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Abstract: A simple method for the analysis of benzo @ pyrene benzo a anthracene and chrysene in

mainstream cigarette smoke using automated solid phase extraction ( SPE) system-gas chromatography—
tandem mass spectrometry ( GC-MS/MS) was developed. After being smoked in the ISO mode the Cam-
bridge filter pad was used to collect mainstream cigarette smoke and then extracted by 40 mL cyclohex—
ane containing deuterated benzo a pyrene as the internal standard. The extract was cleaned-up by an
automated PrepLinc SPE-AccuVap system and then detected using GC-MS/MS. The detection limits for
benzo a pyrene benzo a anthracene and chrysene were 0.05 0.16 and 0.23 ng/cig respectively.
The recoveries were ranged from 91. 5% to 102. 1% with the relative standard deviations ( RSDs) less
than 5%. This method was proved to be simple sensitive and suitable for the determination of benzo «a
pyrene benzo a anthracene and chrysene in mainstream cigarette smoke.

Key words: gas chromatography-tandem mass spectrometry ( GC-MS/MS) ; automated solid phase ex—

traction ( SPE) ; polycyclic aromatic hydrocarbons; mainstream cigarette smoke
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1
a a
1.1 N
a - ( TSQ Quan-—
N a - tum GC Thermo Fisher Scientific );
b (SPE) '* PrepLinc SPE~ AccuVap ( J2 Scientific
(GpPC) ° . . ) ;500 mg/30 mm SPE ( Agilent
: 4 ) ; RM=200 ( Borgwaldt ) o
(PTV) °  SGE a a a (d12-
MDS6890 benzo a pyrene) DR
( J T Baker ) o
GCMS . oprv 12
i 130 mg/L d12- a o
2.5 mL
( HPLC) *° 50 mL 6.5 mg/L
- (GC-MS) '*7°77 . HPLC S50 plL
; GC-MS °
I: 0.0100 ¢
a -0.0150¢ a +0.0200 g
GC-MS 50 mL 200
( SIM) HPLC GCMS mg/L a <300 mg/L a 400
mg /L I.
) ) ) I: 0.25 mL
I 50 mL
1 mg/cig CCMS 1 mg/L a 1.5 mg/L a
a 1 ng/cig ~2 mg/L I
a GCMS (S/N) i > ml
10 . I 50 mL
_ ( GCMS/MS) 0.1.0.15 0.2 mg/L a - a
IT.
: 0.2.0.4 0.8
’ ml, M 0.2.0.4 0.6mL
) i 10 mL
50 pL
6 mL
10-12 12 13\ ) 1' 3
; ’ 1SO 82432006 " 1SO
COMS/MS 34024999 o
’ ISO (1SO 33082000 ')
N PrepLinc " .
GC-MS/MS " 20
@ 50 L
40 mL
° 200 r/min 60 min
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10 mL PrepLinc ; 50 mL/min
SPE o : SPE o
10 mL ( 50 mL/min)
10 mL. ( 3 mL/min) SPE
20 mL ( 3 mL/min) 20 ( 2) . 20 mL
mL ( ;
7.5 mL/min) ; AccuVap FLXTM 20 mLo
1.5 mL 5
GC-MS/MS . Table 2 Optimization of elution volume
1.4 GCMS/MS Elution Benzo a Benzo a Chrysene/
volume / pyrene/ anthracene/ Jei
DB-5MS 130 m x0.25 mm x0.25 L, ( ng/cig) ( ng/cig) (ng/cig)
L, 1280 C; i1 pL 10 9.25 15.67 19.34
. . ( He) 1.2 mL/min: 20 9.65 16.37 20.74
’ ' o ’ 30 9.60 16.31 20. 81
150 C 6 C /min 260 C 40 9.69 16.28 20.70
6 min 50 °C /min 280 C 20
. . 2.2 GC-MS/MS
min, 1280 C; 12 min;
: Close ( EI 250 C; H
25 pA; 0.1995 Pa( 1.5 mTorr) ; ’
( SRM) 1.
SRM N 1o
13
Table 1 Some MS parameters for the three 3 SRM GC-MS/MS
polycyclic aromatic hydrocarbons 1.
Parent Product Collision
Compound ion ion energy / 2
(m/z) (m/z) eV w 100F a
Benzo a anthracene 228 226" 30 § 80 |-
g [
228 202 20 g 60 1
Chrysene 228 226" 30 £ F
228 202 20 2 Mr
* = ¥ 4
Benzo a pyrene 252 250 30 & 20 |- 3
252 226 20 S ———-LAAA . —_..:»:-L
d12-Benzo a pyrene 264 260 40 12 14 16 18 20 22 24
* (Quantitative ion.
[ 2
5 o 100 [ b
8 80F
g f
2.1 E 60 -
4
a N a g %0 a
HPLC T 20¢
GC-MS N O
. 12 14 16 18 20 22 24
o PrepLinc t/min
1 (a)3 (b)
\SPE N GCMS/MS
PreplLinc Fig. 1 GC-MS/MS chromatograms of (a) a mixed
° p standard solution of three polycyclic aromat—
N ic hydrocarbons and ( b) a real sample
Peak identifications: 1. benzo a anthracene; 2. chrysene; 3.
d12-benzo a pyrene; 4. benzo a pyrene.
2.3
PrepLinc

