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Simultaneous Analysis of 16 Polycyclic Aromatic Hydrocarbons in Cigarette
Smoke Based on Matrix Solvent Correction Combined with
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Abstract: An improved method was developed for the detection of 16 polycyclic aromatic
hydrocarbons (PAHs) in mainstream cigarette smoke during combustion. The methodological
approach involved matrix matching standard solution preparation, direct injection of the extraction
solution, and measurement of standard linearity curves to quantitatively analyze the release of target
compounds. Considering the diverse physical and chemical properties as well as distribution patterns
of the 16 PAHs in cigarette smoke, the impact of room temperature and high-temperature ion sources

on the response of target compounds was investigated. Additionally, the preparation methods of
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matrix solvents and the matrix effects on the quantitative results of target compounds were also
explored. Furthermore, a systematic study was conducted on the smoke release distribution of
commercially available cigarettes with different circumferences. The results demonstrated that direct
injection of sample extract eliminates the need for sample purification, concentration, and other
processing steps employed in current detection methods. This simplifies sample pretreatment
procedures while reducing organic solvent usage and consumables consumption. Moreover, it
resolves issues related to low operational efficiency when dealing with large quantities of samples.
The use of matrix solvent to prepare standard solution effectively reduces the influence of matrix
effect, and solves the technical problem of low recovery of target substance in flue gas caused by no
purification treatment when using gas chromatography-tandem mass spectrometry (GC-MS/MS) to
analyze 16 kinds of PAHs. Under the normal working parameters of the instrument, the electron
impact ion source (EI) was used under high temperature to improve the ionization efficiency of the
targets in complex matrix and to ensure the accurate analysis of targets with low concentrations. The
correlation coefficients (R”) of the calibration curves for 16 PAHs are 0.996 4-0.999 8, the limits of
dectection and the limits of quantification are 0.29-1.48, 0.95-4.94 ng/cigarette, respectively. Under
different concentration levels, the average recovery is 87.71%-123.26%, and the precision is within
1.58%-9.45%. By analyzing the reference cigarette 3R4F, there is no significant difference between
this method and those reported in the literature. The total amount of PAHs released from 58 brands of
cigarette samples are 742.76-1 505.99 ng/cigarette. At the same time, with the decrease of tar content
in cigarette, the release of PAHs will be reduced accordingly. This method is simple, practical, stable,
and accurate, providing more technical means for the detection of trace PAHs in cigarette smoke.

Key words: polycyclic aromatic hydrocarbons (PAHs); matrix solvent; gas chromatography-tandem

mass spectrometry (GC-MS/MS); high temperature ion source; cigarette mainstream smoke
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Fig. 1 Preparation steps of matrix solvent
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Table 1 Retention time, qualitative and quantitative ions and collision energy of
16 kinds of PAHs and internal standard

EY BIRGES PR ] JE i B FXT FEVER YT Tl A

Compound Name abbreviation Retention time/min Quantitative ion pair (m/z) Qualitative ion pair (m/z) Collision energy/eV

E:S Nap 6.47 128,102 128,78 20,20

JE N Anp 11.18 152, 151 152, 150 20, 20

& Ane 11.89 154, 153 154, 152 20, 20

% Flr 14.16 166, 165 166, 164 25,25

E[3 Phe 18.86 178, 152 178, 151 25,25

& Ant 19.00 178,152 178, 151 25,25

PR Flt 25.45 202, 201 202, 200 30, 30

3 Py 26.51 202,201 202, 200 30, 30

I [a]& BaA 33.71 228,226 228,227 30, 30

Ji Chr 33.73 228,227 228,226 40, 40

HIF[bIRE BbF 39.32 252,250 252,251 40, 40

HIF K BKF 39.45 252,250 252,251 40, 40

I [a]tE-d (AR) BaP-d,, 40.74 264, 260 264,236 40, 40

I [a]E BaP 40.84 252,250 252,251 40, 40

EfiIf[1,2,3-c.d]TE IedP 4591 276, 274 276,275 50, 50

I [a,h]E DBahA 46.15 278,277 278,276 10, 10

HIf[gh il BghiPy 46.91 276, 275 276,274 30, 30
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Fig. 3 Total ion flow chromatogram of 16 kinds of PAHs
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Table 2 Calibration curves, limits of detection and quantification, recoveries and precisions of 16 kinds of PAHs

TR APEGE HOCRE R ERER [l Recovery (RSD/%)

wEY Calibration Linear CorrelaFlon L1m1F of Lm.nt (?f — — o
Compound range/  coefficient detection/ quantitation/ TR HraEKP ik
curve (ug/L) (R?) (ng/cig) (ng/cig) Low level Medium level High level

