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ABSTRACT : In this paper, we describe our study on the characterization of tobacco leaves
by their pyrolysis patterns. Two kinds of tobacco leaves were pyrolyzed and analyzed by
Double-Shot Pyrolysis-Gas Chromatography/Mass Spectroscopy (Py-GC/MS) methods. Three
grades of Korean flue-cured tobacco leafsuch as B10, AB30, CD3L and burley tobacco leaves
such as B1T, AB3T, CD3W were pyrolyzed with six discrete but stepwise heating temperature
ranges, those are from 100°C to 150°C, 150C to 200TC, 200 to 2507C, 250C to 300C, 300C
to 350C and finally from 350C to 400°C. Using the resultant 52 pyrolytic components
identified in the programs as components, principal component analysis (PCA) showed statistical
classification between flue-cured and burley tobacco lamina. Among six pyrolysis temperature
ranges, the best discrimination was achieved at the temperature range from 250C to 300C and
from 300C to 350C.
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Pyrolysis of tobacco Nicotiana tabacum leaves
has received significant interest over the years
due to the susceptibility of tobacco leaves to
thermal degradation during smoking. A variety of
pyrolysis studies on this subject have been
reported (Scheijen, et al,1987; Miiller, 1985;
Scheijen, et al, 1991). Some of these were about
tobacco leaf characterization (Halket, et al, 1985;
Crispino, et. al, 2007). Tobacco is a complex
plant biomass

containing small organic and

molecules and  biopolymers. The
cellulose,
pectin, lignin, protein and peptides, nucleic acid,
etc (Bokelman, et al, 1983; Milne, et. al., 1983).

Pyrolysis studies using Py-GC/MS methods have

inorganic

biopolymer consistsof hemicellulose,

been conducted to reveal the pyrolytic behavior
of some tobacco components (Schlotzhauer, et.
al, 1992). Tobacco lamina in the column of
smoking cigarette is exposed to high temperature
of the burning corn and is subject to a severe
pyrolytic degradation and thermal decomposition
when the cigarette is puffed. The extent of these
thermolysis is governed by the kinds of tobacco
fillers, packing density, burning rate, availability
of air at the site of pyrolysis, so the composition
of generated smoke changes case by case. The
taste of cigarette smoke is governed largely by
the composition of tobacco leaves. The cigarette
smoke is composed of a variety of compounds,
which depend not only on the type of tobacco
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being smoked, but also on the conditions of
smoking. Real cigarette smoke has complete
information about the thermal behavior of tobacco
leaf which is contained in cigarette column, but
the conventional analysis procedure for cigarette
smoke is composed of multiple steps including
cigarette preparation, sorting according to
physical properties such as weight and pressure
drop, smoking with machine by standard method,
trapping the real smoke with appropriate methods,
separation and purification and then analysis with
instrument. These procedures require lots of
labors and time and furthermore the smoke
composition can be altered from the intrinsic
information the cigarette has originally, so the
information about the nature of tobacco leaf may
be lost during these laborious steps. So many
tobacco scientists have used the pyrolysis
technique over the last few decades to investigate
the smoking phenomenon as model studies for
smoking (Faix, et al. 1992). The objective of this
study is to investigate whether the Pyrolysis—
GC/MSD method is possible in discriminating the
different tobacco leaves with convenience and
rapidity. We present the statistical differentiation
between different tobacco leaves according to

their thermal degradation behaviors.

MATERIALS AND METHODS

Tobacco leaf samples

Three grades of flue-cured tobacco leaves
including B10, AB30 and CD3L and three grades
of burley tobacco leaves including B1T, AB3T
and CD3W, which were
discriminated and graded by leaf expert after

grown in Korea,
harvesting and aging, prepared for pyrolysis
experiment. Additionally one oriental tobacco leaf,
IZMIR, and one puffed burley stem and tobacco
fillers of three commercial cigarette brands(a,B,y)
were prepared too. These tobacco leaves were
homogenized and dried at 40C for 6 h in oven.

