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Analysis of free radicals in gas phase mainstream cigarette smoke of domestic and foreign cigarettes

LIU Dongyes BAI Ruo~shi, ZHOU Jun
Beijing Cigarette Factory . Shanghai Tobacco Group Co- Ltd- » Beijing 101121, China

Abstract ; Free radicals in gas phase of 196 domestic and foreign cigarettes were analyzed by electron paramagnetic resonance
(EPR) spectroscopy in conjunction with the spin trapping technique- Results showed that there was no significant correlation
between gas-phase free radical levels and tar or nicotine levels in mainstream cigarette smoke and may mainly due to the vast
difference of free radical levels among components of cigarette blending- For cigarettes with nearly the same tar levels, gas-
phase free radical levels of domestic virginia type cigarettes were significantly lower than those of other types of cigarettes
while blended cigarettes from both foreign and domestic were rather similar- A significant linear correlation (R2:O~ 891) was
observed between gasphase free radicals and nitric oxide in mainstream cigarette smoke -
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AR FER N TR IR (EPR) B e 463 %t [
PIAh 196 Bl E AR TP S Bl RS Bt T T
S FEOAT T B IR T O B S R AR
B NO LA 6 2R U ) A S, DASHT D 26 4 3 i A
b A R HERI E SR 2

1y

L1 {FI 528

R PUSEACER (JEIRAE T 34t « iR S (A
FAT) hife=200 H ) SRRy (Bruker A ] ) ;29
AT A Bl ( Nt Butyl- a-phenylnitrone, PBN, i J&
98%, Acros ZA]) 2,2, 6, 6-PU H KEMR BE-1-48 (2, 2. 6, 6-
Tetramethy L piperidiny 1-1-oxy , TEMPO, £fi & =98%, Sig-
ma AF ) R (LR EEE TRARAF),

XE SM-5 ELZAYE LA F R JE ML (KC Automa-
tion) : "2 JE T & 1T (Cerulean A ] ) s PDS-W1L 4f % 43 3%
I (OMERICA 7~ 7)) ; IM1000 & i 18 3% # (Clayson 2y
) ) s UM B AR E (A ) sTW2 EE KT (Jula-
bo 23 7)) s FRUESDEL LG (10 mL A ) s EMX-6 Bl
TR SR 3% A (Bruker 23] ) 5 42C NO-NOx 734 4%
(LG HBH AR AR 146C iR A% (LS4
BHEABRAE]) s Model 111 223 % A= 2% (Thermo Envi-
ronmental Instruments Inc- ) ;s NO FrESR (N2 ££47) (
FIMRE R ERE i AIF ST ) s SIHFUE Fr (Whatman 23
Al),

1.2 HmifE®

FEMIEEEE AT BB AL 196 AN S B
B 131, SCAB AR 107 A A 24 A A4
55 65 . SLHEARY 6 4, AT 59 4,

L3 R
L3.1 AHA B %
1.3.1.1 eG4 42

P R 288 GB/T 16447-20041), 75 {8 R 4E)E
FEPARFRRE (225 1) °C AR BE (602) 20 i 5
A 48 h, LI IAEE SR RREE (22£2)°CL 4
KHRHE(6045) %1,

DAY S AK B S 15 700 B 8 e B 005 mol /mlL #Y)
PBN VAR (H BB AR M) - R ) ) 4 2 " A 4R
THAH AR (OLIE L AIE 2) . N 8 mL () B i B4
MBI AR R B D Bl AR R F S FLIETRIEAL
b SEBSE F A St gk A TR MR, SR
GB/T 19609-20041 1 gk 4710 4 Sz .

