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Tab. 1 Information of cigarette made by different tobacco types
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[Epinpiim El RKEE) TN86 CIF
H I 2 E2 WAL B it G CIF
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458 A MR FH IR R 7 20, A TR P SR 25 S
K TR IR AR AT I ORI AN EE 5 A%, ik
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R4 25 24 55 mL ShIRRFSEF ) 2 s IR A
#K30 so HTPs T -5 HH 25 0 A4 (1) 08 52 B 308 ik
We 8 1, KRR 7 SNHIA% S AR SR 7 11, 353%
W 4 S, AR B SR R AR, UM
g3 B R T SR IE 2 5 AT AL O B, Wik
AR 20 mm, BRIEFT FL S FE BSMR 1 BE & A 2
mm, WO T A 10 mL K&

1.2.3  FEAHTAEEAN 3 Hr

VERRSE: B S,  BUH AR EE AORLAR
YISIMFIE r, BONEETE T, I 0.05 mL PRI
B 10 mL S B, A AH 10 min 5T
GC-MS ll5E .

AR ] 2 mL B4l K P IO -5 816
TR AR IERIE oy, AR SO R
FEHEBEOET, A 0.05 mL HNAMESERAM 5.0
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HRECREE: 220C; #HA: A (4ifE=99.999
%) , TEFAHEL0 mL/min; HEFEE: 1 uL; Wit
¥E, ZpUiEE2:1 (0~2.0 min) , 10:1 (2.0~20 min) .
PP THR AT FIURIEE60°C, LA C/minff) i T+
BAE0C, FHLL2T/minfEE IR E95°C, H/aLh
30°C/minffE R THE E220°C, FFRFFS min. HE T
A HFEZS (ED s BFIRIEE: 2000C; £
RIBFE . 230°C; VAFIAEIR: 4.0 min; g K A
R AR (SIMD , AN R AR B S AR B
IS [A] L2 6
1.2.4 BRI H] %

JHARAR) 0 A PR & bRVl T SR A
Hl AR BE-dS JTAR-2- FE b e -d6 3k 5 45 940 mg/
LIRS AR
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Tab. 2 Qualitative ions, quantitative ions and retention time of fifteen target analytes and internal standard

JF 5 HEro 44 AR /min - EEE T *ORERE T/ (m/2)
1 NEWE Pyridine 4.58 79%/51
2 2- AL 2-Methylpyrazine 6.02 94%/67
3 2- 2 FENEWE 2-Ethylpyridine 6.43 106*/79/51
4 2,5- FJEMLEE 2,5-Dimethylpyrazine 7.32 108*/42/81
5 2,6- —FILNLIER 2,6-Mimethypyrazine 7.48 108*/42/40
6 2- HAAFLNE B 2-Methoxypyrazine 7.71 110%/80/53
7 2,3- IR 2,3-Dimethylpyrazine 7.94 67*%/108/40
8 2- PHFEMIE 2-Propylpyridine 8.52 93*/106/120
9 3- ZHEENE 3-Ethylpyridine 8.98 92%/107/65
10 2,3,5- —H B RE 2,3,5-Trimethylpyrazine 9.64 122*/42/81
11 5- .3 -2- HIFENENE 5-Ethyl-2-methylpyridine 9.99 121*/106/77
12 2,3,5,6- U FHFENL B 2,3,5,6-Tetramethylpyrazine 11.94 136%/54/42

1S1? STARMLIE -d5 Pyridine-d5 4.55 84*/56

1529 AR 2- HIJERH B -d6 2-Methylpyrazine-d6 5.98 100%/72/107

" @ “*” FH#ET Qualitative ions

@ MEwE Y LATRARIERE -dS A AR Pyridine-dS was adopted as internal standard for pyridines
@ ML LA 2- HIFEIEEE -d6 A AR 2-Methylpyrazine-d6 was adopted as internal standard for pyrazines
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Tab. 3 The influence of the number of absorber bottles in series connection on the capture efficiency of gas phase of HTPs