Pyrolysis and qualitative analysis of the
pyrolysate by GC-MS

The GC/MS
Agilent 6890 gas chromatograph equipped with an
DB-5 MS capillary column (60 m, 0.25 mm i.d.,
0.25 pm film thickness). The double-shot
pyrolyzer (2020iD) was directly connected to the
GC injector maintained at 240C with a 100 : 1
split ratio at the initial time. The detector

instrument consisted of an

consisted of an Agilent 5973 mass selective
detector operating in the scan mode. Mass
spectra were recorded in the electron ionization
(ED) mode at 70 eV, scanning the m/z 30-500
range. Interface and source temperatures were
250C respectively. The carrier gas used was
helium with a controlled flow rate of 1.0 mL/min.
The GC oven temperature was programmed from
50C(3 min) to 180°C(20 min) by ramping rate of
3C/min then heated to 240C(for 30min) with
ramping rate of 5C/min. The tobacco leaves
were grinded and 3.0 mg of grinded sample was
loaded into the sample cup of pyrolyzer, which
was then introduced in the furnace and heated
from 100C to 150C (A) with heating rate of
50C/min. Then the thermally evolved components
from sample were introduced into the column of
GC-MS. Operation of scan mode of MS started
as soon as the furnace temperature reach target
temperature (150C) and sample cup is retracted
After
Pyrolysis—-GC/MS analysis, the sample cup were

from the furnace, the first run of
introduced again into the furnace and pyrolyzed
by heating at the temperature range of next step
150C to 200C (B), from 200C to 250C (C), from
250T to 300C (D), from 300C to 350C (E) and
finally from 350C to 400C (F) with the same
heating rate. This stepwise pyrolysis gave six
pyrograms (total ion chromatograms) for one
tobacco sample. Identification of each pyrolysate
compounds was conducted by comparing its mass
spectra with those of library (Wiley7n.1)
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Principal component analysis (PCA)

In this work, principal component analysis
(PCA) was performed using the software SPSS
12.0 (Apache Software Foundation). A data
matrix shown in table 1 was constructed with 6
columns representing tobacco samples and 52
rows corresponding pyrolysis products. Factors
with two eigenvalues were selected. The varimax
rotation method was applied.

RESULTS AND DISSUSSION

Pyrolytic pattern of tobacco leaves

Fig 1 shows pyrograms of two kinds of tobacco
leaves, those are three flue-cured tobaccos
[B10(a), AB30(b), CD3L(c)land burley tobaccos
[B1T(d), AB3T(e), CD3W(f)],
pyrolyzed at six stepwise temperature ranges(
At each upper
pyrograms of flue-cured tobacco show apparently

which  were
AF)

temperature ranges, three
different pyrolysis pattern from lower three
pyrograms Peaks

pyrogram are the pyrolytic products generated by

of burley ones. in each
thermal degradation of tobacco leaves. Table 1 is
the results of semi-quantification of components
pyrograms (total ion
chromatogram) in peak area value.

appeared in each

Principal component analysis (PCA)

To investigate which temperature range shows
the best discrimination between two kinds of
tobacco leaves, principal component analysis
(PCA) was conducted on the results obtained at
each pyrolysis temperature range using the table 1
Pyrolysis

temperature range, that is from 100C to 150C,

as data matrices. during first
gives just nicotine and neophytadiene (fig 1 A)
and did not differentiate flue-cured leaves from
burley tobacco leaves because required second
principal component could not be extracted from
the data. Probably the evolved compounds are not
pyrolytic products of tobacco leaves but volatile
compounds just evaporated from tobacco leaves.

