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Abstract: Mainstream cigarette smoke (MCS) is very complex and highly dynamic aero-
sol. Some substances in smoke are highly reactive, resulting in a continuously changing
mixture during smoke processing of trapping and separation. Because the conventional
off-line methods can alter the smoke composition, an online method of extractive elec-

trospray ionization mass spectrometry (EESI-MS) was established for analyzing of
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MCS. The MCS, generated by a single channel smoking machine, was directly intro-
duced into EESI-MS without sample preparation, and the mass spectrum was obtained.
MS was operated at collision induced dissociation (CID) mode for qualitative analysis of
nicotine. This method was applied for the MCS monitoring on a puff-by-puff basis, and
the results showed that the signal intensity of total ions (m/z 50-400) and ion of
nicotine (m/z 163) increased with puffs, which indicated the trend of MCS emissions
with the length of cigarette. Then, EESI-MS was used for analyzing of MCS of various
cigarette brands. The result of principal component analysis (PCA) indicated that the
EESI-MS method could be applied to differentiate MCS of various cigarette brands, the
clustering analysis showed that the EESI-MS method could be applied to cluster the

MCS of various cigarette brands and measure their similarity.

Key words: extractive electrospray ionization (EESI); mainstream cigarette smoke

(MCS) ; nicotine; principal component analysis (PCA); clustering analysis
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Fig.1 Schematic diagram of EESI-MS for online analysis mainstream cigarette smoke
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smoke sampling
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Fig. 3 EESI-MS spectrum

of typical mainstream cigarette smoke
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Fig. 4 Multiple-stage mass spectrometry of mainstream cigarette smoke by EESI-MS
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in puff-by-puff mainstream cigarette smoke
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Fig. 6 Ion signal intensity of nicotine

in puff-by-puff mainstream cigarette smoke

2.3 REBHBEHERSSHMBESH

B T2 4% X T AR
s B4 25 A0 5 G AR R 2 AR 0 B LB L
BIfFFEZESR . P B L P IT 3 M LA A
Gy FEAT RE R B M et 3% 0, HOJR vk Rk
BB S BIAL2E R TELR BRI 45 5 1L
B A 07 1 Dy DR SR AE 0 X 2 4 B Ak
SR T T RE. PCA 1T RE WK B 24 58
Vo 2 , HEBR R B FOTCAY , 3R 2R M B0E 1 B =
BINR. R EESI-MS J7 kXt 4 FA [ & i
B0 Ot A0 R AT R AR A R
WS BT REE  2r A 4 SO, DASE 3 A
T A B B B = L, #47 PCA &
B 368 2 A o 07 i B AR KB AT 4R
IR A/ a8 b RS S
Wi R ) AR AL , B AR 7E PCA 3 i 3y #E47 T
AL, 2 M FEREET T REAEA S
89. 14 HIfE B, B A MIIKAEA 1~4, %
M B BIIKEEA Sy 5~8, B C B IIIAREA Ny
9~12, %M D AL HEA Y 13~16, 78 T
7, SRR, @S EESEMS RS B & M £
TS E 45A PCA 2047, o7 AR X 731

[) o5 R 5 R A = 3 R R

4 T1-T2/54
3

o2

S 1

20

o

O -1
)
-3
_4 T T T T

8—|6—I4—|20 2 4 6 8
PC1-70.2%
B7 4MAEREEETRES
EESI-MS RiEE M ERZ &R
Fig. 7 PCA results of the EESI-MS data
of mainstream cigarette smoke

with four various cigarette brands

R AR BE XS 4 Fibv 5 0 3 A A o 3
WHATREDN, KRR THE 8. 4 FEME
THSEE LU AP, P A 55
M C. B B E5EM D Y E WM AL BT B
N, B RESTERETEM A,


http://www.fineprint.cn

28

BRI AF « R I 25 A IR S B AR A D B MR TR R

119

B.C.D % HA A & K M0 A B R AE
HERY5 PCA NG RE N —2L.

