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SUMMARY

This study presentsthe results on the influence of cigarette
moi sture content to the chemical composition of particulate
phase smoke. Seventy-five sel ected compoundswere moni-
tored for the comparison of particulate phase smoke of a
commercial full-flavored (FF) cigarettewith threedifferent
moisture contentsat 7.8%, 14.5% and 20.4%, respectively.
It was demonstrated that the smoke of a dry cigarette is
richer in lower molecular mass compounds than a regular
cigarette. On the other hand, the smoke of amoist cigarette
is richer in higher molecular mass compounds than a
regular cigarette. To maximize the influence of cigarette
moisture to the chemical composition, a separate set of
measurements were done using only the first three puffs of
smoke. The accumulation of moisture in the tobacco
column of a burning cigarette may influence the smoke
composition, as generated during burning. The differences
between dry, regular and moist cigarettes were more ob-
vious for the first three puffs. [Beitr. Tabakforsch. Int. 21
(2004) 184-191]

ZUSAMMENFASSUNG

Es werden die Ergebnisse einer Studie prasentiert, in der
der EinflussdesFeuchtigkeitsgehaltseiner Zigaretteauf die
chemische Zusammensetzung der Partikel phase des Ziga-
rettenrauchs untersucht wurde. Hierzu wurden 75 ausge-
waéhlteVerbindungenin der Partikel phase desRauchseiner
handel siblichen Full-Flavour Cigarette (FF) mit Feuchtig-
keitsgehalten von 7,8%, 14,5% und 20% analysiert und die
jeweiligen Partikel phasen wurden miteinander verglichen.
Eswurde gezeigt, dassder Rauch einer trockenen Zigarette
einen htheren Anteil an niedermolekularen Verbindungen
enthdlt alseineZigarettemit einem Feuchtigkeitsgehalt von
14,5%. Andererseitssindim Rauch einer feuchten Zigarette
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mehr héhermol ekulare V erbindungen enthalten alsin einer
Zigarette mit mittlerem Feuchtigkeitsgehalt. Um den Ein-
fluss des Feuchtigkeitsgehalts einer Zigarette auf die
chemische Zusammensetzung zu maximieren, wurden
gesonderte Messungen durchgefiihrt, bei denen nur die
ersten drei Ziige untersucht wurden. Die Feuchtigkeitsan-
sammlungim Tabakstrang einer brennenden Zigarettekann
diewahrend der V erbrennung generierte chemische Zusam-
mensetzung des Rauches beeinflussen. Die Unterschiede
zwischen einer trockenen, normalen und feuchten Zigarette
waren wahrend der ersten drei Ziige an der Zigarette am
deutlichsten. [Beitr. Tabakforsch. Int. 21 (2004) 184-191]

RESUME

Cette étude présente les résultats de I’influence du taux
d’ humidité des cigarettes sur lacomposition chimique dela
phase particulaire delafumée. 75 composants ont été dosés
pour comparer la phase particulaire de la fumée d'une
cigarette plein ardbme dont les taux d humidité étaient
respectivement de 7,8%, 14,5% et 20,4%. || aété démontré
gue lafumée d’ une cigarette seche comporte davantage de
composés a masse moléculaire plus faible que celle d’ une
cigarette standard a taux d humidité de 14,5%. En re-
vanche, lafumée d’ une cigarette humide comporte davan-
tage de composés amasse mol éculaireplusélevéequecelle
d’une cigarette standard. Pour maximiser I’influence du
taux d’ humiditédescigarettes sur lacomposition chimique,
on a effectué une série de mesures en utilisant seulement
les trois premiéres bouffées de la fumée. L’ accumulation
d’humiditédanslacolonnedetabac d unecigarettealumée
peut avoir une influence sur la composition de la fumée
générée au cours de la combustion. Les différences entre
les cigarettes séches, standard et humides étaient plus
évidentes pendant les trois premieres bouffées. [Beitr.
Tabakforsch. Int. 21 (2004) 184-191]
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Table 1. Conditions for making different moisture levels

RH in chamber (%) * Measured moisture in cigarette

Cigarettes Salt used in moisture chamber
Cigarette D (dry) MgCl,

Cigarette R (regular) K3CeHsO,

Cigarette M (moist) NaCl

32.9 7.8
62.5 145
75.3 20.4

2Calculated at 25 °C.