LSRR 2. BIEmiew:3. S5E (35 am):
4 HHERE S IRIEHL
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LomAsEd: 2. R
B2 SHEHEHBEE
FE R 2 mmE0.5 mmsa- SMEH 9 mmib. FisME N 19
mm e 19% FRUERE 1, FUi4MEA 16 mmsd. EBAMED 6 mm, FHisME
2 mm, A2 1 mm e S d Al Aedy IR BN THHEARAS ) 176 mm s
f. L3GAMEN 26 mm A 195 FRUERE (45 ¢ Xt AU ARICRD) ig- 1 BE
75 mm, SME 9 mmsh- SME 22 mm:i- SMEH 18 mmsj. BdEAME A 14
mm, THEIMEH 9 mm,

M NAZE SR 4R 1 3R 5 PBN A&t i v
W TR NBRL B OE T B TWATMA. B
EPR. T4 L h, &, B SH. R EMX-6 AU 1R
AR T A 2 EPR 1% . iR B2 . 295 K 8 il
2,100 kHe : PAKIIE L 0. 10 mT: 935 55 . 10.0 mT s 45
s IE] 41,90 o5 B RESS  3012 mT s e T 10 mW s
R[] 5 4. 10. 24 ms, X P BR

TR MR AFEAFNEES 1 H, & T 30CHE K
PR IR TR AG TR, B 200 1o, BERE ST B 3
mm [ =R B S T AR5 BT EPR FR I IRE
BPR 5 min WA SEHE . TH R RIEMEIRTA,
1.3.1.2 bRyl 5 ih 2y /5 S AH B B B0 e &
T

FA DO SR AL B 175 W C 4 9K 2 43 31 2R 0.25 X 1077
0.50X 107" 1.00 X 10> _2.00 X 10> _2.50 X 10 £
5.00<1077 mol/L(*%ﬁﬁ@J 0.01X10°° mol/L) i) TEM-
PO FREIEWE . X TEMPO 5 fE R #E 4TI 2 » 10 sk
M5 R, FRRBR S R M B iR 81— ik
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HERE AR 201L4E 10 A 55 17 %6 585 5 )

FE (5 EPR 155 38 3 /N T 55 8 MR B TEMPO AR VS
W SRR M 5 SR L A S R D R B A B . B
TEMPO ARUEIE &R L S T AR (1) BB R A TiE
B(N).
N =¢X6.023X10% Xy (1)

K, ¢ Jy TEMPO FRUEFE W (mol /L) s V' TEMPO
TR TR B RS AR AR (2000

D5 < TEMPO ARUEVA M55 A EPR SRR 73
SSURE LM Lo, LLHE R= 11/ Ip % TEMPO RdERS
VAR BERT Y Y A (N ) A [ 0 il £, [ 05 o A S
FZHE ()T,

R =cN b (2)
s ¢ B b ZrB g E I dh L SR FIEEE, N 0 A7
X 10" 3 W% (spins)

Fie 1.3. 1.1 g 5 A2 SAH 3 25 5 PBN H Jig
ARG SIREN Lo, K To S51E B L Al AR
I EPR SR ME S8 Lot HAE Ro= Io/ IofRN
K (E)ARE NH, BB B BEER e
(N ATH ) R

Ni=N XVo/ V1 (3)
P Vo N IRIH S SAH B B 5 5 PBN &9 4 (R 1

(ML) s Vi oS Rnlll Br FSUM B B 281 PBN & #044¢
BA(200 ML), CREil R 20 S8 A R B <R B
HI R & B EA TP, DA 203 P A6 A0 4 1 AR A H
HEE. BANA B//fﬁ/ji(spins/cig) o
1.3.2 NO & &R 7%k

NO & A M BRAT AR HECE M i T AR
AP SE AL 2 0 1:) (YC/T 287—2009)MT
1.4 St

K SPSS 16.0v B3 My 25 28 BB T3 A Uk
A 2SR R ARSI T R AR R O 2=
IIMTALIZE SR LA LSD EAT P B 22 R AT

2 SR
21 EPSNG B SEE S S E B AR
%R

R L3 LA 430 E R P R B E
SEITIEXITT 7 B [ A S 196 A RS 1 36 08 (
PR 107 4, [ IR 2 24 A [EAME AL 6 4
E MR &AL 59 AN) BEAT 1AL, SRS AT A8 20
S S ALIE R AR AR R AR U A 1 52, 3
W S, HRZERILER 13k 4,