WA 1 Absorber bottle 1

WS 2 Absorber bottle 1

H AR T4 Analytes

4 & Content/ HHEENCK Capture RSD/ &5 Content/ fHERCK Capture RSD/
(ng/Putff) efficiency /% % (n=3) (ng/Puff) efficiency /% % (n=3)
MEAE Pyridine 37.57 94.1 5.6 2.36 5.9 6.9
3- ZBENEWE 3-Ethylpyridine 0.89 89.9 4.6 0.10 10.1 8.6
2- HELIEIZE 2-Methylpyrazine 7.50 923 3.6 0.63 7.7 6.2
2,3- ZHIEENEEE 2,3-Dimethylpyrazine 1.05 90.5 42 0.11 9.5 8.9
2,5- ZHiJENERE 2,5-Dimethylpyrazine 1.16 90.6 3.8 0.12 9.4 9.1
2,6- — HFENLIE 2,6-Mimethy pyrazine 3.09 89.3 3.2 0.37 10.7 7.7
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2.2 SHRAEREG
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Fig. 1 The influence of different trapping puffs on distributions of pyrazines and pyridines
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Tab. 4 Linear correlation coefficient, quantitation limit, precision and recovery of the method

S A% Gas phase

FLAEY) Particle matter

H 4 Compounds L0Qs/ Rsppg | LoQs/ RsDps | HCE
(ng/Puff)  (n=7) Recoxiery/% R (ng/ Puff) (n=7) Recozery/%
(n=3) (n=3)

MHEE Pyridine 1.000  0.16 48 88~93 1.000 037 4.1 92~103
2- FIJEIEIEE 2-Methylpyrazine 0.998  0.53 1.8 94~98 1.000  0.80 1.4 94~101
2- ZIEMEE 2-Ethylpyridine 1.000  0.34 4.1 90~97  0.996  0.37 42 91~98
2,5- ZFEEMEEE 2,5-Dimethylpyrazine 0.995  0.59 3.3 93~98  0.996  0.59 4.6 93~102
2,6- — FHFLNL B 2,6-Mimethypyrazine 0.999  0.44 3.8 92~99  0.999  0.66 3.7 92~101
2- WA FENLEE 2-Methoxypyrazine 1.000 0.20 3.1 91~97 0.997 0.58 3.7 90~99
2,3- - FAJELNLEE 2,3-Dimethylpyrazine 0999  0.54 4.1 92~97 0999  0.63 1.8 91~97
2- FIFEIEIE 2-Propylpyridine 0999  0.24 42 92~97 1.000  0.54 3.7 89~101
3- ZIEMENE 3-Ethylpyridine 0.999  0.36 43 93~96  0.998  0.33 2.1 93~102
2,3,5- = FIFEMEEE 2,3,5-Trimethylpyrazine 0.999  0.58 3.0 88~95 0997  0.72 3.4 92~98
5- 2.3k -2- FIEEME 5-Ethyl-2-methylpyridine 0.999  0.39 2.6 87~96 1.000  0.65 42 91~97
2,3,5,6- PUFFEMEIE 23,5 6-Tetramethylpyrazine ~ 0.999  0.58 2.8 90~97 0999  0.55 43 91~97

2.3 MrEEANIE A S AR SEY PR S EM
Stk
23.1 EFEHR
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3- LHEMEIE S REIE S R o 18 B 2R N RS A, 1R
IR NP RN . @ HTPs S itk e K4 )i
PLIEE A T, MHEIE S B AE 74.1~166.6 ng/ 1, #h0kE
AR LY 3- ZBEMENE A 2- ZHERERE, T 2- A A
5 2 B -2- AR nE R Reke tH (IR T2 &R