1.4 6
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GC-MS/MS (LOQ) 3 . 3 1

Y 3
. S/N=3 (LOD)  S/N=10 GC-MS .
3 3 N N

Table 3 Regression equations correlation coefficients limits of detection ( LOD) and quantification ( LOQ)
of the 3 PAHs in mainstream cigarette smoke

Compound Retention time/min Regression equation”) Correlation coefficient ~ LOD? /( ng/cig)  LOQY /( ng/cig)
Benzo a anthracene 15.97 Y =0.1183X +0.0053 0.9999 0.16 0.54
Chrysene 16.11 Y =0.1702X -0.0286 0.9995 0.23 0.76
Benzo a pyrene 21.51 Y =0.1486X -0.1014 0.9996 0.05 0.17

1) Y: the ratio of the peak area of the analyte to the peak area of the internal standard; X: mass concentration of the analyte ng/cig. 2) S/N =

3. 3) S/N=10.

2.4 4 3 (n=6)
Table 4 Recoveries and their relative standard deviations
(RSDs) for the 3 PAHs (n =6)

Background/  Added/  Found/  Recovery/ RSD/

( TPM) 1.3 1.4 Compound (ng/cig)  (ng/cig) ( ng/cig) % %o
6 Benzo « 5.52 2.91 8.44 100.2 3.7
4. pyrene 5.52 6.79 12.45 102. 1 2.8
5.52 9.70 15.18 99.6 3.2
91.5% ~102. 1% ( RSD) Benzo a 6.77 431 1075 923 4.9
5% o anthracene 6.77 10.05 15.97 91.5 3.8
2.5 6.77 14.36 19.97 91.9 3.4
Chrysene 11.28 6.69 17.72 96.3 3.8
IS0 40 11.28 15.62 26.24 95.8 3.1
3 PAHs 11.28 22.31 3256 95.4 2.8
5. .
16. 93 ng/cig a 6.22 ~25.59 ng/
5 a 0.57 ~
5 40 3
Table 5 Three PAH yields from the main stream smoke of 40 cigarette brands ng/cig
Sample  Benzo a pyrene  Benzo a anthracene Chrysene Sample Benzo a pyrene  Benzo a anthracene Chrysene
1 11.11 15.99 18.76 21 10.19 14.40 18.48
2 7.86 11.82 16.83 22 9.70 13.21 17.53
3 8.02 10. 49 15.08 23 12.15 18.39 20.77
4 5.65 6.22 12.25 24 13.12 20.03 22.00
5 11.78 17.01 19.57 25 10.62 14.56 17.73
6 11.65 17.39 19.23 26 11.99 17.43 20.32
7 12.89 18.36 22.57 27 8.89 11.44 15.88
8 12.07 17.04 20.87 28 5.52 6.717 11.28
9 10.39 14.77 18.71 29 10.55 13.95 17.24
10 11.62 16.85 19.77 30 10.31 15.15 18.21
11 10.56 13.51 19.13 31 8.91 11.19 15.87
12 9.67 13.15 16.55 32 11.59 16.65 20.36
13 9.29 12.00 15.93 33 11.43 16.31 19.31
14 7.05 7.49 13.17 34 16.93 25.59 27.04
15 11.57 16.91 19.83 35 12.58 18.39 21.75
16 9.09 12.85 17.46 36 13.62 19.45 22.21
17 10.70 15.06 19.13 37 11.61 17.01 19.94
18 12.61 18.26 20.99 38 9.06 12.10 16.11
19 10.77 14.82 18.24 39 7.32 8.62 13.45
20 10.38 12.90 18.08 40 0.57 0.78 1.35
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cig 11.28 ~27. 04 ng/cig.

GC-MS/MS
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