INTRODUCTION

It is common knowledge that the same cigarette tastes
differently for different moisture contents. Dry cigarettes
aremoreirritating than regular cigarettes. M oisture content,
as one of the physical variables of cigarettes affects the
level of total particulate matter (TPM) (1-3), although the
dry smoke condensate reported to the dry weight of tobacco
is not much modified. A number of other reports on the
influence of moisture content on smoke, besides changesin
TPM, indicated changes in the amount of tobacco burned
during smoldering, changes in nicotine, phenol, menthol
(4-9), aswell aschangesin the smoke quality (6,10). Also,
the effect of cigarette moisture on the composition of each
puff has been studied for a few individual components
(6,7). Some other studies were focused on the influence of
filtration at different moistures. In one such study (8) it was
concluded that the filtration coefficient of the tobacco rod
is dependent on the moisture content of tobacco, high
moisture resulting in higher filtration. Another study (9)
concluded that lower tobacco moisture did not affect the
filtration of the tobacco rod, but reduced the rate of direct
condensation and aerosol formation. These two reports
evaluated one component (phenoal), ‘tar’ (as TPM minus
water and nicotine) and nicotine only, and did not take into
account that different components may behave differently
in particul ate phase smoke under the influence of moisture
content. Valuable information on the differences between
dry and moist cigarettes were obtained from some of these
studies. For example, in one study (10), 30 mm sections
from the burning end of dry cigarettes and from moist
cigarettes were cut and exchanged. During smoking, some
harshness typical for dry cigarettes was still noticed for
moist cigarettes with a dry mouth end, but an overwhelm-
ing difference was noticed for dry tobacco sections with a
moist mouth end. Thisclearly indicated the role of tobacco
moisture in modifying the pyrolytic process during smok-
ing. Also, the same study (10) showed the importance of
the first few puffs in determining sensory differences
between dry and moist cigarettes. It suggested that the first
few puffs of smoke may be significantly affected by the
moisture content. Also, the particul ate phase smoke of the
first few puffs may have changes in the chemica com-
position for cigarettes with different moisture content.

Limited information in previous studies was given about
the changesin the rel ative abundance of alarger number of
smoke components in particulate phase smoke under the
influence of moisture content. Theinformation on changes
of the chemical composition of smoke condensate would
provide a better understanding of the sensory changes
noticed between dry and moist cigarettes. Even if changes

were noted for a particular compound between dry and
moist cigarettes, it is not likely that these changes can
modify the smoke quality for every cigarette. At the same
time, smoke with a modified overall composition will
certainly have different sensorial properties.

The present study was conducted to evaluate the impor-
tance of moisture content on the chemical composition of
particul ate phase smoke of cigarettes, and the experiments
were performed for the whole cigarette as well as for the
first three puffs of the cigarette. The reason for collecting
and studying only thefirst three puffs of smokewasthat the
moisture content in the tobacco column changes during the
smoking process. The condensation of water in the tobacco
column behind the burning end, will increase the moisture
content even for a dry cigarette, and the potential differ-
encesin the composition of particul ate phase smoke can be
significantly reduced by the water accumulated in the
cigarette column during smoking. Thus, the true influence
of cigarette moisture cannot be properly evaluated.