(3 HTPs M HHL RS 5T LA 2- H R ATk e A0 — FH Lk
R E, 2- IR & EAE 9.3~63.5 ng/ 1, —HI%
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Fig. 2 The content and distribution of pyrazines and pyridines in smoke particle matter and gas phase of heated tobacco products (5

different brands, H1~H3, 11~12, J1~J2, K1~K2 and L1~L2) and traditional cigarette (M1~M5)
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Tab. 5 Content of several main components in tobacco material of different heated tobacco products and relevant heating temperatures

T Al (mg/g)  TH=BE/ (mg/g) KT 1% IKIEERE /% R % TGRS /°C
HI 1.22 88.92 8.50 7.12 1.76 340

H2 1.07 85.44 9.90 9.30 1.71 340

H3 0.92 93.16 8.21 7.98 1.72 340

1 0.47 96.44 8.82 9.79 1.67 340

2 0.76 106.44 8.52 8.68 1.68 340

J1 1.30 62.16 9.59 5.58 1.42 240

Ap) 0.74 61.76 10.68 5.04 1.39 240

K1 2.30 48.88 7.62 7.43 1.12 340

K2 4.55 45.78 731 7.00 0.92 340

L1 1.24 135.84 7.70 8.78 1.44 300

L2 1.09 126.18 8.75 8.77 1.48 300
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Fig. 3 Comparison of content and distribution of pyrazines and pyridines in smoke from different types of
tobacco leaves under the same heating condition
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Fig. 4 Comparison of content of pyrazines and pyridines in cigarette smoke at different heating temperatures
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Study on the distribution and influencing factors of pyrazines and pyridines in the smoke
aerosol of heated tobacco products

XIANG Benfu"?, LIU Zhihua"?, ZHU Ruizhi’, ZHANG Fengmei’, TANG Jianguo’,
LIU Chunbo®, SHEN Qingpeng’, MIAO Mingming’, JIANG Lihong', SI Xiaoxi’

1 School of Chemical Engineering, Kunming University of Science and Technology, Kunming 650224, China;
2 Yunnan Key Laboratory of Tobacco Chemistry, R&D Center of China Tobacco Yunnan Industrial Co., Ltd., Kunming 650231, China

Abstract: [Objective] This study aims to investigate the formation, distribution and influencing factors of pyrazine and pyridine in the
smoke aerosol of heated tobacco products (HTPs). [Methods] Particle matter and gas phase of smoke aerosol were collected by cambridge
filter and aqueous solution, respectively. The contents of pyrazines and pyridines in particle matter and gas phase were determined by gas
chromatography-mass spectrometry (GC/MS), and the effects of tobacco type and heating temperature on the formation of pyrazines and
pyridines were also studied. [Results] 1) Pyridine, 2-methyl pyrazines and dimethyl pyrazines were dominant pyrazines and pyridines in
HTPs smoke aerosol, and the content of pyrazines and pyridines in smoke aerosol of different brands of HTPs was obviously different. 2)
The distribution ratios of pyrazines and pyridines in the gas phase of HTPs smoke aerosol were significantly higher than that in traditional
cigarette, especially the low-molecular-weight pyridine and 2-methylpyrazine. 3) Under the same heating condition, the yield of pyrazines
and pyridines was higher from burley tobacco than from sun-cured tobacco, and aromatic tobacco than from flue-cured tobacco, higher
from the upper tobacco leaf than from the middle tobacco leaf and the lower tobacco leaf, and higher from yunyan 87 variety than from
K326 and hongda variety. The distribution of pyridine and 2-methylpyrazine in the gas phase from burley tobacco, sun-cured tobacco and
upper tobacco leaves was significantly higher than that from other tobacco materials. 4) The increase of heating temperature was conducive
to the formation of pyrazines and pyridines, and the proportion of pyrazine in the gas phase decreased. [Conclusion] Increasing the amount
of burley tobacco and upper tobacco leaves in HTPs can increase the yield of pyridines and pyridines in smoke and their distribution
proportion in the gas phase. Moderate heating temperature can lead to a high content of pyrazines in smoke and high distribution proportion
in the gas phase. The results of this study provide reference for the design and smoke evaluation of HTPs.
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