These volatile compounds arose from very small

(3 mg) and severe sample
treatments such as grinding, drying in oven
might alter the

compound in tobacco samples. For these reasons,

tobacco sample

original contents of flavor

the pyrolytic compounds, exactly evaporated
flavor compounds, did not represent the intrinsic
pyrolytic character of tobacco leaf itself and from
this result we can not extract second principal
component in PCA. Pyrolysis over subsequent
temperature range, from 150C to 200C, gave 18
pyrolytic products such as furfural, furfuryl
alcohol, 2, 3-dihydro-3, 5-dihydroxy-6-methyl-
4H-pyran-4-one, 5, 6-dihydro-2H-Pyran-2-one,
nicotine, solanon, nornicotine, myosmine, nicotyrine,
2, 3'-bipyridyl,

cotinine,

anabasine, megastigmatrienone
N-(b)-formylnornicotin,
(fig 1.B). In

pyrolysis over this temperature range, volatile

isomers,
neophytadiene and cholic acid

components still arose from tobacco sample but,
in some extent, pyrolysis also occurred and two
kinds of tobacco leaves can be distinguished
roughly by PCA with eigen values of PC 1I:
3.752, PC 2: 2.098 (fig. 2. B). Pyrolysis during
3rd(C), 4th(D), 5th(E) and
range(F) gave hyroxymethylfurfural,

last temperature
indole,
3-0xo-a-ionol, corylone, palmitic acid, phenol, 1,
2-benzenediol, 1,
5-phenyl-1, 4-dimethyl imidazole, dI-limonene,
methyl-2-furoate, 5-hydroxymethyldihydrofuran-
2-one, 1, 4;3, 6-dianhydro-d-glucopyranose, 2,
3-dihydrobenzofuran, 2-methoxy-4-vinylphenol, 2,
6-dimethyl-1, 4-benzenediol, 2, 6, 10-trimethyl-2,
6, 10-dodecatriene and so forth (fig 1. C, D, E,
F). Rasing pyrolysis temperature ranges, the

4-benzenediol, levoglucosan,

proportion of volatile component of tobacco
decreased but proportion of pyrolytic components
increased. Principal component analysis of 4th(D,
from 250Cto 300C, and 5th(E, from 300Cto 35
0C temperature range gave distinct classification
between flue-cured and burley tobacco leaves
with eigen value of PC 1: 3.083, PC 2: 2.622 and
PC 1: 4.744, PC 2: 1.035, respectively. But at the
highest temperature range (F, from 350C to 400C

gave poor discrimination with eigen value of
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Fig. 1. Pyrograms of six tobacco leaves, three grades of flue-cured including B10(a), AB3O(b),
CD3L(c) and three grades of burley including B1T(d), AB3T(e), CD3W(f) under six stepwise
temperature range, 100°C —150°C (A), 150°C — 200°C (B), 200°C — 250°C (C), 250°C — 300°C
(D), 300°C — 350°C (E) and 350°C — 400°C (F) with heating rate of 50°C/min.
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Table 1. The results of pyrolysis of six tobacco leaves, three grades of flue-cured including B10(a), AB30(b), CD3L(c) and three grades

of burley

0C(C), 250°C — 300C(D), 300C — 350C(E) and 350C — 400C(F) with heating rate of 50C/min.

including B1T(d), AB3T(e), CD3W(f)under six discrete temperature range, 100C — 150TC(A), 150C — 200C(B), 200C — 25

Peak area (X100000)