EXPERIMENTAL
Cigarette condition

The achievement of a different moisture content in ciga-
rettes was done by conditioning cigarettes in moisture
chambers with different relative humidities (RH). Three
saturated solutions of selected salts were placed separately
in three moisture chambers. Cigarettes were then placed in
the moisture chamber for at least seven daysto obtain the
desired moisture content, indicated as Cigarette D for dry,
Cigarette R for regular, and Cigarette M for moist. Thesalts
used for obtai ning the desired moisture were sel ected based
on literature recommendations (11,12). The measurement
of moisture was done using only the cigarette tobacco, by
a routine oven moisture measurement (13). The obtained
moi sture contents of the three cigarettes arelisted in Table
1

Cigarette smoking

The cigarette smoking for all three cigarettes was done
under standard Federal Trade Commission (FTC) smoking
procedure (14) and was performed on a Borgwaldt RM
20/CSrotary smoking machine. Cigaretteswere smoked for
apuff of 35 mL with 2 sdurationin every 60 s. Two sets of
experiments were conducted, one in which the whole
cigarette was smoked and the TPM collected, and the other
where only the first three puffs of each cigarette were
collected.
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Table 2. Routine smoke results of entire cigarettes

Cigarettes Puff number TPM (mg/cig) ‘Tar’ (mg/cig) Water (mg/cig) Nicotine (mg/cig)
Cigarette D (dry) 6.9 20.21 17.47 1.67 1.07
Cigarette R (regular) 7.7 19.59 16.51 2.27 0.81
Cigarette M (moist) 8.5 19.33 16.14 2.50 0.69

Table 3. Routine smoke results of the first three puffs (based on 3-puffs smoke)

Cigarettes TPM (mg/cig) ‘Tar’ (mg/cig) Water (mg/cig) Nicotine (mg/cig)
Cigarette D 7.13 6.06 0.66 0.41
Cigarette R 5.81 4.65 0.88 0.27
Cigarette M 5.02 3.73 1.08 0.21

Sample collection

For entire cigarette smoke experiments, 10 cigarettes were
smoked to 3 mm from the tipping paper. The particulate
phase smoke was collected on a conditioned 44 mm
Cambridge pad. The pad was weighed before and after
smoking to obtain the TPM value. The smoke pad was kept
in a flask containing 10 mL of extracting solution. The
extracting solution was t-butyl methyl ether (TBME) with
20 pg/mL 2-methylnaphthalene. After being mechanically
shaken for 30 min, a portion of the extract solution was
placed into a 1.7 mL autosampler via for gas chromato-
graphy-mass spectrometry (GC-MS) analysis.

For thefirst 3-puffsexperiment, 10 cigaretteswere smoked
only for the first three puffs. The particul ate-phase smoke
of three consecutive runs (total 90 puffs) was collected.
This approach was used to obtain TPM values close to that
of the entire cigarette smoke experiment, and to avoid the
possible chromatographic artifacts due to significantly
different TPM values.

GC-MSanalysis

The GC-MS anaysis of the smoke pad was reported
previously (15). The compounds measured in this study,
cover arange of common smoke constituents. The instru-
ment used for this study was a VG AutoSpec GC/HR-MS
system with the separation done on a DB-5MS capillary
column (60 m x 0.25 mm, 0.5 pm film thickness). The GC
ovenwas programmed at aninitial temperature of 36 °C for
3 min, a heating rate of 1 *C/min to 60 °C, then a heating
rate of 2 *C/min to 310 °C, and final time of 30 min. The
injector and ion source temperatures were both at 250 °C.
Splitlessinjection of 0.5 uL sample was used with apurge
off time of 0.5 min. The mass spectrometer was operated in
the scan mode with a range of nVz 40 to m/z 400. The
voltage applied to the detector was 280 volts (hormally
200-240 volts) for maximum sensitivity. All sampleswere
run in duplicate.

The compoundswereidentified using mass spectral library
searchesonly. Thelevelsof selected compoundsin particu-
late phase smoke were estimated by the comparison of the
peak area of the compound of interest with that of the
internal standard. Each compound areawasmeasured using
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the extracted ion of the base peak in the mass spectrum in
order to avoid interferences. The reported data were the
average of duplicates.

