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éﬁ%, Ekﬂk%b’ //r//%}?l(/a\t’ F}'ﬁ%’{fé’ 22}/@"%, %Eié\’ ?%7’:@

ZH TP T A R TR FIER L, e, A BT RO X RHE 415 = B S RHE TR 650106

1 OE. HSL T ARESCRE R TN AR - AT (TD) -GC-MS ik, 23 1 32 A I 1 s AR U M A AR b . AL R
FIRIG 2 M BSR4 35 800 rpm,  ZEHUIIA] 60 min, ZEIUS M HEHEMET7E 220°C IR EE N #UBLHY 3 min, JFFH -50°C 1Y
A BFE TR HERE, RIS R - ST 2R R A i AR, SRR M ES Y (RSD<12%) o 1%
ik RIS, AR, &R T AR SRR O3 X ¥ 9 R i RS2 (R R

KB BOEEWL TN REEG AR AAREIE - B (GO/MS); TR BRI

SIAAS: 255, WOk, B30, & WMBHERL T2 E-GC/MS 20 KT RS s BRSO b A By (9. o A A 2,

2016,22 (3)

i £ 6 ¥ " B 2 B (Stir bar sorptive extraction,
SBSE) & — B (1) [ AH fak 2 B AT AL B £ R, W
Baltussen 25 " £ 1999 4F B YU i, 2000 4 Gerstel
AFPE R i, &P E b E R, SR AR
. BEN RS ATAA R . SBSE B A [
SEARRRUR, 2B S, o/ AN RER A AR s
SBSE I LAYE 56 B 41 140 [R] B W B H AR, 38wl 3 Bk
FEA 24 R IR B 3 4, AR S AT AR ER V5 (8 L R 5 Y
HAl, SBSE C&fEfrih P E Rk 255k 8 7 At
PRI B TZ N o BRI SBSE S A HEAR P )
PDMS iR)z, REERTAEMME B i AT 20, XS ple %
53 R B I AT AR A B B I 2 1 o A R R A R
SEILAEHL,  H AT Gesterl 24 &) ST B A% 35 FF d 1 1
At (EG-SBSE) , KIHRENE LW, 7L
Py S SRR A 7 AT 3 ARSI, OROR AR T 1 4 B
AMECAR I HIE L,  H AR R WA ELA 2 A
IR o

B P R — R K SR R B2 o I B,
GIRE TR, EREARET OES, 50ER G
EER G 50 R AR 5 B Oy a1 s b Bk AT H i
WeBft. VR R, Btk SRR EEZ, X—

A 2 A3 A O 5 | S ) R R A B R (A 0 5 R
B XY 2 ARy . B ETIHEEI 2 S
FENRFEAG 2 B4 U0 A 2 oy U o St K
BRI BRI, AR EOR . e B DL AR
T AT 7 TH (AT S > T

A FL I ER N T R AAUL IR I 0 A <
HEAT R I, S SBSE 43 AR 26 BB AL I WAC ik
IR I RSy, R BB - SO 1 - SRS (TD-
GCMS) AT 4y #r ks ill, % 57 1 % T SBSE- TD-
GCMS AR 43 B 3= 0 0H S AR S A o e P e
ST

1 SKIEERSY

L1 RFIFLES

(D . WEEAK OB (4 E = 99.5%, %
Supelco A ] ); NaCl, KCl, NaOH, J& 7K CaCl,,
NaH,PO,-H,0, Na,S, JRZEHIAHHral (8 H Fpiit
T s SEIRAKIB ALK 2 MG,

(2) 1X#%. Agilent 7890A B A (4, Hi Bk
B AW 7% 5B T8 (BLIE ) ) 5975C JF 3 46 I 2%
(Agilent A 7] ); fi%H:: DB-WAX(30 mX0.25 mm,

HEWH: /AR EBITE (No. 2016JC03)s 2 A ml B AR O RHIF 7 Bh I H (No. JSZX2014JC09)
{EHERN: 2= & (1982—) , 8-, TR, FEMRTH: EEMNFHE ARG a4, Tel: 0871-68319118,
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BIRAESE: 25 (1972—) , Tel: 0871-68316047, Email: xmlikm@126.com

