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Correlation between endogenous harmful components in mainstream cigarette smoke and
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Abstract; Correlation analysis between main chemical constituents of tobacco leaves and endoge-
nous harmful components in mainstream cigarette smoke was conducted. Leaf stalk positions exhibi-
ted a high relation with endogenous harmful components and hazard index ( H). Upper stalk position
leaves had greater release of 1-butanone ,4-( methylnitrosoamino ) -1-(3-pyridinyl)- (NNK) , B[ a]P,
HCN, NH, and phenol in mainstream cigarette smoke, and a higher hazard index than middle posi-
tion leaves except for crotonaldehyde, which had greater release from middle position leaves. Differ-
ent endogenous harmful components in mainstream cigarette smoke presented complicated correla-
tion with main chemical constituents in tobacco. The same type of leaf chemical constituents presen-
ted different correlations with various endogenous harmful components in mainstream cigarette
smoke. Cigarette hazard index showed significantly positive correlations with contents of nicotine,
protein, total nitrogen, major polyphenols and organic acids, while significantly negative correlation
with potassium and carbonaceous substances, such as total sugars, reducing sugars and starch. The
results suggested that properly increasing potassium content and decreasing nitrogenous constituents
in cured tobacco leaf may reduce the cigarette hazard index.

Key words: mainstream cigarette smoke; endogenous harmful component; chemical constituent.
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Fig.1 Endogenous harmful components and hazard index ( H) in mainstream cigarette smoke at cured tobacco stalk positions.

I . L3t Upper leaf; 1. H3R0 Middle leaf.

TR A B AR ML IX SRR EFARR Co B
SR AE R AR T R, b IX 1,23 i 4
() BRI S AR CO BB R TF A e

P FR A 5 AR SRR AT A B (NNK) BT
e I A DI | A7 X AN [ b A o =
R NNK R E: 5 M A (]« b3 > s - A
H TSNAs S H 48 B AR Wi (35 22 A w25 P 3k
B A TR0 307 0 BB ) 55 0 il e 5 45 T o, A
Yy 55 S0 A6 FH 30052 0L A, AR R Bl C-N R
S R RER R, AP A BRI R s, N-HL ¢ N-N =
O BT, BIIE R TSNAs' B BF5E 00 7% 40 1 3 4
I 14 A R T R RERE ak  ARI g A

AIE[al BB (B[ alP) fEB MRS i & 2 = i
SR AR AR R 5 E AR B[ a] P B
e L RTABRS S Y s O N i i iy e
HS B a] P RECHE 4 52 M AH ). [R) i 1% 22 (18]
B ERAE M AR Bl a ] PRSI 22 AN H] H
IRy : b > gt

5 /™ DX 114 96 R S T A v B R ) R B A
FIA RS bt G RE E R AR
SRR AT IR S A B, 216 A IR b i
A= R AT R A e TR R R B
b > F A R Y B R R B R



1450 VA

M

ORI S

26 %

> R > RO A 5 2 B A il
Tk P2 U B 20 3, 3 5 A9 P o A O R
i () AR AR W 5 068 AR =3 3 A A T 1) o i
PyFe oA B> rh i A B ST R M
[ R i o e A R G A e e .7/ 0 s )
YR S Tt X S AR 458 25 .

5 A4 Hb DX A 45 0 3 A0 A N B4 R R AR
B S w0y S R A R R = R o e A
B R G, Y 5 il R R 13 T s g B B
FEPR AN H 2R 1) FR S 25 VAR O 8 00 3 7 5
50w o A A RS PN 5 A AP W RE =N (U= 9 e
A —H5 A HBIX )5 40 3 A S HON RSk
EHRIA L > pgn

BN SE FVEFE B (H) 7T LLRAE 00 3
MR fEEYE.S b X BRI 1 E YR BN 138
> HER I, 3 0] B85 0 00 R I 25 R BUE L A
AW SRR L.
2.2 B FE A AR A E AT 5 TR 1 A
Kotk

B CO FERMLAAER TEMH R
P 12 5 TR 25 ) TR 2 SR s AR R it = A 1) ) 0
FFANR CO BRI 55 005 PRI SR 5 1 2
IR AR OG, L) 55 0 R A e AR L A
A B A AR A DG R £33 0.293,0.330,0.389
0.358, 5 b B B AH OC R BCR 0.546. 85 10 3 i 40 <
CO Bt 5AMIIR s 28y B AL A S
W A OC, o S LR R R SR
TR EEHEN R A4 A 56 2280 - 0,233, -0.426 .- 0.230 ,
-0.455, 5 Z W i 4-o-MNHEREZS JE R | 3k JE i 3L 25
TR R B N -0.204  -0.465, 54  MAEME
FITT & f B A 56 R 8043 00 O - 0.428 - 0.339 Al
—0. 481X R LR A=Wy ial #1388 i
LW TR 52 T2 AR AR CO R 1 B A
O3 BT RIS CO BIBHCRT g7 38 XU .

