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Simultaneous determination of benzo[ a]pyrene and its structural isomers

in mainstream cigarette smoke by GC-MS/MS
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Abstract: In this paper, employed an inter-standard quantitative

BRI

method for determination of benzo[ a]pyrene and its structural i-
somers (B[ bJF, B[k]F, B[j]F, B[jJA. Ble]A, B[e]P, PER)

in mainstream cigarette smoke by GC-MS/MS. The results
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showed that the LODs and the LOQs of target PAHs could a-
chieve 0.056 6~0.181 7 and 0.188 6~0.605 5 ng/cig, respective-
ly, while the linear correlation efficiencies are larger than 0.998
for all PAHs. The Intra-assay
measured by 15 repeat runs are 1.91% ~3.97% and 2.54% ~

and Inter-assay precisions

4.46% , respectively. And with three different added-levels, the
recovery rates for the target PAHs lie between 92.60% and
107.60%. It was proved that the developed method is environ-
mentally friendly. highly sensitive and selective.

Keywords: benzo[ a pyrene (B[ a]P); structural isomers; polycy-
clic aromatic hydrocarbons (PAHs); GC-MS/MS; mainstream

cigarette smoke
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Table 1 MRM parameters of benzo[ a] pyrene and its structural isomers
- E R BT EMEE T
&Y (=] CAS &5 = NN NN
BET(n/2) TETOn/2) ML/ eV BETOn/2) TETOn/2) RiEER/ eV
FI b9 B B[bJ]F 205-99-2 252 250 40 252 226 35
k]9 B[ k]F 207-08-9 252 250 35 252 226 35
I B B[jJF 205-82-3 252 250 35 252 226 35
FHGIEE®E -+ BUJA+ 202-33-5
252 250 40 252 226 30
It BUR Ble]A 199-54-2
HKIHH[elit Ble]P 192-97-2 252 250 40 252 226 30
HKIH[altE Bla]P 63466-71-7 252 250 40 252 226 25
Jt PER 198-55-0 252 250 40 252 226 35
FACE I Lal it Bla]P-d;, 63466-71-7 264 262 35 264 236 40
DAAR A T P S A e BT AR B (1 ng/mL) 036, A I & 8r
10 W, Fr A5 I 5 {6 1) 1 i 22 (SD) A g 3k ok, LA 3SD i & ok
BB AR R L L 10SD 5 05 R i R . .l
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L2.7 EEYE EBMERNE X E SRS 1.2.5 07 ws
VR AT RE Ak FHOF HEAT 5 B SE L B T L £, e
o = R LT 20r " T, N — < ol +ﬁﬁ$ﬁ&
AR NE 5 U IESME 3 do 15 MU A v i 22 —e PREE
KBk, HIMERAEELENE 3 d K5 I iF 58 30 0 50 60
HIREBRAE G 2% . L)
Sl \ S S L ok 4 v o Time/min
1.2.8 Llﬂl%(')\ﬂnz u 3R4tht%“ﬂ#ﬂﬂ’ﬁ:j‘:"fté%#ﬂﬂ9 E 1 %jhﬂl%—?ﬁ'—ﬁ‘}éﬁ—&#’id”‘] é’;’;’%é’]%}"ﬁ]
V \ [ =x AN
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I 2 W 7 I T 1 2T T R O IR R AR I

results of cigarettes
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TR 5 25 AR 21 40 min J5 & BL, I AR 42 U 2 B 1845
T2 SR TC 3 25 S (5 2 U WIIR v A JBORT i 2 R o 4 B

1B 2 AT 2 ZEHUE] S 20~30 min W . 37 0 49 O
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Table 2 Results of B[a]P by ultrasonic extraction and

oscillation extraction ng/X%

5 BAEAEIR RGER || &5 EARER RGER
1 6.72 6.53 5 6.32 6.37
2 6.81 6.42 6 6.64 6.58
3 6.48 6.74 7 6.47 6.84

4 6.58 6.45 | g 6.57 6.56
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Figure 2 Effects of shake duration on the detection

results of cigarettes

A 1~20 ng/mL, L HEAHE R EN 0.998 6~0.999 6,31
FEMDE MR BV N A R X R, Bt laltE &
H IR 43 Sk AR B G R R 0.028 3~0.090 8 ng/mL (%]
T & & 0.056 6~0.181 7 ng/37) , &R 40.094 3~
0.302 8 ng/mL (% [ F M K & & 0. 188 6 ~
0.605 5 ng/3¥%).
24 BEEMHE5ENH