W5 BHA: 2015-08-03



18

H [ JH 5 52 4. Acta Tabacaria Sinica 2016 Vol.22 No.3

0.25 pum); Gerstel TDS-2 Wi FHAC (FE[E, Gerstel 2
#) ; Gerstel P FERE T (0.5 mmX 10 mm, EG-
Silicone-SBSE) ; TC2 EAk#s (1EE, Gerstel AH] );
P (0.D. 6.0 mm, I.D.4.5mm, [, Gerstel
AF]) , TKA RH basic2 #i /145 £ 2% (35 H IKA &
H]) s Milli-Q #Balikaifk 24t (3EH Millipore A #]) 5
AE200 43 #fr K °F (it METTLER A ) ; SK5200
BB AR IR # (LiBRI @A NEARARD ;
20 mL TR HEREH (55 E Agilent A 7] ).
1.2 7k
121 ERASEARUIR A0 o i

T 50 400 W UL R % & ISO/TR10271 #x #E 'Y
ot AT B od, B M 7 vk N: 0.4 g/L NaCl, 0.4 g/
L KCl, CaCl,"H,0 0.795 g/L, Na,S-2H,0 0.005 g/L,
NaH,PO,-H,0 0.78 g/L, JK & 1 g/L, HHAH 21K
i, i Ja AR NaOH 5 i Bl Ao pH {1 8 &
6.8+0.5.
1.2.2 FURBASEABUR SO0 32 3 KR < R i

RO WAL 3o 2 o AR ADL Y 2 3 1 U o R i AR
H, JEAEANTE, TEYEL W EE RS,
eHE I EFR AL . M GB/T16447-2004 (1) 444 1,
PRI A M AT A7, P47 48 h IR S 4% B A v
W 24 A RE AT Hh e B 32 SRR AT U 32 B R 1
ANHEAT IR

=> ZARMAH A

AN
¢-|3\
/_\
v SR
BRI /EE"
DR |
/_\ B ‘
____ LR

1 O REREHAR M A % = A 4 S TR ML

Fig.1 Trap of mainstream smoke by a dental simulator

IR . AR R R ASBRIRBOR RN £
1R AU SO Y i 1) 1 s O AR I (S8 =5 B o
£ 125 cm, % 8.0 cm) , TR O N &
JEEE 32 MBI o R, I iR AT A
B, A7 M X IR S B S S S BOH AT IR IE
PR SIS, 0 e NWOOR, PR¥F 5 s 15 B TH]
ZJEEWAHRE AR, SRFERBEEAT T —
FIE, BRI TE R RS S SOH, 2
Ja ks DA AR R B R A 1 s A AU ST B0 T

WOMLEAT 2 U B, B o P R IR AN ORI e i & 9
R FE 7 7 3 ASCO6T 11 s 47 2E 86 M3 4 776 75 AE Y 20 min,
WAENRBUR I E AR E 20 mL, L& EEE0 4 .
1.2.3 BRI AEHL

PP (6 FH AT 75 AT 2 b B, DUMRUE A
FERI AT B, 2 FRERAE QR B T80 B b p
TRIRBIE BN E s, TEEEAA GRaiE =D
RS T, INFAE] 220°C , 24k 45 min, Z 5 EI&H

B 2 mL 1.2.2 HuSc8E i 2 A < 1 i Aol IR A
T 20 mL TSR A, A 10 pL 100 pg/L FAR
CEEVENNFRLA K 2 mL B4k, FRN 1 ME)E
PR, IR R AT % E, F 800 rpm i
NHEREREEL 60 ming ZEHUGERUE, BB ECHH B
W, /D> EEAKE PR R, e A
DR T, TR, AR
1.2.4 TR - SO B0 B8 IBC T RS b

W 1.2.3 I REHLSE B0 4 B - TBON A BB A
B E R, B, AT R - S - R
W T

B B ASC o B A WIARIREE 40°C, BA1°C /s
(R B HEAT IR, IR 220°C 5 AR FF 3 min; 54
AR JE N 300°C; WHHEEZ N -50°C, BL12°C /s fiK
FETEE 280°C, fRFF 5 min; SKHIEFIHES ARG

MBI - BTS2kt ki Agilent DB-
WAX(0.25 mmX30 m, 0.25 um; #<: 2 < (He);
Ji#: 1.0 mL/min; 85 FHif: WG 40°C, R
FF 5 min, A 5°C /min J+ % 150°C, PL2°C /min F} &
180°C, LA 5°C /min JE T2 230°C, fRFF S min; i
FEIIRET: 230°C, AROHskkE.

JREE AT BTUR: BL B TLRER: 70eV;
TURIREE: 230°C; &M, R EEHE 35-
350(m/z).