% R Compands A 100°C—>150°C B. 150°C—>200°C C. 200°C—250°C D. 250°C—>300°C E. 300°C—>350°C F. 350°C—>400°C
BIO AB3O CD3. BIT ABST CDBA BIO AB3O CD6L BIT ABT CBW BIO AB3O CDGL BIT AB3T CDBW BIO AB3O CDAL BIT  ABST (DBW BIO AB3O CDAL BIT AB3T CDBA  B1O AB3O CDGL BIT ABST CDGW
1 5.30 Fufuel 00 00 00 00 00 00 735 735 735 244 1656 40 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00O 00 00 00 00 00 00 00
2 6.10 Furfunyt alcoha 00 00 00 0.0 00 00 736 736 736 %9 183 56 00 00 00 00 0.0 00 00 00 00 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00 00
3 1095 5-Methyl furfural 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 33 5.2 298 66 186 65 00 00 00 00 00 00
4 11.25 Gyoerd 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
5 1208 Phend 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 161 99 704 451 637 00 2601 3241 1992 1230 1581 1066 1228 1455 53 630 711 475
6 1442 Qovione 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 97.9 974 586 SB1 686 544 00 00 00 00 00 00
7 1488 d-Limorene 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 223 3BI 238 WY 4283 625 7579 9168 3706 7594 7918 4265
9 17.75 4Methyl phendl 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 717 1109 610 832 725 9
10 1803 Methvi-2-fucate 00 00 00 0.0 00 00 0.0 0.0 0.0 0.0 00 0.0 00 00 00 00 0.0 00 00 00 00 0.0 00 00 736 86 595 790 95 653 00 00 00 00 00 00
11 18.96 Gydaoutanol(?) (unknown) 00 00 0.0 0.0 00 00 0.0 0.0 0.0 00 0.0 00 00 00 00 0.0 00 00 2459 2221 131.2 386 311 00 2967 3289 1835 1675 154.8 1852 00 00 00 00 00 00
12 2228 23-Dhvdo-35dhvdroy- 199 30 25 00 00 00 13082 10248 309 260 02 536 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
13 2323 56-Dhvdo2HFPran2-one 00 00 00 00 00 00 410 5.7 70 250 191 00 &85 8717 298 10 03 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
14 24,08 3£ty prendl 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 312 3.9 20 284 06 198
15 2525 SHdowmethvidhydofuan- 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 8.8 895 841 0 46 606 00 00 00 00 00 00
16 2599 1,2-Bervenedd 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 66225 1611 642 691 825 281.5 3WS5 2110 752 124 451 00 00 00 00 00 00
17 27.10 1,4;3,6-Dianhydoa—d- 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 785 914 705 514 59 525 501 636 313 302 HBLI N5
18 27.66 2.3-Dhydro berzofuran 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 453 S0 426 1 404 288 515 679 48 461 708 408
19 2838 HW 00 00 00 00 00 00 00 00 00 00 00 00 10838 493 €58 13 25 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
20 2885 Decahydronaphthalene 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 193 216 173 181 201 201 00 00 00 00 00 00
21 31.49 1.4-Berzenedal 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 98 96 600 146 00 00 417.3 4799 2008 94 1622 825 00 00 00 00 00 00
2 3233 hdde 00 00 00 00 00 00 00 00 00 00 00 00 33 09 17 173 165 102 00 00 00 00 00 00 767 89 610 1106 1113 1009 747 95 485 117.7 1283 1126
23 3364 2-Methoxy-4-vinviohenol 00 00 00 0.0 00 00 0.0 0.0 0.0 0.0 00 00 00 00 00 00 0.0 00 00 00 00 0.0 00 00 3|6 RI 269 186 24 212 00 00 00 00 00 00
24 3576 Nootine 1805 19168 7101 13823 12097 3763 65136 75821 26692 60000 52520 17795 17583 20086 9695 58542 61600 20152 3187 7145 2021 18756 1969 5 0.5 484 291 94 1096 677 00 00 00 00 00 00
25 37.05 Sdanon 00 00 00 00 00 00 77 114 49 73 39 39 58 86 49 31 40 30 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
27 3829 3-Methvi-1HHndole 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 771 82 350 594 08 467
28 40.14 Nomicotine 00 00 00 36 89 00 0.0 0.0 00 1890 393 97 00 00 00 &1 29 /6 00 00 00 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00 00
29 4056 Myosmine 00 00 00 29 30 00 00 00 00 00 6.6 216 00 111 34 2684 289 &3 136 191 62 2396 201 83 97 257 162 1612 198 487 00 00 00 00 00 00