KT TSNAs JE UM R SR CRC A
AR (HSE AR —E H AT, Wk A AE Y e A
AR H 5 TSN As A= 4 A BB BB w25
AN HiL DX F R JARE A TSNAs F6:30 45 S 26 B, B 0 320
MR NNK Bl 5 2 A0k A PR a1
TRIER o 2o My e B W AR A G, Horp , SR A
i A KRR R ARG I R R ) A DG R ECR 0.566
0.407 ,0.366, 5AHLIR & i  HR PR IR AT IR
(I BB 0.569 .0.554 .0.536 ,0.334, 5 £ i th
RTER IR IR | R 5 BRI 25 1 A S R B

0.224 .0.486.,0.358 , 5 B A A SC R ECH 0.685
0.748. %4 = i 0 NNK Bl 5 800 8 s nT
VSPERE B 2 1 2 ORI O, Horh ) 5 800 IR R Y
AR BN -0.456 . —0.687 , 5 5Bk A ZhE  RERE
TR T M A OC R B -0.514 .- 0.657 ,
-0.342 ,-0.424.

PIERI5 48 (PAHSs) 23853 FH & A 2 A2 4
DL ESRES H DR IE M 2 Ak &, 1R 2 A 3L
Jiga i i, b B a ] P A Ay 2 i ik 19 B0 9 T
SR Bl a] P2l A A B B R AT 4R
B I S 2 1o SRR A R TR A G R Y A 3
WAE AP AR bt 5%, (0 BLAR AR ik 12
WA TEA T 5 E RS Bl a] P B 5 %
FHLIR | HS B B4 22 By A0 AR A A A S IR A
K, Hrh AR SR SRR AR A C R AL
4 0.342.,0.309,0.500, 5 {5 fs S i IS B SR
fit G B E B EE A A OC R BN 0.443 0,513,
0.426.,0.702.0.283, 52 My i R 55 5 K FERE L 25
T A E RN 0.251 ,0.484 , 5 ITHI A C &
0 0.318. 18 M0 T WM< B a] P BRI & 5 3 40
FUEBE & & 5 W A oG, HAH 2 R0 R
-0.361F1-0.280. X KA Z B A HLRR IS FIHE Y
JoT A S R A R B a ] PRSI 1Y FEEE AT
AR S0 A BAEY 23 R UK S IS o R
TNE B J5 1k 25 58 T A 185 BT 4 0 32 3 00 <
PAHs 520, 45 5 3R B, BB i 5 Bl a] P BRI
AR IEAROC X AR A R — 2L

AR RN, WL ERE S Y FE
MHEF ) — L R FI G Y (S R R
RN 1 BT 28 ) 76 46 M A e ok A v 28 B AL i A
B e R 2 S A A L T R A R e v
HCEE EBE TER B TR S R
IEARSG, Hiv ) 5 6 i i A S SR S L S
M 36 M BE Y AH O R B 0.478,0.708,0.395
0.692.,0.363, 5l JE BE SO TERY BB AR G
ZH0N 0.416.,0.252 .0.399 .0.257, 5 BB PR
FHIE R ECR 0.378 ,0.568. 45 41 = 37 A A= L 5 B ik
S EE 2B B AR SR R
MAEFERE2REAMAC, b 5Z2Hh 0 &’
P EEF A RECN-0.486 . -0.336 . -0.587,
50 B R L A2 3 B R G R B0 - 0..566
-0.314,-0.470, 5 H MR 2 SRR AR 1
THER A OE R B0 -0.309 . -0.299 . -0.477 .—0.381,
AR EAMEE TS ENHECRECH-0.252,



5 3] B RLAE I A0 2 WA SN A 3 05 AR A~ i AR S 1451

-0.583 ,-0.209.