RESULTS AND DISCUSSION

The results for TPM, water, and nicotine (and the ‘tar’ =
TPM - water - nicotine) of the entire cigarette smokefor the
cigarette at three moisture levels (D, R and M) arelisted in
Table2. Therewere considerabledifferencesin puff numbers
for thethree cigarettes. However, thedifferencesin TPM and
‘tar’ values for the three cigarettes were not very large. The
percentage of water in TPM of the three cigarettesfor entire
cigarette smoke is 8.3%, 11.6% and 12.9%, respectively.
Taking Cigarette R asastandard, the TPM ratiosfor D/R and
M/R are 1.03 and 0.99, whilethe‘tar’ ratios of D/R and M/R
are 1.06 and 0.98, respectively.

Thefirst 3-puffsexperiment showed moredifferencesamong
the three moisture levels. The results of first 3-puffs smoke
are listed in Table 3. The data in Table 3 are reported in
mg/cig using only 3-puffs smoke per cigarette. There were
clear differences in TPM and ‘tar’ values for the three
cigarettes. The percentages of water in TPM for Cigarette D,
Cigarette R and Cigarette M are 9.3%, 15.2% and 21.5%,
respectively, which are close to the cigarette moisture
content. The nicotine content was reduced with the increas-
ing of the cigarette moisture. Also taking Cigarette R as a
standard, the TPM ratiosfor D/R and M/R are 1.23 and 0.86,
while the ‘tar’ ratios of D/R and M/R are 1.30 and 0.80,
respectively. The moisture level significantly affected the
TPM valuesfor thefirst 3-puffs smoke whilethe change was
less obvious for the entire cigarette smoke.

Thelist of 75 selected compounds analyzed in particulate
phase smokeisgivenin Table 4. To comparethe changein
thelevelsof particulate phase smokefor different moisture
contents, the relative ratios of the peak areas for the 75
compounds between Cigarettes D and R and between
CigarettesM and R were calculated. Figures 1 and 2 show
the compound ratios for D/R and M/R, respectively.
Particulate phase smoke can be classified into two groups
of compounds (16): non-volatile and semi-volatile com-
pounds. The selected 75 compounds were all semi-volatile
compounds with different volatilities. As a reference, the



Table 4. Selected compounds measured in particulate phase smoke

Number Compound CAS No. MW (nominal) b.p.’C?

1 Pyrazine 290-37-9 80 115-116

2 Pyridine 110-86-1 79 115.2

3 2-Methylpyridine 109-06-8 93 128-129

4 2-Methylpyrazine 109-08-0 94 135

5 Furfural 98-01-1 96 161.8

6 5-Methyl-2(5H)-furanone 591-11-7 98 208-209

7 2-Furanmethanol 98-00-0 98 170

8 3-Ethylpyridine 108-99-6 93 143-144

9 2-Ethylfuran 3208-16-0 96 92-93

10 2,6-Dimethylpyridine 108-48-5 107 144

11 2-Ethylpyridine 100-71-0 107 149

12 2(5H)-Furanone 497-23-4 84 86-87/12 mm
13 1-(2-furanyl)ethanone 1192-62-7 110 67/10 mm
14 2,5-Dimethylpyrazine 123-32-0 108 155

15 Ethylpyrazine 13925-00-3 108 152-153
16 2,3-Dimethylpyrazine 5910-89-4 108 156

17 5-Methyl-2(3H)-furanone 591-12-8 98 167

18 2,4-Dimethylpyridine 108-47-4 107 159

19 2,5-Dimethylpyridine 589-93-5 107 157

20 2-Vinylpyridine 100-69-6 105 79-82/29 mm
21 3-Ethylpyridine 536-78-7 107 166

22 5-Methylfurfural 620-02-0 110 187

23 3-Vinylpyridine 1121-55-7 105 162.7

24 3,5-Dimethylpyridine 591-22-0 105 169-170
25 Phenol 108-95-2 94 182

26 2-Propylpyridine 622-39-3 121 179

27 Trimethylpyrazine 14667-55-1 122 171-172
28 2-(4-Pyridyl)furan 55484-04-3 145 120/13 mm
29 o-Cresol ° 95-48-7 108 191

29’ m-Cresol ° 108-39-4 108 203

30 2,5-Dimethyl-4-hydroxy-3(2H)-furanone 3658-77-3 130 m.p. 78-83
31 2-Acetylpyrrole 1072-83-9 109 m.p. >85
32 5-Ethyldihydro-2(3H)-furanone 695-06-7 114 96-97/10 mm
33 p-Cresol 106-44-5 108 202