0 4250 26-Dmethy-1.4-bervenedd 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 155 159 167 251 276 177 30 385 192 111 153 7.2
31 4330 2,6,10-Trimethy-2,6,10~ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 41 5.5 395 976 1258 690 965 127 620 1132 1279 524
2 4410 Nootvire 00 00 00 00 00 00 55 38 00 57  ai 00 38 29 00 186 143 71 105 145 43 553 476 201 154 308 138 637 706 396 00 00 00 00 00 00
B 4430 Anebasine 00 00 00 00 00 00 29 20 00 122 139 00 00 00 00 28 20 18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
34 4486 Levoglucosan (or d-Alose) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 @4 588 238 149 177 41 88 1402 380 310 751 279 00 00 00 00 00 00
% 4605 Uknown 00 00 00 00 00 00 00 00 00 1090 1069 481 00 00 00 1212 &8 &5 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
3 47.03 2.3-Biovich 00 00 00 00 00 00 72 57 19 165 19 78 170 247 68 85 68 1 147 161 71 687 607 400 00 00 00 00 00 00 00 00 00 00 00 00
37 50.04 Megastigmatrierone 00 00 00 0.0 00 00 0.0 0.0 0.0 29 24 14 141 97 &7 63 6.0 00 271 300 261 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00 00
3B 5013 5-Phenvi-1.4-dmethvi 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 202 184 78 00 00 00 00 00 00 00 00 00 00 00 00
39 5005 Megastignatrienone 00 00 00 00 00 00 00 00 00 00 00 00 152 128 126 16 09 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
4 51.84 Qunicacd 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 158 1866 570 402 768 265 1061 2471 566 418 1508 203 00 00 00 00 00 00
41 5258 Megastiomatrienone 00 00 00 00 00 00 20 18 19 14 20 15 22 %2 281 43 54 33 %6 404 418 109 91 47 00 00 00 00 00 00 00 00 00 00 00 00
2 5360 3-Oxo-a-iond 00 00 00 00 00 00 00 00 00 00 00 00 97 85 124 75 56 79 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
43 5659 Cofinine 00 00 00 00 00 00 00 00 00 29 34 00 00 00 00 193 194 88 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
4 6046 N-{b)-Fomvinamicotine 00 00 00 0.0 00 00 0.0 0.0 0.0 7.7 35 0.0 00 00 00 5.4 88 201 29 26 00 839 870 6 00 00 00 00 00 00 00 00 00 00 00 00
45 6556 Neophytadene 129 169 2717 1761 1510 211 3B/11 3069 3878 5167 44 442 30 607 468 87 765 626 122 180 165 475 473 273 150 252 229 51 474 334 91 239 141 418 408 191
46 67.86 Famesd isomer B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 141 169 129 264 38 132 498 729 7 658 705 404
47 6849 Famesd isomer B 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 3.0 467 333 749 815 351 &0 154 634 1302 187 818
48 6957 (ndicacid 00 00 00 00 00 00 27 27 00 24 00 00 107 182 72 117 96 21 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
51 70.46 Unknown 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 58 88 45 429 380 116 00 00 00 00 00 00 00 00 00 00 00 00
£ 70,94 Palnitic acid 00 00 00 00 00 00 00 00 00 00 00 00 757 286 873 149 73 80 146 131 181 138 164 86 677 628 743 526 722 429 814 740 92 362 268 4.0
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A. 100 C — 150 C : Principal components is not extracted
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Fig. 2. Principal component analysis on pyrolysis of six tobacco leaves, three grades of
flue-cured including B10(a), AB30(b), CD3L(c) and three grades of burley including B1T(d),
AB3T(e), CD3W(f) under six discrete temperature range, 100C—150CA), 150T—200TB),
200C—250TC), 250C—300CD), 300T—350TE), 350 C—400CF) and Entire temperature range
from 100°C —450CG)with heating rate of 50Cmin (orient tobacco such as IZMIR and burley
stem expanded tobacco, and three commercial cigarette brands a,3,y were additionally analyzed
and discriminated by PCA.)
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PC 1: 5,929, PC 2: 0.032. As the tobacco samples
higher
severe