By Ak A P — P A i JF R 2 ORI 1
P R TR A MR A v ) R T 32 ok Y R R v 2
FAEY) LY AR IR A R0, B
FBLIRAA 5T 2R R BB A 1 07 =X, 208 T S
20 R0 2 B IR R | AS BE 4 1 b W S T B
R ATL L. 38 3 4 3 88 3 et 55 R I 2 2 1 5 W I ) A
AT, ¢ B 5 A = A SR I R i S e 2
Wy AW AR SR B MEE T ERED
FAEME, Horp 52 R e RR B 2
B AR A T A SC R EC 0.219.,0.220,
0.380.,0.335.0.352, 5 A= Wk ik i R A Rk A1
AR i 4R E 8 AH OC R AR 0.367 ,0.582,0.386
0.286.0.550, 543 HLER B | FR SE R IR A B R
A 2250 0.349 .0.416,0.297 .0.295, 5 BA
BT SBT3 A SC R A 0.636.,0.606,0.209.
J8 0 2 A SR B R G SRR B i e
EAAC, A IE R B 3] -0.404 | -0.566. 3% 7%
ZMWE EYSE AR YR AR
TS ) T R R 6 AR T IR SR I R e ) R
5%

B E WA A B NH, FBSRIE TR Ay &
RACEY) ARSI ES BeEh VAN R | 2R R
I B RN R A IR A W 5 M e e i R
B, B 2 A A NH, B S5 A i A LR L 2
Wy SR RPN AE S R B R, T 54
Yol m AR BB A BB 5 R Bk ) A DG
ZHB0CH 0.304.0.572.0.333.,0.228 ,0.543, 545 HLIE
SRR CSERTR TR R A O R B 0.351,
0.453.0.296.0.290, 5 &M St R a S5H T K
FERE L 257 H B A OC R B 0.214,0.422,0.373
0.32, 50 A . EHMAE THMHLRE N
0. 623 .0.642 Fi1 0.364. %% M = 17 8 < NH, Bt it 5
FIVASPEME S, 0 JEOHE  TE A TN S e A
TOAHDC, o 5 500 A 22 2R A OC R BCH
-0.344 . —0.437 . —0.434 5 B of JEOBE | 3E 8 A AT
B THIR S R -0.345 . -0.307 .~ 0.360 , —0.292.
e IEA T INELY/E T WS IN 3 i L) i 4 = Do
BT R TR TR R W I S R NH, R
A FEE ALY

HCN 7EMA & B B2 WA i B 4
EFMNYI. BAT, & TE MM HON 18 5%
PLERH 57 22 R FHR R AR 04 7 X8 BF 95 2 0, B4
FHAH HON =22k [ A0 i 28 1 R A

FRER A, DL R H 2R I 2 R N 28 5k — IR IR ) 4
fift > ARSCATMT I, 5 00 R HON Bl i
oy 2By  ELEA Y e i SA AR
TEHEEREILMX, Hh 5FT AL EE
TR R B 0.206 ,0.244 | 55 £ Wy i & JH55
ABCA T B, i 00 R B ) A G R 2 0.308,0.364
0.321.0.364, 5l SR HARMARE & &
AIAHSE R %0k 0.384.0.290,0.326,0.237. ¥ 4 i
HHA HON Bl 5 B0 5 o 4 B 3 BRORE G A OC
REON-0.212. X R 73 2 By | FZEY)08, i e
Pt AR BT B R SR ) BT R e 5 I 3 A S
HCN B ) =25

BN F M BUZ B IR F o Rl S
& TR B 2R B W K 35 R s 5 M A IR R
N ) B HE A TR G A3 AT, 6 W08 A 11 3 PR s A
A EEEA LR AR 2 SRR
A i R AROG, Ho ) 5 A Y m R S
Bl 3% 0 BT 0 P R DG R B 0.224,0.459
0.357.0.396, 5 AMLER B & R R AT GR
(IR 2B 0.449 0.464 .0.385 ,0.447 , 545 5§ i
A ERECH 0.303, 52 W h R a5 2535 B A9 AH
KRECN 0.466 .0.267 , 5 B A RN B 5T 4 AH 2 R L
4 0.613 F1 0.608. 45 4 3= Uit A < fe T M A8 20 5 v
PEVE EBE 8RR A R A A
K, 5RME AN | 22 2P0 0 AH OC RO - 0.406
~0.574 ,~0.428 , 5 G G IO VE A R BT AR
KRB -0.448 . —0.540 . -0.373 F1-0.215.4
5T R, e 3B 1 & B & E 2 A PRI
Z W) o i v TR T RS R O e D)
JE R I T AT LI Ak 2 a3 2 B
Ay EOEE Gl o D L (R R oy T R R I N