Nap y=2.3604x-0.2038 5~500  0.9998 1.48 4.94 113.42(5.21) 102.32(4.43) 90.04(5.15)
Anp y=2.4522x+1.0092 2~200  0.9991 0.90 3.00 93.73(3.10)  97.79 (2.45) 81.40(4.40)
Ane =3.6701x-0.2243 1~100 0.9988 0.34 1.15 110.33(5.87) 94.83(1.51) 100.29(2.61)
Flr y=4.2919x+1.0951 2~200  0.9964 0.43 1.44 110.02(6.53) 115.26(2.26) 88.77(2.52)
Phe y=1.7018x+0.4752 2~200  0.9982 0.83 2.78 105.37(4.06) 116.51(8.76) 96.81(3.62)
Ant y=1.4178x+0.0230 1~100  0.9993 0.51 1.70 99.23(5.05) 104.59(2.96) 93.97(6.25)
Flt y=2.1725x+0.2256 1~100  0.9992 0.49 1.62 102.06(6.41) 105.49(3.79) 94.00(2.35)
Py y=2.6344x+0.5182 1~100  0.9992 0.70 2.33 96.08(5.14)  99.24(4.91) 87.23(2.76)
BaA =2.9787x+0.0949 0.5~50 0.9979 0.26 0.88 109.11(7.86) 114.60(6.17) 113.86(3.42)
Chr =0.4182x+0.0407 0.5~50  0.9979 0.45 1.50 86.91(5.38) 101.98(7.68) 119.60(1.79)
BbF y=4.5424x+0.1295 0.5~20  0.9997 0.34 1.12 112.50(8.64) 118.00(8.59) 115.69(1.61)
BKF y=4.4152x+0.0442 0.5~20  0.9996 0.35 1.17 123.02(2.29) 120.12(8.15) 123.03(1.62)
BaP y=1.6110x+0.1039 0.5~20  0.9997 0.71 2.37 97.82(3.28) 113.46(9.53) 118.28(1.30)
IcdP =0.8147x+0.0862 0.5~20  0.9993 0.29 0.95 98.42(8.84) 115.88(3.67) 121.52(7.66)
DBahA y=1.9472x+0.1302 0.5~20  0.9995 0.30 0.99 113.19(9.82) 104.44(9.91) 108.96(4.79)
BghiPy $=0.3638x+0.0492 0.5~20  0.9995 0.50 1.65 116.06(4.15) 121.44(6.82) 125.31(8.63)

R, AR R, g 1%k 86.91%~
123.02%, ¥& % B (RSD) N 2.29%~9.82%; H1 457K
SELET, bR DR A 94.83%~ 121.44%, RSD
K 1.15%~9.91%; = K- 248 T, ks [cR
81.40%~125.31%, RSD 4 1.30%~8.63%. A~ [f]
K- Z5AE T, &84 H A5 % (W1 BKF, IedP, DBahA
F1 BghiPy ) £ 7 [ISHRKT 120% 0915 10, 3X A BE
5HAH S R RA G, S BERH
EC657 548 4 A7 5 i 1t 43 BT 5 5 v At B ARG
W B PEAN bR, X TR A H bR I R
Mr, AR ik A . R RN T S
i, AT AL (] 43 T A AR AR Kb 16 Fl PAHS
F 2K o

242 XFHCIGTE [ P AME IR SR 4RI
s AR i (i 35 2 1 2 5 [ o 0 5 K 1l 3 1
S B 3RAF, AL, LS LA 3RAF M F5E
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Table 3 Detection results of 16 kinds of PAHs in

reference cigarette 3R4F

P&t Release amount/(ng/cig)

WEY Aork JoEt[27]  CHR28]  SCER[29]
Compound ;g Reference  Reference  Reference
method [27] [28] [29]
Nap 339.5 3353 360.8 3439
Anp 70.3 65.7 71.6 68.9
Ane 46.8 48.4 56.8 54.2
Flr 178.1 201.1 189.2 186.1
Phe 114.9 117.6 138.9 135.8
Ant 56.7 54.6 62.3 59.3
Flt 46.8 48.7 52.7 54.4
Py 38.9 38.5 44.8 45.0
BaA 13.1 13.5 14.1 13.8
Chr 15.6 14.5 16.2 15.9
BbF 6.2 4.9 5.4 53
BkF 3.0 2.5 2.2 2.1
BaP 6.7 6.9 6.6 6.5
IcdP 34 3.7 3.8 3.9
DBahA 1.7 1.8 — 1.9
BghiPy 1.6 2.1 1.9 2.1
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Fig. 7 Distribution of 16 kinds of PAHs in cigarette
smoke from 58 different brands

on the market
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Fig. 8 Network correlation heat map of tar and
16 kinds of PAHs in cigarette smoke
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[fi] B 3 A7 48 4 7R 16 b PAHS 4905 vk, )T 3 R
Vs A A AR R, 1 R UK LR R, 256 = i
B 1 I GC-MS/MS H A 5 % . W 1 53t 16 F
PAHs. Z5H KB, 16 Flt PAHs 75 45 [ 26 14 v Bl
N YA SE R BU(RY) H 0.996 4~0.999 8, K HH B Ay
0.29~1.48 ng/3¢, & # R4 0.95~4.94 ng/32 . A
] 8 0 7K ST 0 7 S8 b el Sk 87.71%~
123.26%, A5 % FE M 1.58%~9.45%. K A Jr ik
K 45 18 L 2 L 40 3RAF (1945 31 55 SCRk e 45
RAGRE—B, WA 58 AR &
i B IHRE S, 16 Fh PAHs BUREICEE Jy 74276~
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