®1 EFEERESEEIRESHSHEERELNER(0—20)
A FE I/ T A B ERNEE TRAK SN FE I/ T SHEmEGNEE TRRY
5 (&Fr) /(1onspin/ciq) /% Yt (&Hr) /(101/1spin/ciq) /%
1 15mg/1'3mg 42.3044.06 9.60 59 13mg/1.1mg 25.894-1.97 7.61
2 8mg/0-8mg 18.81+1.97 10.45 o6 14mg/1~2mg 29.214+2.21 7.56
3 Bmg/l'lmg 32.17£2.56 7.97 o7 lng/l.lmg 27.3642.55 9.31
4 15mg/1~2mg 40.4443.03 7.49 o8 Mmg/l.ng 30.4241.99 6.57
5 15mg/1.2mg 27.9442.49 8.92 39 9mg/o~8mg 29.6243.59 12.10
6 15mg/1.3mg 23.494-2.12 9.02 60 8m9/0.8mg 25.17+3.10 12.32
7 12mg/l.lmg 28.934-2.69 9.28 61 5m9/0.6mg 20.5342.78 13.54
8 15mg/1-1mg 39.40+3.10 7.86 62 lOmg/l.Omg 25.344-1.76 6.95
9 15mg/1.3mg 48.1643.78 7.84 63 1Omg/0.8m9 44.82+4.84 10.81
10 15mg/1. 3mg 25.404-2.66 10.46 64 llmg/O. Img 33.07£3.87 11.72
11 15mg/1.3mg 21.72+1.75 8.07 65 12mg/1~0mg 45.10+3.87 8.57
12 12mg/1.1mg 41.9242.69 6.43 66 llmg/l.()mg 31.03£3.43 11.04
13 15mg/1.3mg 26.904-2.79 10.36 67 llmg/l.()mg 28.87+2.45 8.47
14 11mg/().9mg 44.6245.23 11.73 68 lng/l.()mg 33.5443.44 10.25
15 15mg/1.2mg 27.094-3.08 11.38 69 lng/l.lmg 33.76+3.52 10.42
16 15mg/1~0mg 27.8242.44 8.77 70 lng/l.lmg 34.5642.25 6.50
17 15mg/1-1mg 30.74£2.78 9.03 71 llmg/0~8mg 48.124-4.96 10.30
18 15mg/1~2mg 26.59+2.11 7.94 72 llmg/O.Smg 45.25+5.36 11.85
19 15mg/1.()mg 25.854:2.16 8.37 73 12m9/0.9mg 37.76£3.04 8.04
20 12mq/1.lmq 25.73+2.33 9.04 74 12mq/1~2mq 26.63+1.53 5.76
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(&= 1

