  For fast on-line, real-time 

measurements of the tobacco smoking process however, time-of-flight mass spectrometry (TOFMS) is 

predestined, as only TOFMS can record simultaneously all masses with very high repetition rates.  Scanning 

MS systems, such as ion trap or quadrupole systems, on the other hand only can record a single mass at one 

time.  In this work the coupling of an innovative ultra compact TOFMS system (TOFWERK AG, Thun, 

Switzerland) equipped with a novel VUV-lamp system (TUI-Laser AG, München, Germany) for SPI to a 

modern programmable smoke machine (Borgwaldt, Hamburg, Germany) is described.  The TOFMS is 

equipped with a fast orthogonal acceleration ion source and records transients with up to 50 kHz.  The high 

repetition frequency leads to a very good signal/noise ratio and dynamic range without loss of time 

resolution.  Detection limits in the low parts-per-billion (ppb) range are easily achieved.  Our previous 

experiments have showT Tn how decisive the correct interfacing between smoking machine and MS analyzer 

is for reliable and quantitative puff resolved on-line analysis of organic compounds.  A suitable venting- and 
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cleaning puff-system as well as a specially designed transfer technology is important to ensure puff- and 

even sub-puff-resolution by minimization of condensation and memory effects of smoke constituents.  The 

experimental setup of the coupled system is described and application data are shown.  The coupled system 

is extremely well suited for continuous measurements of aromatic and aliphatic trace compounds in cigarette 

mainstream smoke on a puff-by-puff resolved basis.  As electron impact ionisation can also be applied, small 

inorganic molecules, such as carbon dioxide or water can also be analysed.  Application data will be shown 

and discussed. 
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