B 2% 4 AT IR G O 0 A5 19 4 A R 0T La 8 22 L[]
G SEAR VR P A B R X AR R 25 R 1,916 ~3.97 %%

EEZE SHEE—SBRREENEEREIRBESPEFEREASIFHUESE

H ) 2 B0 118 R e A v s 25y 2.54 26 ~4.46 %6, <5 %%,
TR EE M SR E H T B R R
2.5 [EUgER

B35 5 AT, R IR Lal 8 K H: ) 43 S5 44 14 1) i A7 [l i
FH 92.60% ~ 107.60% . AH XF b5 fE i 22 N 0.40% ~
3.01%  FRHIZ T IR RETE R
2.6 xtLbike

Hi 2% 6 W] R [R] SCHR T 2 9 [ b 9¢ B 2R 9 [k ] 9%
BRI a6 2 10 A4S DU {8 15 32030 7 vk 1 — BUk L0
Ui B IG 7 e AT
2.7 HBRESKBDHNE

KRG T Ik X CM7 2 b6 0 R 8 R [A] p 5 Tl
B [ 7= 0 A AR R AT AT
2.7.1 CM7 &M hIE 3 o, B0 ERMEA PR
H-Lalth B H IR 43 52 0 AR A0 B 40 2 8047, R 0F Lal e 5 1
B AR AR O Le J8E 43 2 FE LT .
2.7.2 WERABME T ORTE, R 0 A X7 35 e
FEAE S LA . & b IR ik AR S — R B R
SRS 2 Lal o8 Be FL IR 43 5 Al A & 5 D AR D0 19
F ik
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Table 3

its structural isomers (n=10)

Calibration curves, correlation coefficients, LOD and LOQ of benzo[ a]pyrene and

[ieg 7] o v it 2% R/ (ng e 327 R/ (nge X7
B[b]F Y=24.896 3X —0.845 7 0.999 2 0.102 8 0.342 5
B[ k]F Y=23.160 3X —3.439 6 0.999 4 0.129 6 0.432 0
BLj]F Y=28.471 3X —0.500 6 0.998 6 0.181 7 0.605 5
BjJA+Ble]A Y=3.092 4X—0.088 4 0.998 9 0.089 7 0.298 9
Ble]P Y=28.471 3X —0.500 6 0.999 4 0.084 9 0.282 8
Bla]P Y=19.672 5X —0.366 9 0.999 6 0.056 6 0.188 6
PER Y=154.289 3X—1.078 1 0.999 2 0.139 3 0.464 3

x4 FHLIERERSRHENBNESHMA IERE
Table 4 Intraday repeatability and daytime reproducibility of detection of benzo[ a]pyrene

and its structural isomers (n=15)

HNELE % H 7] 2 30 1
ey
SEHME/ (ng+ g=)  RSD/%  EHMEH/(ng+g ')  RSD/%
B[bJ]F 5.23 2.52 5.37 3.55
B[k]F 2.60 2.84 2.55 4.46
B[jJF 3.61 3.97 3.62 3.97
B[jJA+B[e]A 5.82 2.23 5.78 2.54
Ble]P 5.91 1.91 5.87 4.09
Bla]P 6.58 2.25 6.47 4.46
PER 3.22 3.08 3.27 3.33
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Table 5 Recoveries and precisions of detection of benzo[a]pyrene and its structural isomers (n=75)
s JR R/ 1 ng/% 5 ng/3 10 ng/3
(ng+ ™D WER/%  RSD/%  WBIE/%  RSD/% WA/ %  RSD/%
B[b]F 5.11 107.60 1.46 102.76 1.58 101.18 0.89
BLk]F 2.64 92.60 2.32 99.84 0.79 99.62 0.51
BliIF 3.52 109.80 2.34 101.96 2.13 101.14 0.75
BljJA+B[e]A 5.83 99.60 1.45 98.12 1.64 98.90 0.55
BlelP 5.94 98.60 1.00 98.76 0.64 99.90 1.14
Bla]P 6.52 96.40 1.51 102.96 1.67 100.58 0.40
PER 3.11 107.60 3.01 102.80 0.70 100.88 0.59
R 6 3RIFSILEMEP 7 PAHs BN R
Table 6 Results of benzo[ a]pyrene and its structural isomers of reference cigarette 3R4F
ng/%
K ¥ B[bJF  BIKJF  B[JF BLJA+B[c]JA BlcJP  BlaJP  PER
[ R 5.11 2.64 3.52 5.83 5.94 6.52 3.11
SCHRC15] 5.4 2.2 6.6
SCHik[16] 5.3 2.1 6.5
y 3 ik
=i I AL T T AU €5 e T R
% g }% B0 F2 0 R AR I La 28 K HCTR] 23 S48 (AR I Db ]9 1
"é 08 (BLbIF) I [kJ% B (BLEIF) I ]92 B (BLIF) R
= 04 FLIES B (BLIA) R I Le B M (BLeJA) LRI [e]
oor B (Ble]P) JE(PER) H &M L. SRIE, KB ITikS
1718 19,20 21 22 25,24 2526 27 28 29 BT b 7 o5 ) G 5 2 5 T S M AT M5 5 4R A
LHI[DIH 2. %#[km;m:m%#m&ﬁ 4 HI] @’Egﬁﬁigﬁgﬁ‘ﬁfﬁf@?muﬁ%W“%
B3 EIAE AT R BEAI R 2R e) &6 B ’