34 3-Methylpyrrolidine-2,5-dione 1072-87-3 113 122-125
35 4-Hydroxypyridine (4-pyridinol) 626-64-2 95 190-191
36 2,6-Dimethylphenol 576-26-1 122 203

37 3-Pyridinol acetate 17747-43-2 137 137/58 mm
38 5-Methyl-2(1H)-pyridinone 1003-68-5 109 180-187
39 2,5-Pyrrolidindione (succinimide) 123-56-8 99 287

40 3,5-Dimethylphenol 108-68-9 122 m.p. 65-66
41 6-Methyl-2-pyrazinylmethanol 77164-93-3 124 m.p. 45
42 2,4-Dimethylphenol 105-67-9 122 211-212
43 3,4-Dimethylphenol 95-65-8 122 m.p. 65-68
44 1,3,5-Trimethyl-1H-pyrazole 1072-91-9 110 m.p. 38—41
45 Piperidine-2,6-dione (glutarimide) 1121-89-7 113 m.p.155
46 6-Methyl-2-pyridinol 1121-78-4 109 m.p.158
47 3,4-Dimethylpyrrolidin-2,5-dione 17825-86-4 127 m.p. 118-119
48 3-Ethylphenol 620-17-7 122 215

49 Catechol 120-80-9 110 245

50 2,3-Dihydrobenzofuran (coumaran) 496-16-2 120 188-189
51 5-(Hydroxymethyl) furfural 67-47-0 126 m.p. 32-35
52 Resorcinol 108-46-3 110 m.p.110-112
53 3-Ethyl-4-methylpyrrolidin-2,5-dione 20189-42-8 141 m.p. 63-72.5
54 Quinoline 91-22-5 129 113-114/17 mm
55 Hydroquinone 123-31-9 110 185

56 5-Amino-1H-indole 5192-03-0 132 m.p.131-133
57 2-Methylbenzofuran 17059-52-8 132 197-198
58 3-Methyl-1H-indole 83-34-1 131 265-266
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Table 4 (cont.)

Number Compound CAS No. MW (nominal) b.p.°C?
59 4,7-Dimethylbenzofuran 28715-26-6 146 101-102/19 mm
60 Myosmine 352-12-7 146 m.p. 45 (dec.)
61 2,3-Dimethylhydroquinone 608-43-5 138 m.p. 221
62 1,3-Dihydroindol-2-one 59-48-3 133 m.p. 127
63 Nicotyrine 487-19-4 158 281

64 2,3-Dimethyl-1H-indole 91-55-4 145 285

65 Anabasine 494-52-0 162 96/12 mm
66 3,5-Dimethyl-1-phenylpyrazole 1131-16-4 172 273

67 Anatabine 581-49-7 160 145-146
68 2,3"-Bipyridine 581-50-0 156 295.5

69 2-Aminonaphthalene 91-59-8 143 306

70 5-Quinolineamine 611-34-7 144 310

71 4-Aminobiphenyl 92-67-1 169 m.p.52-54
72 Cotinine 486-56-5 176 m.p. 40-42
73 N-fomyl-nornicotine 3000-81-5 176 206

74 Carbazol 86-74-8 167 355

75 B-Carboline (norharman) 244-63-3 168 m.p. 198

#The boiling point (b.p.) at 760 mm Hg pressure is not available for all compounds. The b.p. for some compounds is reported at a
different pressure, and for other compounds only the melting point (m.p.) is reported.