21 15mg/1.2mg 28.324-2.43 8.99 75 llmg/().9mg 35.644-3.66 10.27
22 15mg/1~0mg 33.42+2.65 7.93 76 lng/l.Omg 37.16+3.10 8.35
23 12mg/1.2mg 28.98+2.13 7.36 7 12mg/l. Img 33.06+2.50 7.56
24 14mg/1.2mg 30.464-2.14 7.02 78 lzmg/l‘omg 29.78+3.16 10.61
) 11mg/1~0mg 17.584-2.39 13.62 79 8mg/0-7mg 25.33+3.06 12.09
26 15mg/1.2mg 37.644-2.37 6.32 80 11m9/o.8mg 49.9614.22 8.44
27 14mg/1.1mg 27.86+2.18 7.84 81 13mg/1~2mg 22.43+1.55 6.89
28 15mg/1.2mg 26.384-2.36 8.95 82 12mg/1. Img 37.0244.53 12.23
29 Mmg/l.Omg 23.09+2.11 9.12 83 13m9/1.2mg 43.31+4.76 10.99
30 13mg/1.2mg 35.014-2.86 8.15 84 lng/l. Img 26.42+3.53 13.36
31 15mg/1.0mg 30.27+2.48 8.20 85 lng/l.Omg 36.32+2.99 8.25
32 15mg/l.2mg 24.76+£2.76 11.14 86 11mg/0-9mg 27.51+2.99 10.88
33 15mg/1.2mg 25.521-1.33 5.22 87 12mg/1.2mg 29.27+2.63 8.99
34 14mg/1~2mg 23.98+1.12 4.66 88 11mg/0~7mg 32.12+4.49 13.97
35 15mg/1.0mg 26.2941.20 4.54 89 llmg/l.lmg 22.22+2.19 9.88
36 14mg/1.1mg 39.31+4.92 12.52 90 12mg/1~1mg 25.15+2.21 8.80
37 14mg/1.3mg 29.6442.63 8.89 91 lng/l.lmg 26.66+2.86 10.72
38 14mg/1~2mg 28.17+2.53 8.98 92 lng/l.ng 25.32+1.86 7.34
39 12mg/1.()mg 33.014-3.59 10.86 93 lng/l.()mg 25.59+2.51 9.79
40 15mg/1.2mg 34.664-2.32 6.68 94 15mg/1.3mg 28.6912.43 8.46
41 15mg/l.3mg 25.66+2.18 8.48 95 lng/l.Omg 43.85+3.81 8.69
42 1omg/1.1mg 21.3741.89 8.82 96 12mg/0.9mg 34.294-4.64 13.53
43 15mg/1~3mg 26.33+£2.47 9.39 97 14mg/1~2mg 29.66+2.48 8.37
44 15mg/1.3mg 26.9042.11 7.85 98 12mg/1.1mg 24.57+1.68 6.84
45 15mg/1~3mg 21.85+1.29 5.89 99 11m9/0.9mg 32.44+3.34 10.30
46 14mg/1. Img 33.544-3.28 9.78 100 llmg/l.()mg 31.324-2.68 8.56
47 15rng/1~0mg 24.49+1.58 6.46 101 lng/l.ng 39.71+3.24 8.16
48 10mg/1.()mg 29.58+1.93 6.52 102 llmg/0.9mg 26.144+2.12 8.11
49 15mg/1.2mg 38.374-3.76 9.81 103 12mg/1.2mg 34.334-1.58 4.60
50 12mg/0.9mg 30.24+3.53 11.66 104 15mg/1~2mg 27.09+2.32 8.56
ol 12mg/1.0mg 41.23743.22 8.06 105 llmg/l.()mg 23.3412.65 11.37
52 15mg/1~2mg 36.82+2.82 7.67 106 15mg/1~2mg 33.51+2.51 7.49
53 1()mg/1.()mg 22.9142.29 9.99 107 14mg/1.0mg 45.58+3.49 7.67
54 11mg/1.1mq 30.01+3.73 12.43

%2 EFRARSEIRESHSHEAERNER(—20)

B P/ 4R SHHE RS E BR R S0 P/ AR AMEBERNEE TRRH

%5 (&bR) /(1014spin/ciq) /% 955 (&hr) /(1014spin/ciq) /%
1 8mg/0~8mg 43.17+£1.79 4.14 13 6mg/0-7mg 19.384-2.61 13.44
2 81119/0.8mg 33.341+3.99 11.96 14 lng/l.ng 50.14+4.55 9.07
3 13mg/1.0mg 60.16+6.63 11.03 15 11mg/1~1mg 51.8749.26 17.85
4 15mg/1.3mg 47.5144.40 9.26 16 llmg/l.omg 74.184+5.59 7.53
5 12mg/1.2m9 65.35+5.89 9.02 17 8m9/0.8mg 50.40+5.68 11.27
6 151119/1'3“19 76.461+7.68 10.05 18 5m9/0.5mg 35.10+5.24 14.93
7 7mg/0~7mg 37.47+4.25 11.33 19 Smg/().?)mg 21.90+3.07 14.02
8 15mg/1.2mg 72.61£6.40 8.82 20 10mg/0.9mg 68.68+8.20 11.94
9 11mg/1.0mg 101.40+8.53 8.41 21 8m9/0.8mg 42.8742.13 4.97
10 12mg/1.1m9 67.63+5.17 7.64 22 8m9/0.7mg 46.85+7.41 15.82
11 llmg/l.lmg 82.89+7.37 8.89 23 1mg/0.lmg 12.2741.68 13.69
12 $mq/0-8mg 58.11+5.28 9.08 24 13mg/1- 2mg 86.45+6.52 7.54
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®3 ESMEEBEEERESPSHEEBREFRMER (0 —=20)