AV AN [ £ BB B S 6D AR 04 2 — LR A M A U

Figure 3~ GC-MS/MS chromatograms of real cigarette
sample of benzo[ a]pyrene and its structural i- AR DRI T I 55 8 I e ) B Tl B 5 4 1K )
somers B9, U IR R ) OGS o AT B TE T AR AS 2R 01 W U 5 2001
*x7 BARBHENEHLIERERSRMGEEE
Table 7 Results of benzo[a]pyrene and its structural isomers of cigarettes determined by this method (n=2)
ng/%

FER S BIbJF B[k]F B[j]JF  B[jJA+B[c]A B[e]P B[alP PER 4
1 8.06 3.69 4.80 7.81 6.90 7.57 4.10 42.93
2 8.12 3.46 4.52 7.68 6.99 7.52 4.08 42.37
3 7.25 2.81 3.79 5.91 6.24 7.42 3.81 37.23
4 7.32 2.49 4.62 5.89 5.98 6.59 3.25 36.14
5 5.35 2.58 3.36 5.94 5.82 6.32 3.31 32.68
6 5.37 2.55 3.72 5.98 5.79 6.36 3.32 33.09
7 4.42 2.28 3.24 5.48 5.58 5.64 2.23 28.87
8 4.72 2.19 3.47 5.36 5.21 5.21 2.11 28.27

(F#% 140 )



140

35 5 R 8 STORAGE TRANSPORTATION &. PRESERVATION

etry, 2014, 116(2). 1 001-1 010.

[12] ULRIKE K. FRIDOLIN R, ERANDA H, et al. Review:
Dynamic models of Li-Ion batteries for diagnosis and opera-
tion: A review and perspective[ J]. Journal of the Electro-
chemical Society, 2018, 165(16): 3 656-3 673.

[13] HOU Kai-yuan, SHAO Guang-hui, WANG Hai-ming, et
al. Research on practical power system stability analysis al-
gorithm based on modified SVM[ ] ]. Protection and Control
of Modern Power Systems, 2018, 3(2). 2-7.

[14] GAUTAN J V, PRAJAPATI H B, DABHI V K, et al.
Empirical study of job scheduling algorithms in hadoop Ma-
pReduce[ ] ]. Cybernetics and Information Technologies,
2017, 21(1) . 146-163.

[15] CAETANOC E F, LIMAA B. PAULINO J O S, et al. A
conductor arrangement that overcomes the effective length
issue in transmission line grounding[ J]. Electric Power Sys-
tems Research, 2018, 46(5): 159-162.

[16] SONG Zi-you, LI Jian-qiu, HOU Jun, et al. The optimiza-
tion of a hybrid energy storage system at subzero tempera-
tures: Energy management strategy design and battery
heating requirement analysis[]J]. Applied Energy. 2015,
159 576-588.

[17] KERESZTES J C, GOODARZI M, SAEYS W. Real-time

pixel based early apple bruise detection using short wave in-

B 2308 | 2020 £ 12 A | RéSHIM

frared hyperspectral imaging in combination with
calibration and glare correction techniques [ JJ]. Food
Control, 2016, 66(1); 215-226.

[18] JIA Zhi-wei, WANG Lijun, ZHANG Jin-chuan, et al.
High efficiency, low power-consumption DFB quantum cas-
cade lasers without lateral regrowth [ J ]. Nanoscale
Research Letters, 2017, 12(1); 88-95.