® Not separated in the chromatogram.
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Figure 1. Compound ratios of dry to regular cigarettes for
entire cigarette smoke

boiling points (b.p.) or the melting points (m.p) for the
analyzed compounds are shown in Table 4. It can be
noticed from Table 4 that the boiling points (or the melting
points) have a clear tendency to increase as the peak
number in the chromatogram increases. All the analyzed
compoundsaretypically collectedinthe‘tar’ andtheir con-
tent in vapor phase is virtualy negligible (17). The D/R
ratios for al the 75 compounds in Figure 1 were higher
than the D/R TPM ratio of 1.03. This would suggest that
the dry cigarettes had a slightly higher percentage of semi-
volatile compoundsin TPM than regular cigarettes. Figure
1 showsalso that the more-volatile compounds (small peak
numbers corresponding to lower molecular weight) had
higher D/R ratios and varied in awide range. In contrast,
the D/R ratios for the less-volatile compounds (large peak
numbers) were around 1.03 with arelatively small varia-
tion.

Figure 2 shows the same behavior. The individual com-
pound M/R ratios were dightly below the M/R TPM ratio
of 0.97. Also, themore-volatile compounds had lower M/R
ratios than less-volatile compounds.
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Figure 2. Compound ratios of moist to regular cigarettes for
entire cigarette smoke

Figures1 and 2 demonstratethat for entire cigarette smoke,
dry cigarettesgenerated ahigher percentage of compounds,
and moist cigarettes generated a lower percentage of
compounds than regular cigarettes. Also, the smoke of a
dry cigaretteisricher in lower molecular mass compounds
than aregular cigarette. On the other hand, the smoke of a
moist cigarette is richer in higher molecular mass com-
pounds than aregular cigarette.

The next part of the experiment was performed for making
the comparison of the results for the first three puffs of the
R, D and M cigarettes. In a similar manner to the whole
cigarette experiment, D and M cigarettes had respectively
the highest and the lowest levels of those 75 compounds,
but the differences in the levels of the selected 75 com-
pounds among the three cigarettes for the first 3-puffs
experiment were significantly larger than those for entire
cigarette smoke.

The D/R ratios for al the 75 compounds in Figure 3 were
significantly higher than the D/R TPM ratio that was 1.23.
This suggests that the first 3-puffs smoke of dry cigarettes
had a significantly higher percentage of semi-volatile
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Figure 3. Compound ratios of dry to regular cigarettes for
the 3-puffs experiment
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Figure 4. Compound ratios of moist to regular cigarettes for
the 3-puffs experiment

compoundsin TPM than regular cigarettes. Figure 3 shows
also that the more-volatile compounds (small peak num-
bers) had higher D/R ratios and varied in awide range. In
contrast, the D/R ratios for the less-volatile compounds
(large peak numbers) were around 2.0 with a relatively
small variation.

The M/R ratios for the 75 compounds in Figure 4 showed
that the moist cigarettes had a lower percentage of semi-
volatilecompoundsin TPM thantheregular cigarettes. The
M/R ratios for the more-volatile compounds were lower
than the M/R TPM ratio of 0.86, while M/R ratios for the
less-volatile compounds were about 0.86.

Compared to entire cigarette smoke, the particulate phase
smoke of the first three puffs had a significantly larger
difference in D/R and M/R ratios. The balance of particu-
|ate phase smokewas significantly altered for thefirst three
puffs when moisture content changed.

From the data shown in Figures 1 to 4, it can be concluded
that the moisture content in cigarettes significantly affects
the chemistry of particul ate phase smoke. The behavior can
be summarized as. 1) Dry cigarettes had a higher percent-
age of semi-volatile compounds in TPM, while moist
cigarettes had a lower percentage of semi-volatile com-
poundsin TPM, than regular cigarettes. 2) The abundance
of the more-volatile compoundsin TPM were significantly
affected by cigarette moisture, while the less-volatile
compounds were affected in a reduced degree.

To further compare the differences in particulate phase
smoke between the 3-puffs experiment and entire cigarette
smoke, the relative ratios of the 75 selected compoundsin
TPM collected from three puffs and entire cigarettes was
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Figure 5. Normalized compound ratio of the 3-puffs experi-
ment to entire cigarette smoke for regular cigarettes
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Figure 6. Normalized compound ratio of the 3-puffs experi-
ment to entire cigarette smoke for dry cigarettes
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Figure 7. Normalized compound ratio of the 3-puffs experi-
ment to entire cigarette smoke for moist cigarettes

obtained. Figures5to 7 show the comparison for D, R, and
M cigarettes, respectively. The normalized value of an
individual compound was obtained by comparing its
abundance to the corresponding TPM value. The 3-
puffgentire ratio for an individua compound was then
obtai ned by comparing the normalized val ues of the 3-puffs
experiment to entire cigarette smoke.