temperature, they
pyrolysis.  Their
characteristic pyrolysis products have already

were exposed to
underwent  more

escaped from sample matrix in the previous
pyrolysis step and remaining residue became
close to char state. Hence, pyrolysis at higher
temperature range, in this case from 350C to
400C could not generate useful information for
the leaf discrimination. Pyrolysis experiments
over the whole temperature range from 100T to
450C for three flue-cured and three burley
tobacco leaves, plus three commercial cigarette
brands a, B,y and puffed tobacco made of burley
stem and oriental tobacco IZMIR were done. PCA
on this broad
discrimination between each tobacco leaves with
eigen value of PC 1: 7.298, PC 2: 1.785, PC 3:
1.276. (fig 2. G). Though the number of sample
was very small in this study, and the sample
cigarettes had been processed tobaccos by casing
and flavoring, the PCA
possibility of differentiating cigarette fillers from

temperature range gave

result shows the

raw tobacco materials by pyrolysis.

CONCLUSIONS

Pyrolytic products of tobacco leaves, mixture of
compounds generated from tobacco lamina, give
characteristic information about tobacco leaf
itself. So different kind of tobacco leaves such as
burley

distinguished by principal component analysis of

flue-cured and tobacco can  be
the pyrolysis results. These two kinds of tobacco
were originally classified according to their
species, and the pyrolytic behavior was also
other. Good
discrimination of tobacco leaves is achieved at
temperature ranges of 250C~300C and
300TC ~350C. Though pyrolysis method gives
indirect clue of real smoke, it is quite simple,
convenient and undergo less loss of information

differentiated from each

compared to traditional direct analysis of real

smoke. These model studies of pyrolysis could
give birth to indirect but largely
information about smoke components of cigarettes

reliable

made of different kinds of tobacco lamina.

REFERENCES

Halket, J. M., Schulten, H. R., (1985) Rapid
characterization of tobacco by combined direct
pyrolysis—field ionization mass spectrometry
and pyrolysis-gas chromatography-mass
spectrometry. J. Anal. Appl. Pyrol, 8: 547-560.

Miller, B. H., (1985) Experiences with grade
assessment by "condensate predictions” from
tobacco pyrolysis. J. Anal. Appl. Pyrol, 8:
577-585.

Schlotzhauer, W. S., Chortyk, O. T., (1987)
Recent advances in studies on the
pyrosynthesis of cigarette smoke constituents.
J. Anal. Appl. Pyrol, 12: 193-222..

Scheijen, M. A., Boon, J. J, (1991)
Micro-analytical investigations on lignin in
enzyme-digested tobacco lamina and midrib

pyrolysis —mass
Curie—point pyrolysis—gas chromatography /
mass spectrometry. J. Anal. Appl. Pyrol, 19:
153-173..

Schlotzhauer, W. S., Snook, M. E., Chortyk, O.
T., Wilson, R. L., (1992) Pyrolytic evaluation
of low chlorogenic acid tobaccos in the

using spectrometry  and

formation of the tobacco smoke co-carcinogen
catechol. J. Anal. Appl. Pyrol,22: 231-238.

Faix, O., Bremer, J., Meier, D., Fortmann, I.,

M. A, Boon, J. J, (1992)
Characterization of tobacco lignin by analytical
pyrolysis
spectroscopy. J. Anal
239-259.

Bokelman, G. H., Ryan Jr, W.S., Oakley, E. T.,
(1983) Fractionation of bright tobacco. J.
Agric. Food, Chem, 31: 897-901.