2 ZHR5WHE

2.1 B B X O K S O B A O AR ML 7 P A A
SERNR R

P9 P 7 A I A B I R 1) E AR A R A R
TFIITEE T, R BEATY B, AT R PR 38045 e
T b, DRI B P R 2 52 e E AR 5T A
T REM AT S5 . R RS, P H
BT FERL T M i, BERGCR A, T R b
SRR IR, H AR NIRRT B A
B KA MHE, ZEEUSE RAORAST AR, (R A s
AR Y, CREFZREUN [H A 60 min AL, HE T
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Fig.2 Effect of rotation rate on extraction efficiency

MERIEE AT UL Y, i e i R A e 1 AR
MBI, HFE X 800 rpm I,  AEHT K 4 I T
RO, TREE R Ak SRR, MR R A T ] &
PR MRYRIETIAR, AL 3N 800 rpm.

2.2 FEERATE X E R AE S O AR IR I AR 1 A
SERBRAIZIN

PP BB s), R AN
VAT B B B 1 b, AT SR SR A 3L
o HTAEE B HOMR PSR R, AU [0
TRMBCR M FEM By B, AL H AR AN RE
RATREZ KOs AL 7 b, WG, Sk
T LW H R R o BT R RS Y, TS AR B A
AR BCR TTT LA AK F S5 B T AR 5 SR 56 F6) IR g
ARSEIGAE R T, RFFRERBEE Y 800 rpm A4Z, ik
# 30 min, 60 min, 90 min, 120 min, 180 min 5 4>
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Fig.3 Effect of extraction time on extraction efficiency
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Tab.1 Effect of desorption temperature, desorption time and cryofocusing temperature on analysis results

e A BB IR /C B #4JBi F [A] /min C WPHRE /C S U TR A AT

1 180 (1) 3 (D -50 (1) AB,C, 1402514852

2 180 (1D 4 (2 -80 (2) AB,C, 1136268947

3 180 (1D 5 (3) -100 (3) A B;C, 1188230999

4 200 (2) 3 (D -80 (2) ABC, 1496757976

5 200 (2) 4 (2) -100 (3) A,B,C; 1494699118

6 200 (2) 5 (3) -50 (D A,B;C, 1347226984

7 220 (3) 3(D -100 (3) A;B,C, 1293124733

8 220 (3) 4 (2 -50 (D A;B,C, 1510760512

9 220 (3) 5 (3) -80 (2) A;B;C, 1601613008
K1 3727014798 4192397561 4260502348
K2 4338684078 4141728577 4234639931
K3 4405498253 4137070991 3976054850
k1 1242338266 1397465854 1420167449
k2 1446228026 1380576192 1411546644
k3 1468499418 1379023664 1325351617
% R 226161152 18442190 94815832.7

NEE— ACB

e A, CB,

TE: AR SN B G W IR 230 5 DL N AR AL S I T B R LA 100% ST o

M1 HRT LR B, KT S8 43 A 45 SRR e A K
BB RS, O BRI, e N i
LT P i B T S S 7 R A Y = Y A R G PO, A e
£ h220°C , B BB 18] 49 3 min, YA BIEE 3 E N -50°C .

N T SR SIS A M, R AR
SEATIE 5 Uk, LAZH 43 0 T RSURD (9 A o A 22 1 5
RSD<12%, Su0H S HIAF, AT LA 2SI K.
2.5 ERESORELREEPRIER S S TER

DASEF T B 5 A e i, 128 1.2.2 34T S
IR S S 56, R AR A 5 PR A S8 A R A B 2%
PEBEAT REBUCRI RO, A AR e i oy . 1
4 2 T JHAE i 1) 32 TR0 R S 0 s A U R SR AR 1
SRS I EIEE, £ 2 NSRS RSN
Fes A ABU IR ST P B 43 BT o0 RIARL G S B B R . 4551

RIS BB 7y LA R BN, 38
B 75 LA S AR
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Fig.4 Total ion current chromatogram of mainstream smoke polar
compounds of a cigarette sample trapped by a dental simulator
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A I P Y B AN AR R # 03,  B IAR AEBEPE T
X TR MSRREAT BRI I, e W £ B S rh A

TR A BIRRIE RS b o A SRR IE B 73 Ty 2SI
W B SR E R 2, AT R R B
TEORBAN TR EA R, Rk, S8 5959 B
RSB A B3 I RIE XS B, AMXUAT BAE A
U BT IR TS, AT PO AR O 5
MRS i AR AR FEAE NS

