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Determination of Volatile Organic Compounds in Gas-phase Mainstream
Smoke by Gas Chromatography-mass Spectrometry

HOU Hongwei, XIONG Wei, JIANG Xingyi, PANG Yongqgiang, TANG Gangling, HU Qingyuan*
(China National Tobacco Quality Supervision & Test Center, Zhengzhou 450001, China)

Abstract: A gas chromatography-mass spectrometry (GC-MS) method was successfully developed and validated for simultaneous
determination of five Volatile Origanic Compounds (VOC: 1,3-butadiene, isoprene, acrylonitrile, benzene and toluene) in cigarette
gas-phase mainstream smoke. Before smoking, each impinger was spiked with D6-benzene internal standard solution. The gas-phase
mainstream smoke was trapped by two impingers filled with methanol cool solution. And then, five VOCs were analyzed by GC-MS
under selected ions recording mode. The limit of detection and limit of quantification for each VOC were varied from 0.01 to 0.81
pg/cig and 0.04 to 2.73 pg/cig. Recoveries were in the ranged of 92.3% to 98.5% and intra- and inter-assay precision (RSD%) were
1.95 to 9.21. This new VOCs determination method provided higher sensitivity, specificity, and repeatability than earlier methods.
Five VOCs levels of 38 commercially available domestic and overseas cigarettes were determined under ISO (International
Organization for Standards) and Canadian intense smoking regime by the proposed method. VOCs levels in mainstream smoke under
Canada intense smoking regime were twice higher than ISO regime.
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1.4 2 100 mL
[15] 50 mL
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1.5
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EI 70 oV 5 VOCs 1
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2.1 Tablel Trapped contents of 5 VOCs in NO.1 NO.2 and the
connected tubing
5 VOCs s
1 2572 166.15 4.20 20.67 22.54
2 0.10 9.37 0.34 1.84 6.03
0.00 531 0.20 135 3.79
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2.3 2.4
26
[18] GC/MS
LOD LOQ 3
5  VOCs 10 3 5
5 LOD 0.01~0.82pg/ LOQ 0.04~
2 2.73 pg/ 5
5 92.3%~98.5%
GC-MS
25

Table 2 Linearity range, regression equation and correlation
coefficients for 5 VOCs in mainstream smoke
/

(ngmL™) R
1,3- 0.12~64.08 y=0.1408x-0.826 0.9985
1.32~660.00  y=0.3682x-5.0651 0.9990
5 D6-  0.07~37.00 »=10.3841x-0.0889 0.9995
0.9985 0.9998 0.34~171.40 y=0.0342x-0.0705 0.9998
0.36~178.80  y=0.029x-0.0356 0.9997
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Table 3 LOD, LOQ and recoveries for 5 VOCs 10%
fug ) fug ) 1% °
13- 0.82 2.73 923 2008 CORESTA
0.01 0.04 95.6 cc >3
0.06 0.21 94.8
0/ _2()O
0.02 0.08 98.5 25%~30%
0.03 0.11 93.2 2.6 ISO
2.5
7 4
5d 5 7 38
4 4 1~5
4 1ISO
Table 4 Repeatability of 5 VOCs under ISO smoking regime
13- fug ™ fug ™ Mg D Awg H Aug ™ /(mg ) /
1 43.26 253.55 9.39 36.74 53.38 11.12 6.0
RSD% 7.1 11.2 12.7 9.2 54 32 1.6
) 36.85 283.26 4.94 32.35 43.30 6.84 10.1
RSD % 9.6 6.6 7.0 54 5.6 6.1 0.7
3 40.97 266.62 6.64 34.58 45.97 7.90 7.5
RSD % 7.4 43 6.4 34 4.4 22.1 9.9
4 53.25 352.21 7.20 35.73 42.49 16.02 8.2
RSD % 7.8 4.6 4.7 8.0 9.2 4.7 4.0
5 50.99 426.24 8.17 44.08 62.14 10.49 8.5
RSD % 2.5 3.5 7.1 2.9 5.2 43 3.1
6 15.11 162.63 2.52 17.05 22.36 3.44 7.2
RSD % 8.8 6.5 7.6 3.7 43 5.8 2.6
7 67.40 571.10 10.57 60.20 78.23 18.15 9.8
RSD % 6.6 2.6 34 2.0 3.1 2.6 5.5
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