3 i

HIEXF 5 AN 77 DX A I8 AR - 1) JBORE 43
BT, AN TR KR 3057 6T 2 0 B Ak R = 3 40 AN ) PN T
A R PRI 5 ) N [ ) R e = R R S
V5 A3 R it R 45 0 6 5 A B S AR v A
BT B SRR . 04 AR i R AR AR CO R A
ISV B A 2 0 R, B B R e R By
> FFRH, NNK %I [a] B8 HCN | 220 F02K ) 1Y B
R IR b > e AR A Y
PEFRECS H R AR A H , A T A KT

R P R S 2 22 0 U AR AR T AR A



1452 N A

i 26 %

A T T BT A, AR R AR L 2R
SERFIAL A o 14 25 57 23 T AS IR T2 TR AN TR P
VA 35 183 R T P A A 18 35 PR 48 A TR
RO SRS WA R N IR Y
AR SR, (B[] N IR 3 o0 5 A o 32 2
B RSN R R %, [l — 2 B M A 2
I3 R IS AN [ B8 PR T s vl B AN [ A TE AT 5%
s OARSE, R T IR GE— SO JE YA OG SR & AT
BRI ENELR G R B F ek, 5
MR AR R SR AR S R R L
B AP IR ARG, 0TS R T AR
i JEORE TS A5 S ) T 2 SRR 5. 0 AL S e
LI, S RE Y EEAPIRMZ B S
o B A SRR R R AR AT AR R A A
UG TSR R L s T AR A DA 3R
W3 >4 R AR 5 A 5 A o 55
A BE S AR 1 16 T PR FE R

ABT IR F 2 5 UBRE AT, A TR ER AL A 3
DB R i F2 WA N AT 3 100 R TR 1 DL 2 )
— AR PERURE IS, AN [ (9 RO 1T RE 52 25 Ml 5 4R Y
SURACAT A K81 1 A 2 PR S T
R A R FUAE i AR B R REAY S 1) D 22 , 20 A 245 2R
B 22 T VA S e 25 R - 2 AR P A
PRECE R e, (RIS R A T R G HL R 7R T 4]
JE R DA A B R B i B S AT Y
RO 2 — P R T UM | 3 BRI I 45 2% AR X
A DA 5 P B RS T X T A A KA 3K A
UEAT 3 13 R e LAY H 2 AR R L

S 30k

[1] Hoffmann D, Hoffmann I, El-Bayoumy K. The less
harmful cigarette; A controversial issue. A tribute to
Ernst L. Wynder. Chemical Research in Toxicology,
2001, 14. 767-790

[2] Hoffmann D, Hoffmann I. The Changing Cigarette:
Chemical Studies and Bioassays. Risks Associated with
Smoking Cigarettes with Low Machine-Measured Yields
of Tar and Nicotine, NCI Smoking and Tobacco Control,
Monograph 13. Bethesda: National Cancer Institute,
2001

[3] Xie J-P (f81°F) , Liu H-M (XHR) , Zhu M-X (R
WAE), et al. Development of a novel hazard index of
mainstream cigarette smoke and its application on risk
evaluation of cigarette products. Tobacco Science & Tech-
nology (MHRRME) |, 2009(2) : 5-15 (in Chinese)

[4] Food and Drug Administration, Health and Human Serv-
ices. Harmful and Potentially Harmful Constituents in
Tobacco Products and Tobacco Smoke: Established List

[5]

[10]

[11]

(12]

[13]

[14]

[EB/OL]. (2012-03-23) [2014-11-03]. http://www.{da.
gov/ downloads/ Tobaccoproducts/ GuidanceComplianceReg-
ulatoryInformation/ UCM29798.pdf

Xie J-P (##]°%). Chemical Components of Tobacco
and Tobacco Smoke. Beijing: Chemical Industry Press,
2010 (in Chinese)

Davis DL, Nielson MT. Trans. The Department of sci-
ence and technology education of the State Tobacco
Monopoly Bureau ( B % % % 32 R B B F #A ).
Tobacco: Production, Chemistry and Technology. Bei-
jing: Chemical Industry Press, 2003 (in Chinese)
Peng B (¥ i), Sun X-H (FM*:#E), Shang P-P
(M), et al. Effects of material’ s parameters on
deliveries of tar, nicotine, and CO in mainstream smoke
of virginia type cigarettes. Tobacco Science & Technology
(JHEERLE ), 2012(2) : 61-65 (in Chinese)