Figure 5 shows the normalized 3-puffs/entire ratios of the
75 selected compounds for R cigarettes. Theratios for the
more-volatile compounds were below 1.0 while the less-
volatile compounds were about 1.0. If first 3-puffs smoke
and entire cigarette smoke generated the same levels of
these compoundsin TPM, the ratios should be constant at
1.0. Thiswould suggest that for the regular cigarettes, the
first few puffs generated a lower percentage of more-
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volatile compounds in TPM than entire cigarette smoke,
while the percentage of the less-volatile compounds in
TPM was amost the samefor the first few puffsand entire
cigarette smoke.

Dry and moist cigarettes showed a different behavior. The
3-puffdentire ratios for the more-volatile compounds in
Figure6 (Cigarette D) werecloseto 1.0, whiletheratiosfor
the less-volatile compounds were significantly higher than
1.0. The 3-puffsentire ratios for the more-volatile com-
poundsin Figure 7 (Cigarette M) were significantly below
1.0.

Overdl, the first 3-puffs experiment and entire cigarette
smoke showed adifferent chemical composition of particu-
late phase smoke. The first three puffs generated a lower
percentage of the more-volatile compounds in TPM than
the entire cigarette smoke, especially for moist cigarettes,
and the dry cigarettes generated a higher percentage of the
less-volatile compounds in TPM than entire cigarette
smoke.

Several causes may generate the differences seen in the
chemical composition between the smoke condensate of D,
R and M cigarettes. These may include the differencesin
the burn rate during the puff and during smoldering,
filtration through the tobacco rod, filtration through the
filter, and pyrolysis[see aso (6)]. The findings from other
studies(6) inthelevelsof phenol, nicotine, and menthol for
dry and moist cigarettes suggested that the main cause is
the difference in the retention of smoke constituents by the
tobacco rods of moist and dry cigarettes. The present study
shows a clear correlation between the volatility of the
compounds from smoke and their levelsin the TPM of dry
and moist cigarettes. No difference in the burn rate during
puffing is reported in the literature (6) and the differences
in the smoldering rate should affect equally the level of
compounds with low or high volatility. Although no
specific experiment was conducted to verify the role of
filtration in a moist tobacco column vs. a dry one, it is
known that filtration of particulate matter is mainly a
mechanical process (16). Also, a moist and more polar
tobacco column would be more likely to retain the more
polar compounds that are not volatile, and the moist
cigarette should easily release the more volatile com-
pounds. The observation from the present study isjust the
opposite, the moist tobacco generates TPM whichisricher
in higher molecular mass compounds. This does not
excludetheroleof moisturedifferenceson direct condensa-
tion and aerosol formation (9), but indicatesthat changesin
pyrolysis arethe most likely cause in the differencesin the
TPM composition of moist vs. dry cigarettes.

CONCLUSION

The moisture content of cigarettes influenced the chemi-
cal composition of particulate phase smoke. The percent-
ages of individual compoundsin TPM were different for
the cigarettes with different moisture levels. Dry ciga-
rettes had the highest percentages of semi-volatile com-
pounds in TPM while moist cigarettes had the lowest.
Among the selected 75 compounds, the more-volatile
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compounds would be more affected than the less-volatile
compounds. Comparedtothefirst 3-puffsexperiment, the
particul ate phase smoke of entirecigarette smokewasless
sensitive to the moisture content. The cigarette moisture
significantly affects the particulate phase smoke for the
first few puffs. The effect of moisture on the pyrolytic
process is considered the likely cause of the differences
seen in the TPM composition between the dry and moist
cigarettes.
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