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Determination of Benzene and Its Analogues in Soil with Headspace GC-MS
LU Bing-wen, HAN Chun-mei, ZHOU You-ya, XUE Nan—dong, LI Fa—sheng, GU Qing—bao

Department of Soil Pollution Control, Chinese Research Academy of Environmental Sciences, Beijing 100012, China
Abstract Benzene and its analogues are common organic pollutants in soil as consequence of uncontrolled spills, accidents of organic
chemicals. However, standard method for monitoring of benzene and its analogues has not been established in China. Method of determination
of benzene and its analogues in soil with headspace GC-MS was studied in this paper. Working parameters for headspace was optimized.
Quality control parameters such as precision, recovery of standard, limit of detection and limit of quantification for the process were deter—
mined. Results showed that 2 mL of matrix modifying solution with equilibrium temperature 70 °C and time 10 minutes were the best for
headspace procedure. The linear scope of the method was 11~550 pg-ke™ soil, and the correlation coefficients were higher than 0.99. The av-
erage recovery, accuracy, limit of detection and limit of quantification of this method were in the range of 89.77%~98.64 %, 0.72%~4.64%,
0.01~0.21 pg kg™ and 0.03~0.71 pg kg™ respectively for benzene and its analogues in soil. Monitoring with headspace GC—MS for benzene
and its analogues in soil will be a potential method with the advantages of less loss of analyte and time, easy operation, high sensitive and effi—
ciency.
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Table 2 Detecting parameters of headspace GC—MS process
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Table 1 Physical and chemical properties for tested soil
pH /g*em™ 1% /%  CEC/emol -kg™ 1% 1% 1%
7.28 2.96 29.3 1.13 11.63 15.12 73.25
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I pL 11 pg-keg™ 5 pL
110 pg-kg™ 20 pL

55 pgkg™ 10 pL
220 pg kg™ 50 pl. 550 pg-

5
Table 5 Limits of detection and limits of quantification of

headspace GC-MS process

ke Ipgkg™ Ing kg
0.011 6 0.038 7
0.010 9 0.036 4
3 ° 0.022 6 0.075 2
3 0.039 3 0.130 9
Table 3 Linear equations and correlation coefficients of benzene 0.092 1 0307 0
and its analogues 02125 0.708 2
y=205.88x+370.45 0.999 6 o
y=203.04x+329.3 0.999 8 o
y=235.09x—1 805.1 0.999 3
y=423.75x-5 165.2 0.999 2
y=212.11x-1 801.5 0.999 7 :
y=202.46x-3 611.1 0.997 6
GC-MS
2.6 N
2.00 ¢ 5l
55 pg kg™ o
5 o N N N
. 7 4.64%
89.77%~98.64% 4 [1] Oscar Ezquerro, Gustavo Ortiz, Begona Pons, et al. Determination of ben—
[10-11] zene, toluene, ethylbenzene and xylenes in soils by multiple headspace
° solid—phase microextraction[J]. J Chromatogr A, 2004, 1035 17-22.
[2] Esteve—Turrillas F A, Armenta S, Garrigues S, et al. Headspace —mass
o spectrometry determination of benzene, toluene and the mixture of ethyl -
2.7 benzene and xylene isomers in soil samples using chemometrics|J]. Anal
3 Chim Acta, 2007, 587 89-96.
10 3] , , )
- 5 [J]. ,2003,22 5 620-623.
© YANG Jian—tao, ZHU Kun, MA Juan, et al. Desorption of benzene com—
5 pounds from soil in surfactant solution[J]. Journal of Agro—environment
0.01~0.2 pug-ke Science,2003,22 5 620-623.
[10-11 14] [4] Zhouyao Zhang, Janusz Pawliszyn. Headspace solid—phase microextrac—
. tion[J]. Anal Chem, 1993, 65 1843-1852.
3 5] : M].
, 1992 295-311.
GC-MS Environmental Monitoring of China. Test methods for evaluating solid
wastes|M]. Beijing China Environmental Science Press, 1992 295-311.
4
Table 4 Recoveries and precisions of benzene and its analogues in soil samples
/pg kg 2417 1 1.013 8 0.678 9 0.414 3 0.642 6 1.011 2
RSDI% 4.64 1.91 1.23 0.72 1.16 1.67
1% 89.77 92.62 96.96 97.94 97.16 98.64




816 - 2010 4

[6] Carolina Carrillo-Carri‘on, Rafael Lucena, Soledad Cardenas, et al. Liq— [11] s s . [
uid liquid extraction/headspace/gas chromatographic/mass spectrometric ,2001, 14 6 40-42.
determination of benzene, toluene, ethylbenzene, o—, m—and p— xylene WU Yu-feng , YANG Jia—feng, WEI En—qi. Headspace GC for deter—
and styrene in olive oil using surfactant—coated carbon nanotubes as ex— mining benzene series in soil[J]. Urban Environment & Urban Ecology,
tractant[]J]. J Chromatogr A, 2007, 1171 1-7. 2001, 14 6 40-42.

[7] Idoia Arambarri, Maitena Lasa, Rosa Garcia, et al. Determination of fuel [12] . [J1-
dialkyl ethers and BTEX in water using headspace solid —phase mi — ,2008,33 6 134-137.
croextraction and gas chromatography—flame ionization detection[]J]. J SUN Hua. Method of static headspace—gas chromatography for determi—
Chromatogr A, 2004, 1033 193-203. nation of volatile organic compounds in soils [J]. Environmental Sci—

[8] Minoo D F Askari, Michael P Maskarinec, Stacy M Smith, et al. Effec — ences and Management, 2008,33 6 134-137.
tiveness of purge —and —trap for measurement of volatile organic com- [13] s . - [J].
pounds in aged soils[J]. Anal Chem, 1996, 68 3431-3433. ,2008,26 6 697-703.

[9] Jianying Gan, Sharon Papiernik, Scott R Yates. Static Headspace and gas JIA Li—juan, DENG Yun—-yun. Determination of organochlorine pesti—
chromatographic analysis of fumigant residues in soil and water[J]. JAgr cides in soils using gas chromatography — tandem mass spectrometry[J].
Food Chem, 1998, 46 986-990. Chinese Journal of Chromatography, 2008,26 6 697-703.

[10] s , . BTEX[J]. [14] . / [J].

,1998,14 6 18-20. ,2007,32 11 125-128
XIAO Rui-min, ZEN Shao—rui, FAN Jian. The determination of BTEX TIAN Jing. Soil quality determination of volatile aromatic hydrocar —
in soils by headspace gas chromatography[J]. Environmental Monitoring bons headspace/gas chromatographic method[J]. Environmental Sciences

in China, 1998, 14 6 18-20. and Management, 2007,32 11 125-128.