RAERE

141613158 7 5 6 1211 9103 1 2 4

D B C A
B

E8 4MAEARMERATRES

EESI-MS REE M BRSTER

Fig. 8 Clustering analysis of the EESI-MS data
of mainstream cigarette smoke

with four various cigarette brands

3 #ig

AN B B M HL 5 EESI-MS 45
B BT T A X AR AR SR TR LRI k.
& E R M BT A EESI-MS AU 58 /L
R, 3RA5 T £ 00 AR S BB A, S a x
A HH 2 O 0 W B 3 SR ZE R, A5
TR Ak 2% R 43 R B A R 1 B AR AL
IR PCA ST MBRE S B T AR
FE A5 M0 AR PR RAE N X 43, A TAER
TR B 53 380 S5 4 <00 Ak 27 B4 B BT S [R) A5 R
FRAKEF R/ T —F IR LR
7785

S E 30k

[1] RICHARD R B, CHRISTOPHER J P. The ori-
gins and properties of environmental tobacco
smoke[ J]. Environmental International, 1990,
16(3) . 231-245.

[2] HOFFMANN D, HOFFMANN I, KARAM E
B. The less harmful cigarette: A controversial is-
sue. a tribute to Ernst L. Wynder[J]. Chemical
Research in Toxicology, 2001, 14(7): 767-790.

[3] HYODO T, MINAGAWA K, INOUE T, et al.
Estimation of mouth level exposure to smoke
constituents of cigarettes with different tar levels
using filter analysis[J]. Regulatory Toxicology
and Pharmacology, 2013, 67(3): 486-498.

[4] XIONG W, HOU H W, JIANG X Y, et al.

[5]

L6]

L7]

(8]

9]

L10]

Simultaneous determination of four tobacco-spe-
cific N-nitrosamines in mainstream smoke for
Chinese Virginia cigarettes by liquid chromatog-
raphy-tandem mass spectrometry and validation
under ISO and “Canadian intense” machine smok-
ing regimes[ J]. Analytica Chimica Acta, 2010,
674(1) . 71-78.

JENS S, OLIVER K, ANDREAS L, et al
Analysis of primary aromatic amines in the main-
stream waterpipe smoke using liquid chromatog-
raphy-electrospray ionization tandem mass spec-
trometry [ J ]. Journal of Chromatography A,
2011, 1 218(33): 5 628-5 637,

UCHIYAMA S, TOMIIAWA T, INABA Y,
et al. Simultaneous determination of volatile or-
ganic compounds and carbonyls in mainstream
cigarette smoke using a sorbent cartridge fol-
lowed by two-step elution[J]. Journal of Chro-
matography A, 2013, 1 314(11). 31-37.
BROKL M, BISHOP L, WRIGHT C G, et al.
Multivariate analysis of mainstream tobacco
smoke particulate phase by headspace solid-phase
micro extraction coupled with comprehensive
two-dimensional gas chromatography-time-of-
flight mass spectrometry[J]. Journal of Chroma-
tography A, 2014, 1 370: 216-229.

WANG H Y, XIE W Y, CHEN M, et al. De-
termination of hazardous volatile organic com-
pounds in the Hoffmann list by ion-molecule re-
action mass spectrometry[ J]. Rapid Communica-
tions in Mass Spectrometry, 2012, 26 (16).
1 841-1 848.
THOMAS A,

et al.

STEFAN M, THORSTEN S,
Puff-by-puff resolved characterization of
cigarette mainstream smoke by single photon ion-
ization ( SPI)-time-of-flight mass spectrometry
(TOFMS): Comparison of the 2R4F research
cigarette and pure Burley, Virginia, Oriental and
Maryland tobacco cigarettes[ J]. Analytica Chim-
ica Acta, 2006, 572(2) . 219-229.