R 2 ReMERASOERMIRIE PRRIER S REE S8

Tab.2 Mainstream smoke polar compounds of a cigarette trapped by a dental simulator and their relative contents

g R B4 I 8] /min ey VEECEE /% AR &7 /%
1 18.51 % 87 7.97
2 26.18 1,4- =0 Hx -2- g 78 7.88
3 27.86 2- A ER T 96 2.98
4 28.09 S 96 32.07
5 28.43 WK TG (WA 90 100.00
6 30.89 - 83 18.07
7 31.52 ES 96 41.89
8 33.45 3- LR 94 521
9 33.64 IR 72 26.2
10 33.71 Xf F gy 70 22.75
11 33.95 3- FEE Ry 96 10.29
12 35.52 5- HIHE -3- LR 83 422
13 35.73 2,6- — HIELIR W) 96 5.11
14 36.34 4- R HT 91 491
15 36.58 4- LHRW 95 13.74
16 38.05 2- LR 90 3.15
17 4371 2,3- A - IR 74 8.46
18 44.84 g W 97 13.32
19 46.05 3- I3 -1H- 5[k 94 6.75
20 51.48 3,6,9,12- U4+ PY kT -1- B 78 4.42

K 2 s B MR PR AR AU
RIS AE BRE BEAT T B, A BN [R) B A 081 350 2 Al
A3 BOARS & B A BT AR . 3 A28 T 2 Tl B 45 A
ARSI P TR AS IR A 1l 3 R E S5 2R, ]
DU I 0 i AR SO S EL e )

WA S VIR GBS A AF, R 3 2 R
WS AN, (HAR G 2 R 0 R, 3-
B -1H- WIS BB 1 s, REEmRE
PROTEER, A 1R DR S 2 (), X
HIE 5 o B o SR o 1) 5 B 5 2 A R Tl R ot B LA
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MR BT BEFCA R, A SRR HR
RS A A, AT DO T R

1l R P PR — e OB SCRE, B AT BB <
IR R0 5 6 MR R OR B SRR 8 TR ML AT

R 32 MEELMR TR S A & 8RB TN L TIR

Tab.3 Comparison of the relative contents of some polar compounds and the sensory evaluations of 2 cigarettes

X &2 /% BEEIHN (D
75 wEW
B 1 B 2 B 1 B 2

1 JHBE 32.07 32.63
2 PN 41.89 72.94

- H g, A BoK,
3 it F 2y 22.75 73.32 AR B AR 5
4 4- 7 FLIET 13.74 35.62
5 5| e 13.32 12.23
6 3- FHJE -1H- Mgl 6.75 23.02

3 & 2012, 18(6):6-9.

LT R A R R R P R - BB (TD) -
GC-MS %, F LA T 25 30 M0 A8 100 s B0 R AT
IR PE R S o TERASRAE T, ik R A Bl =
2 (RSD<12%) , REEE, #BAIETTME, &HT
BIF MR SR 3 R 2 3 R S B o I TS A Y
A 20 Pt RS, TSR B A i sy (e
My, KFE R, 3- BIE S1H- BRSNS =
5525 TR T e S A — s A e

ZITRBR RS 8o 5 O I B BT AR e
WFFCERAE T — 5 B SE I FE BRI 72 735, (HA S R
HEERRZA DR, USR5
FEC 1 s SR8 S 7 1) B HR S R 7 »
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Analysis of polar components in mainstream smoke-absorbed simulated buccal cavity
absorption solution using EG-SBSE extraction- gas chromatography-mass spectrometry
LI Jing, GENG Yongqin, XU Jicang, CHEN Jianhua, MIAO Enming, WEI Yuling, LT Xuemei
China Tobacco Yunnan Industrial Co., Ltd, Kunming 650106, China
Abstract: A method using EG-SBSE (stir bar sorptive extraction)-thermal desorption coupled with gas chromatography-mass

spectrometry was established for the analysis of polar components in mainstream smoke-absorbed simulated buccal cavity absorption
solution. A stir bar was used for extraction of polar components at rotation speed-800 rpm for 60 min. Extracted analytes were prepared
under a thermal desorption temperature-220°C for 3 min, collected by a cryofocus at temperature of -50°C , then tested by gas chromatography-
mass spectrometry for full scan detection. Under optimized experimental conditions, the method showed a good repeatability (<12%, for 5
tests). This novel method including many advantages such as high sensitivity and convenience for operation and can be used for studying
effect of smoke components in sensory research.

Keywords: EG-SBSE (EG-stir bar sorptive extraction); thermal desorption; gas chromatography-mass spectrometry (GC/MS);
mainstream smoke; dental simulator
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