Xie W (i#f T0), Huang C-Z (##®), Su M-L (I
BAZE) , et al. Effects of material parameters on deliver-
ies of seven harmful components in cigarette smoke.
Tobacco Science & Technology (MH¥ERML) |, 2013(1)
31-38 (in Chinese)

Chen K-Y (BREL#E), Feng G-L (& #K), Li D-L
(Z=Z3E), et al. Effects of threshing and redrying
processes on delivery of HCN and benzo[ a ] pyrene and
crotonaldehyde in cigarette mainstream smoke. Journal
of Hunan Agricultural University (Natural Science) (]
FIAO R FARBLERR) | 2014, 40(2) : 144-
147 (in Chinese)

Yin P-D (JI§3%) , Zhu W-X (AR3CH), Zhao L-N
(XTI , et al. Effects of combined fertilization of N,
P, and K on nicotine content of filling type flue-cured
tobacco. Chinese Journal of Applied Ecology (Vi FHAEZS
224%) , 2011, 22(5) : 1189-1194 (in Chinese)
Zhang S-J (3K4E7%) , Huang Y-J (BJCH0) , Ren Q-C
(fEPRAL) | et al. Effects of nitrogen fertilization on leaf
senescence, photosynthetic characteristics, yield, and
quality of different flue-cured tobacco varieties. Chinese
Journal of Applied Ecology (N FHAEZSZHR) , 2010, 21
(3): 668-674 (in Chinese)

Deng X-H (XB/NME) | Xie P-F (5 &), Peng X-H
(W), et al. Effects of soil, climate, and their
interaction on some neutral volatile aroma components in
flue-cured tobacco leaves from high quality tobacco
planting regions of Hunan Province. Chinese Journal of
Applied Ecology (N FlEZS 2 4), 2010, 21(8);
2063-2071 (in Chinese)

Wang T (£ ), Bao F-W (El&4F), Wang L-S
(EXIHE) , et al. The influence of growing areas and to-
bacco crop year on contents of seven harmful compounds
released in cigarette mainstream smoke. Hubei Agricul-
tural Sciences (WALAMFIF) , 2014, 53(6) : 1330~
1333 (iin Chinese)

Huang C-Z (¥J#5) | Cai G-H (ZE[E4) | Zhao Y-Q
(X8R ) , et al. Correlation between hydrogen cyanide
in mainstream cigarette smoke and routine chemical
components in tobacco leaves. Tobacco Science & Tech-

nology (MHYERME), 2013(2) : 62-64 (in Chinese)



53

TR R4 - Je5 A0 2 VAR N A 35 o35 R A 27 L AR SR 1453

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

(24]

Jin Y-M (4K8), Zhang M-F (3KBI4%), Liu B-Z
(XI'E ). Analysis of polybasic and higher fatty acids
in tobacco. Tobacco Science & Technology (BB s
2002(4) : 21-24 (in Chinese)

Cai K, Xiang ZM, Zhang J, et al. Determination of
eight tobacco alkaloids in flue-cured tobacco samples by
gas chromatography with nitrogen chemiluminescence
detection ( NCD ). Analytical Methods, 2012, 4.
2095-2100

Xiang Z-M ([W&F4), Zhang J (5K §#), Cai K (%%
#l), et al. Simultaneous determination of phytosterol in
tobacco by gas chromatography mass spectrometry with
derivative. Chinese Journal of Spectroscopy Laboratory
OGIBSZE) |, 2011, 28(5): 11-15 (in Chinese)
Cai K ($% #1), Xiang Z-M ([560) , Zhang J (3
U#), et al. Determination of water-soluble sugars in
cured tobacco with gas chromatography. Chinese Journal
of Analysis Laboratory (43HT358:2), 2012, 31(1)
91-94 (in Chinese)

Zhang J (5K 4#), Wang Y-S (VE=H), Cai K (%%
#l), et al. Determination of solanesol content in tobacco
leaves by using ultra-high pressure liquid chromatogra-
phy. Chinese Tobacco Science ( F1EHHERL2E), 2012,
33(6): 80-84 (in Chinese)