g Fe it/ M SHHBRAERTE R TREY S P/ AT SHAEHERNSE TREK

o5 (Eh) /(1omspin/cig) /% 95 (&hr) /(1olllspin/cig) /%
1 6mg/o-5mg 23.9343.24 13.54 4 9mg/0-8mg 26.684-2.29 8.58
2 Gmg/O.f)mg 29.13+2.20 7.55 5 lng/l.Omg 39.27+3.78 9.63
3 llmq/().8mq 52.68+4.73 8.98 6 qu/()~7mq 30.32+3.12 10.29

F4 EINEARBEEIMESHSHEBAERVLER(n—20)

&1 Fe it/ JE s SAHE RS R BRAN B P/ AT B mERNEE TRAK

%5 (ﬁ*fi) /(1OMspin/cig) /% 95 (ﬁﬁ‘) /(IOMspin/cig) /%
1 9mg/0'8mg 53.65+4.50 8.38 31 9mg/o-8mg 56.93+6.93 12.17
2 9mg/0~6mg 34.67+3.02 8.70 32 lng/l.Omg 81.64+7.01 8.58
3 10mg/().8mg 85.72+7.51 8.77 33 1mg/0-1mg 11.1241.39 12.51
4 ng/O.ng 15.984+2.00 12.53 34 61ng/o-5mg 36.44+5.14 14.09
5 5mg/o-5mg 33.36+£3.35 10.05 35 8m9/0.7mg 53.05+5.60 10.56
6 8mg/0-6mg 43.73+4.81 11.00 36 8m9/0.7mg 51.70+5.86 11.34
7 llmg/().&ng 57.59+2.83 4.92 37 lng/l.Omg 60.94+5.92 9.71
8 11mg/().9mg 59.75+4.58 7.66 38 lng/0.9m9 56.82+6.36 11.19
9 1mg/0.1mg 4.621+0.74 16.06 39 3Ing/o-3mg 20.36+1.98 9.71
10 6mg/0-5mg 30.04£3.32 11.03 40 lmg/O.lmg 10.06+1.24 12.27
11 7mg/0'6mg 29.90+3.24 10.83 41 6mg/o-5mg 34.02+3.59 10.55
12 lzmg/().&ng 35.91+3.25 9.05 42 8mg/()-6mg 41.89+2.47 5.90
13 12mg/0-8mg 39.75+3.39 8.54 43 l()[ng/O.Smg 53.2245.32 9.99
14 8mg/0-7mg 54.37+£4.71 8.66 44 12mg/1~7mg 104.0146.70 6.44
15 12mg/1~omg 72.06£5.72 7.94 45 8m9/1.0mg 86.4247.85 9.09
16 lmg/O.lmg 7.97+£1.17 14.68 46 lmg/O.lmg 6.96+0.51 7.29
17 6mg/0~5mg 24.35+3.67 15.06 47 l()mg/O.Smg 72.35+5.15 7.12
18 1()1119/0.6“19 76.75£5.67 7.38 48 6mg/0-5mg 34.06+3.51 10.31
19 8mg/1-0mg 71.37£6.90 9.67 49 9mg/o-7mg 46.7645.27 11.26
20 9mg/o-7mg 45.63 £3.43 7.52 50 6m9/0.6mg 53.50£6.11 11.42
21 8mg/0-8mg 44.58+4.63 10.38 51 lmg/O.lmg 2.0240.29 14.19
22 15mg/() . 8mg 105.12410.43 9.92 52 5mg/0 -4mg 30.72+2.73 8.89
23 11mg/0-8mg 43.29+4.24 9.79 53 Sm‘q/o-6mg 34.74+4.32 12.43
24 1mg/0.1mg 7.7540.69 8.89 o4 51ng/o-4mg 33.20£5.23 15.74
25 5mg/0-/1mg 23.824-2.99 12.55 55 lOmQ/O.6mg 46.3647.01 15.11
26 9mg/0'8mg 46.20+4.28 9.26 56 6mg/o-5mg 30.76+3.43 11.16
27 8mg/0-7mg 43.88+3.78 8.62 57 9mg/1-omg 91.29+6.15 6.74
28 12mg/1.()mg 64.79£7.25 11.20 58 Smg/().Smg 62.48+5.23 8.36
29 ng/O.ng 14.04+2.11 15.00 39 gmg/o-7mg 45.214:6.96 15.38
30 /lmq/O./lmq 22.3043.59 16.09

