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Abstract: Mainstream cigarette smoke (MSS) contains many harmful and carcinogenic
substances, which poses a great threat to human health. However, MSS is a very com-
plex sample matrix, some of the compounds are low in content and difficult to be detec-
ted. Additionally, the strong signal response of nicotine in MSS can suppress the detec-
tion of other substances. As a new type of ambient ionization mass spectrometry
(AIMS), direct analysis in real time mass spectrometry (DART-MS) can quickly ana-
lyze solid, liquid and gaseous samples under atmospheric pressure without or with little

sample preparation. In this work, an efficient method for the analysis of complex ciga-

[ 28 3 SRR R T 4E B 42 (2190406 7) 5 T 95 48 RO BHE B F 418 9 4 (SCX(20)3083)
AR 1R A L



504

=)

L I

rette MSS particulate matter was developed, where sample enrichment method of solid
phase microextraction (SPME) was directly coupled to DART-MS detection. SPME has
shown unique advantages in the pretreatment of complex matrix samples in many fields
due to its advantages of low sample consumption, high extraction efficiency and simple
operation. After sample extraction, the SPME probes were directly coupled to DART
ion source without sample elution and other intermediate steps. The adsorbed com-
pounds on SPME was thermally desorped and ionized under the heated streams of heli-
um metastable plasma from DART ion source. With optimization, the SPME extraction
time was selected as 20 min, the moving speed of the DART ion source rail was 0.2
mm/s, and the helium temperature was 350 ‘C. Four different types of cigarette species
were investigated by the developed SPME-DART-MS method, and the results were
compared with traditional Dip-it sampling method using DART-MS. It was found that
SPME enrichment can not only greatly improve the detection signal of multiple sub-
stances in complex samples, but also reduce the matrix effect of nicotine. SPME with
different coatings have different extraction performance, where C18 coating exhibited
better extraction capability than PDMS coating for MSS particulate matter. Moreover,
DART ion source showed good desorption efficiency for compounds on SPME probe,
which can achieve effective mass transfer from SPME probes to ion source. Overall, the
direct combination of SPME and ambient ionization mass spectrometry, namely SPME-
DART-MS analysis, has the advantages of simple operation, rapid analysis speed and
high throughput without sample elution and tedious intermediate steps for complex
sample system.

Key words: mainstream smoke particulate matter; direct analysis in real time mass spec-

trometry (DART-MS); solid phase microextraction (SPME)
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Table 1 Compound identification of main ions in MSS particulate matter detected using SPME-DART-MS

W {E 2= g o
value (m/z)  formula ion form Compound identification Category (DaltonX10~%)
83. 0606 C,H/ N, [M+H]* 1- B 5 I el 3 PR SR mp kL 1 5 i s R s, b A L I —3.2
97.0760 CsHg N, [(M+H]* 35~ R S e, 1K I A LA —5.7
106. 0652 C:HgN [M+H]"  3-Z kL bE , 3H-AL g BB, 2- £ 0 HE ik e LA AL L —4.7
111. 0915 CeHuN,  [M+H]* 2- & -4 Y LR e, 4~ R DR BE DK s R e —7.2
123.0915 CrHu N, [M+H]! 1-C4-ME g JE ) - 2 K+ 2- 2, B~ 3~ S e 0 Jie . ik —7.2
133. 0764 CsHgN;  [M+H]" 2B Z I L5 H B I i o Ik e —1.7
144. 0809 CioH N [M+H] P33 iz —4.2
145. 0762 CoHgN,  [M+H]" Q- FE W I 2- 745 FEE B I , 5 o 5 s s K DK I —3.7
147.0915  CoHp N,  [M+HI]T  ZZEH],5,6- 7 FEEHE I BRIK , 2- 2 Ba-2- DR e ok B, K g —7.2
149. 1071 CoHisN,  [M+H]* 2 AR B, 4R G S b B Ttk i —7.7
159. 0914 CioHuN,  [M+H]" JETR . 1.8- R I ZE . 2-ZE LGRS —8.2
161. 1071 CioHi3N,  [M+H]" iﬂﬁifﬁii;;iiﬁ;ﬂjhm% B 5] —7.7
163.1227  CoHisN,  [M+HJ* JEHT T TR 1R S R R HE B VR 15 —8.3
169.0762  CuHgN,  [M-+H]"  2-CIH-MEM-1-3) -5 . Bk £ [ 5. 1-a ] 5 Mk i o s bk —3.7
170. 0964 Ci;Hi2N [M+H]" - LR BEOR —5.7
175.1227  CyHisN,  [M+H]! 5-(2- G L P B W| Wk L N-F KL 2 0T L —8.2
3-(2- H1 B S 3 7, 36 ) AL
183.0913  CppH Ny [M+H]T BEZE.4.4-Z 5 mnE, 1, 2- Bl g 3k 2 6 K g —9.2
187.1226  CioHisNy  [MA+HI]T 3-%{35-1,2,3, 4- UG MEME , 4- (4 -FU 3L 5O R 1T T IR —9.2
189.1389  Ci2HizN»  [M+H]*t 6-FF L AT B, N N-— 1 3 {6 i i3 —2.7
197.1076  Ci3HisN,  [M+HJ* 1-(4-FE R ) -2, 5- — F JE g g i 1 —2.7
201.1382  CisHizN,  [M+H]" 3-WR I -4-HL-1 H-0 1k, 0 4 28 ok e LG L/ N —9.7
212.1073  CuHuNO [M+H]t  4-Z W E-2- 5 B N, N- T 5 LBk . —2.4
N1 1B 22 2 i R
213.1389  CyHyN,  [M+H]* AR R 2R e 44 TR Jig % —2.7
226. 1230 CisHisNO  [M+H]T 4-C T H RS R , i} —1.9
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