Milne, T. A., Soltys, M. N. (1983) Direct
mass—spectrometric studies of the pyrolysis of

Scheijen,

transform-infrared
Appl. Pyrol, 22:

and Fourier

- 101 -



Chang-Gook Lee, Jae-Gon Lee, Hee-Jin Jang, Young-Ju Kwon, Jang-Mi Lee, Jae-Jin Kwag,
Soo-Ho Kim, Yong Joo Sung, Chang-Ho Shin, Kun-Soo Kim and Moon-Soo Rhee

carbonaceous fuels : I. A flame-pyrolysis
molecular-beam sampling technique. J. Anal.
Appl. Pyrol, 5: 93-110..

Milne, T. A., Soltys, M. N. (1983) Direct
mass-spectrometric studies of thepyrolysis of
carbonaceous fuels : 1L

observations  of

Qualitative

primary and secondary
processes in biomass. J. Anal. Appl. Pyrol, 5:
111-131.

Crispino, C. C., Fernades, K. G., Kamogawa, M.
Y., Nobrega, J. A., Nogueira, A. R., Ferreira,
M. C., (2007) Multivariate Classification of
cigarettes according to their elemental content
determination by inductively coupled plasma
optical emission  spectroscopy.
Sciences, 23: 435-438.

Bokelman, G. H., Ryan Jr, W.S., Oakley, E. T.,
(1983) Fractionation of bright tobacco. J.
Agric. Food. Chem, 31: 897-901.

Crispino, C. C., Fernades, K. G., Kamogawa, M.
Y., Nobrega, J. A., Nogueira, A. R., Ferreira,
M. C., (2007) Multivariate Classification of
cigarettes according to their elemental content

Analytical

determination by inductively coupled plasma
optical emission  spectroscopy.
Sciences, 23: 435-438.

Faix, O., Bremer, J., Meier, D., Fortmann, I.,

M. A, Boon, J. ], (1992)
Characterization of tobacco lignin by analytical
pyrolysis
spectroscopy. J. Anal
239-259.

Halket, J. M., Schulten, H. R., (1985) Rapid
characterization of tobacco by combined direct

Analytical

Scheijen,

transform-infrared
Appl.  Pyrol, 22:

and Fourier

pyrolysis—field ionization mass spectrometry
and pyrolysis-gas chromatography-mass
spectrometry. J. Anal. Appl. Pyrol, 8: 547-560.

Milne, T. A., Soltys, M. N., (1983) Direct
mass-spectrometric studies of the pyrolysis of
carbonaceous fuels : I. A flame-pyrolysis
molecular-beam sampling technique. J. Anal
Appl. Pyrol, 5: 93-110..

Milne, T. A., Soltys, M. N. (1983) Direct
mass-spectrometric studies of the pyrolysis of

Qualitative

secondary

carbonaceous fuels : 1L

observations of primary and
processes in biomass. J. Anal. Appl. Pyrol, 5:
111-131.

Miller, B. H., (1985) Experiences with grade
assessment by "condensate predictions” from
tobacco pyrolysis. J. Anal. Appl. Pyrol, 8:
577-585.

Scheijen, M. A., Boon, J. J, (1991)
Micro-analytical investigations on lignin in
enzyme-digested tobacco lamina and midrib
using  pyrolysis—mass  spectrometry and
Curie—point pyrolysis—gas chromatography /
mass spectrometry. J. Anal. Appl. Pyrol, 19:
153-173..

Schlotzhauer, W. S., Chortyk, O. T., (1987)
Recent advances in studies on the
pyrosynthesis of cigarette smoke constituents.
J. Anal. Appl. Pyrol, 12: 193-222..

Schlotzhauer, W. S., Snook, M. E., Chortyk, O.
T., Wilson, R. L., (1992) Pyrolytic evaluation
of low chlorogenic acid tobaccos in the
formation of the tobacco smoke co-carcinogen

catechol. J. Anal. Appl. Pyrol, 22: 231-238.

- 102 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