2.2 (MBHES IS

2.2.1 BMTERME R TH E b A RS R A

(LB

SIS E P 14 AR 48 A 2 A A T A R
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R®O BABBEREMETESPSHEEBREFRMER(n—=20)

% fel/ R AU e A & i/ (10 spin/ cig) LTS
JES Al 13.&ng/1.14m9 29.7813.16 10.61
JES A2 13.0mg/1.07mg 29.2742.63 8.99
S-S A3 11.6mg/1.()()mg 22.4341.55 6.89
Ji= Bl 14.()()mg/1.38m9 28.6912.43 8.46
Ji = B2 11.50mg/ 1. 14mg 25.3241.86 7.34
f&%5 B3 9.90mg/0.99mg 21.3741.89 8.82
e cl 11.60mg/1.02mg 43.854-3.81 8.69
fBEC2 10.10mg/0. 76mg 36.3242.99 8.25
=t 12.00mg/1.02mg 29.661+2.48 8.37
J-E D2 1().2()mg/0.96m9 26.661-2.86 10.72
JiE EL 9.9()[119/().86mg 34.5642.25 6.51
RS E2 5.20mg/0.43mg 20.53£2.78 13.54
S FlL 12.20mg/0.97mg 33.51+2.51 7.49
- F2 11.40mq/0-98mq 29.5841.93 6.52

K85y HORME S BTN [ el B RS 25 el 2y B 0 T A
(R 6) R AR IME ARV . B DR AR
®6 HHBRRERESHSAEARLAWER(0—20)

G5 i/ AR, AU R it/ (10" spin cig) 25t 2 M
JEHE 14 9.56mg/1.29mg 19.5942.05 10.42
FEHR 2% 15.18mg/ 2. 08mg 30.25+2.04 6.73
FEHH 35 14.83mg/1.81mg 31.5943.16 10.01
HENH 45 14.18mg/ 1. 74mg 28.7343.07 10.69

H A 5+ 11.9()mg/1.89mg 77.5419.50 12.26
B b 6+ 10.99mq/1.98mq 75.6949.24 12.21

2.2.2 & FRAT B T PR S A B
oy

SR AR R b B A Pl R
TR I AR AR T8 K B P A 75 4 4 R v
YRR A ) E R 4 & B AE 31.03 X 10M spin/ cig
FEATARTHE 3 BT [ S 00 26 4 E 7 A
ST A S B 33.67X10M spin/cig 2
A W B PR AR AR o M T 0 e R
SNE A T R SRS B E R TR A R
44.78 X 10" spin/cig 7747 B 5.5 T [ P T35 0 A K
A I P A PR 5 [ A IS 5 780 9 2 0 2 A
4 R T 25 B A T 54,44 X 10M pin/cig 2647
SRR, HEEEREMENR ST RSP AT
Py B S R AT — 7 B9 AR S RIS o [ Py
IR R AT B B (IR E] T 963 my/ cig, 3%
KT INR A BB 7.45 mg/cig.

SHERR B IR GRS 17 B TR 2% LU B o
B 5 BRI B 1 0 L (LA TP 45 50
T, A FIRT AT H LA Y KRR . [ SR
2 780 = | L £ P [ S 7R ] pY KL % 4

PRRALE M &5 B R TH A0 A B i 255 Bt 47 1SD 4
] B A BRI AR & 26 = AR <R UM E
Rt B (p=0-05) @ 17 FE il B 1 ) A AL B A
SNSRIV R T A RS e TR R
TR Y [ B A [ AN & BB R
UM B AR R TR AR R A E R A BB
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