THOMAS A, RICHARD R B, ZIMMERMANN
R. Characterization of puff-by-puff resolved ciga-
rette mainstream smoke by single photon ioniza-
tion-time-of-flight mass spectrometry and princi-
pal component analysis[J]. Journal of Agricul-
tural and Food Chemistry, 2007, 55(6): 2 055-
2 061.


http://www.fineprint.cn

120

(11]

[12]

[13]

[14]

(15]

[16]

JIANG C Y, SUN S H, ZHANG Q D, et al.
Application of direct atmospheric pressure chemi-
cal ionization tandem mass spectrometry for on-
line analysis of gas phase of cigarette mainstream
smoke[ J]. International Journal of Mass Spec-
trometry, 2013, 353(11) . 42-48.

JIANG C Y, SUN S H, ZHANG Q D, et al.
Fast determination of 3-ethenylpyridine as a
marker of environmental tobacco smoke at trace
level using direct atmospheric pressure chemical
ionization tandem mass spectrometry[J]. Atmos-
pheric Environment, 2013, 67 1-7.

TAKATS Z, WISEMAN ] M, GOLOGAN B,
et al. Mass spectrometry sampling under ambient
conditions with desorption electrospray ionization
[J]. Science, 2004, 306(5 695); 471-473.
CHEN H, ZHENG ], ZHANG X, et al. Sur-
face desorption atmospheric pressure chemical
ionization mass spectrometry for direct ambient
sample analysis without toxic chemical contami-
nation[J]. Journal of Mass Spectrometry, 2007,
42(8):1 045-1 056,

CODY R B, LARAMEE ] A, DURST H D,
Versatile new ion source for the analysis of mate-
rials in open air under ambient conditions[]J].
Analytical Chemistry, 2005, 77 (8): 2 297-
2 302.

Mo SC, BAK, TR, E MM ST R
IR SR L] 5 #2010, 38(8) - 1 069-
1 088.

CHEN Huanwen, HU Bin, ZHANG Xie, Fun-
damental principles and practical applications of
ambient ionization mass spectrometry for direct
analysis of complex samples[J]. Chinese Journal

of Analytical Chemistry, 2010, 38(8): 1 069-

[17]

(18]

[19]

[20]

[21]

[22]

1 088(in Chinese).

CHEN H W, ARNO W, ZHANG W H, et al.
Rapid in vivo fingerprinting of nonvolatile com-
pounds in breath by extractive electrospray ioni-
zation quadrupole time-of-flight mass spectrome-
try[J]. Angewandte Chemie International Edi-
tion, 2007, 46(4): 580-583.

CHEN H W, VENTER A, COOKS R G. Ex-
tractive electrospray ionization for direct analysis
of undiluted urine, milk and other complex mix-
tures without sample preparation[ J]. Chemical
Communications, 2006, 19(19) . 2 042-2 044,
ZHU L, GERARDO G, CHEN H W, et al
Real-time, on-line monitoring of organic chemical
reactions using extractive electrospray ionization
tandem mass spectrometry[ J]. Rapid Communi-
cations in Mass Spectrometry, 2008, 22 (19).
2 993-2 998.

GU HW, YANGSP, LIJ Q, et al. Geometry-
independent neutral desorption device for the sen-
sitive EESI-MS detection of explosives on various
surfaces[J]. Analyst, 2010, 135(4): 779-788.
ZF RIS R, F. HBIE R BUOR B R
WA 1R EELI] ST, 2012,40(5):
768-772.

LI Xue, CHEN Huanwen, FU Jiamo, et al. De-
tection of 1-hydroxypyrene by extractive electros-
pray ionization mass spectrometry [ J]. Chinese
Journal of Analytical Chemistry, 2012, 40(5):
768-772(in Chinese).

DING ] H, YANG S P, LIANG D P, et al. De-
velopment of extractive electrospray ionization
ion trap mass spectrometry for in vivo breath
analysis[J]. Analyst, 2009, 134 (10): 2 040-
2 050,


http://www.fineprint.cn