[19] AZUMAYA C M, DAYS E L, VINSON P N, et al.
Screening for AMPA receptor auxiliary subunit specific
modulators[J]. PLoS One, 2017, 12(3); 1 523-1 538.

[20] FAN Cheng-li. Hybrid artificial bee colony algorithm with
variable neighborhood search and memory mechanism[J].
Journal of Systems Engineering and Electronics, 2018, 29
(2): 405-414.

[21] T, X8, Fradn, 5. T 3 R0 B AL 75 R 15 5
W5 RAE RG], WL K2 W (R0l 5 A4 Bl 2
fR), 2020, 46(1): 111-118.

[22] WK, RAEN]. BT/ 5 M ARG /SR |
B0 B SPL, 2020, 36(4) . 142-145.

[23] 0 Hte, R, Fk AR, 45, 36 F 35 20 50 ok % 1 PSO-
SVM Sk B 8 4y 005 1[0 ). sl R, 2018,
46(12): 141-144,

[24] F52, ZME, bl . 3T BR300 4
WrElT ). Asifk 5403, 2019, 34(7): 39-43.

(L% 48 7O
[e TS RO B A4 AL 25 W b o o 76 DG R B B O 326 € 3 A
B ZHGEAT o B

S % Tk

L] ®%89, b, 2545 %, %, 57 3L M 4 bl 42-MSPE-
HPLC-UV %W & £ 3% 05 &[] & & 5. 2019, 35
(11): 64-69, 197.

L2] WG, XIER, KRR, 5. BESEFER Rl
JHEL R, 2009(2) ; 5-15.

(3] Zuiti, A, &g, & BEHZEBR-GC/MS &% [ 1@ %5
JHE WA 16 Fh 2 335 R )], ME R, 2018, 51
(4);46-52.

C4] M 4e. M2 HF. ASE ¥ H-HPLC % I & M <+ £ 3635
K1), FRABWM . 2010(4) . 212-217.

[5] ik, B, AR, & BMERMI P RIELa]EM
HPLC W& [J]. WAL, 2003(4): 22-24.

[6] BREM. Ei, KR, % LCMS/MS & JRW Y 11 Fp
LI IR EYL]. MERHE . 2012(4) : 37-43.

(7] /. BHIH, BIRA, & BWERMITZH TR EL
YRR R/ AT ]SS A BT DL M RERHEL L 2007(10)
26-30.

(8] E il e, Y, 55, B F WM R 4£-GC/MS 120 & 41
F A 3 Fh PAHs[J]. MHRAHL, 2016(1) : 46-53.

Lo W &k, BR/hNgh, 2435, %, —Fp R DN & 40 3 F S

O R AT NGl JHe R 2 PR Y SR I 7 5 . 105675757 AP .
2016-06-15.

[10] FEAEMG . XV %, BREL, S5, — iR € 3k — d3 56 B3k [ i
R K 3 R A R O NNK R 3 Lal B 19 07 %
104535695A[P]. 2015-04-22.

L1 gt waT, XA, S5 [ AR A% IO SO 6% — BTk i
AEEW AR R I Lal B BFIE LT ] 3%, 2002, 20(2):
187-189.

[12] ke, F8E% . #AKR . & PTV-GC/MS-SIM % £ Il %
JAAR A g BlalPLY . B EAHE AL, 2007, 28(2): 19-22.

[13] E&2, WHEE, §IH, 55, 00/ w2 —S0M
i/ B o A M0 2R L BE LT . A k2. 2013,
41(7). 1 069-1 073.

[14] #8352, FHT, BR#is. 5. GC-MS/MS 1 Pt il & 45 4
FMAP AL ERT]. D RERF ¥R AR
BRI . 2018, 27(2): 95-101.

[15] TARRANT J E. MILLS K, WILLIARD C. Development of an
improved method for the determination of polycyclic aromatic
hydrocarbons in mainstream tobacco smoke[ J]. Journal of Chro-
matography A, 2009, 1 216(12); 2 227-2 234.

[16] WANG Xiao-yu, WANG Yuan, QIN Ya-qiong, et al. Sen-
sitive and selective determination of polycyclic aromatic hy-
drocarbons in mainstream cigarette smoke using a graphene-
coated solid-phase microextraction fiber prior to GC/MS[]].
Talanta, 2015, 140: 102-108.