National Technical Committee on Tobacco of Standardi-
zation Administration of China (4 [ 4H ¥ R fEfL £ R
Zhi4y). YC/T 202-2006, YC/T 159-2002, YC/T
161-2002, YC/T 162-2002, YC/T 166-2003, YC/T
217-2007, YC/T 216-2007, GB/T 23356-2009, YC/
T 253-2008, GB/T 21130-2007, YC/T 254-2008,
YC/T 377-2010 [ EB-OL]. (2012-03-23) [2004-11-
03]. http://cx. spsp. gov. cn/index. aspx? Token =%
24Token%24&First=First (in Chinese)

Zhu W-J (R3CHER), Yang J (5 fR), Liu B-Z (X
%), et al. Rapid determination of 4 tobacco-specific
nitrosamines in mainstream cigarette smoke by ultra-per-
formance liquid chromatography tandem mass spectrome-
try. Journal of Instrumental Analysis (TR AR |,
2010, 29(1): 26-30 (in Chinese)

Zhang J (3K §#), Zhou S-P (AW F), Geng Z-L
(BKHK), et al. An experimental study on rapid analy-
sis of phenolic compounds in mainstream cigarette smoke
by ultra performance liquid chromatography. Chemical
Engineer (4627 TREIH) , 2010, 183(12) : 29-31 (in
Chinese )

Han F-G (5 & R ). Tobacco Chemistry. 2nd Ed. Bei-
jing: China Agriculture Press, 2010 (in Chinese)
Seeman JI, Dixon M. Acetaldehyde in mainstream tobac-
co: Formation and occurrence in smoke and bioavail-

ability in the smoker. Chemical Research in Toxicology,

2002, 15 1332-1350

[25] Chen J-H (BRITA), Liu J-L (X)&#]), Long H-Y
(JEME ). The distribution characteristics of nutrition
elements and main chemical composition in China’s
tobacco leaves. Acta Tabacaria Sinica ( 7 [E {H B 2%
#R), 2004, 10(5) : 20-27 (in Chinese)

[26] Yan K-Y (E3EE), Yan H-Y (EHEHE), Yan H-X
(El#tE=). Comparison and analysis on the content of
petroleum ether extract in the flue-cured tobacco leaves
in different production areas. Journal of Henan Agricul-
tural University (FIFGAMLRA#2%748)) , 2007, 41(5) :
498-501 (iin Chinese)

[27] Liu C-K (XI&%), Cai J (% 1£), Yang ] (#
¥%), et al. Research on relationship between cell wall
material of flue-cured tobacco leaf and tobacco quality.
Guangdong Agricultural Sciences (]~ 7 &b Bl 2%) |
2012(12) : 33-35 (in Chinese)

[28] Baker RR. A review of pyrolysis studies to unravel reac-
tion steps in burning tobacco. Journal of Analytical and
Applied Pyrolysis, 1987, 11 555-573

[29] Burton HR, Bush LP, Djordjevic MV. Influence of tem-
perature and humidity on accumulation of tobacco specif-
ic nitrosamines in stored burley tobacco. Journal of Agri-
cultural and Food Chemistry, 1989, 37. 1372-1377

[30] Zhao W (¥ f55), Wang K-M ( EE#), Liu C-B
(XNFFWE) , et al. Pyrolysis behavior of five sterols and
its relationships with B[ a]P delivery in mainstream cig-
arette smoke. Tobacco Science & Technology (iﬁﬂ—
), 2013(9) : 54-57 (in Chinese)

[31] Liu S-M (XJ/0E), Ding B (T &), Tong H-W
(TR, et al. Influence of phytosterols on PAHs in
mainstream smoke. Acta Tabacaria Sinica (P E4HEL2%
), 2007, 13(5) : 10-16 (in Chinese)

[32] Yan K-Y (iE3E). Tobacco Chemistry. Zhengzhou:
Zhengzhou University Press, 2002 (in Chinese)

[33] Qiu Y-C (BEH), Cai G-H (ZEE), Wu Q-H (&=
JEHE) , et al. Correlation of ammonia in mainstream cig-
arette smoke and main chemical composition of tobacco.
Jiangsu Agricultural Sciences (VLIFAMEL24) , 2014,
42(3) . 283-285 (in Chinese)

[34] Johnson WR, Kan JC. Mechanism of hydrogen cyanide
formation from the pyrolysis of amino acids and related
compounds. Journal of Organic Chemistry, 1971, 36.
189-192

EEET AR, 5 ,1978 48 4 BIRESE . EEMN
AR ZAEFY. E-mail ; zhaolianggeng1 104@ 126.com

RERE N A




