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Assessment of TVOC and Odor in the Remediation Site of Contaminated Soil

and Groundwater Using Electronic Nose

TIAN Xiu-ying'*, CAI Qiang', LIU Rui', ZHANG Yong-ming’

(1. Key Laboratory of Water Quality Science and Technology, Yangtze Delta Region Institute of Tsinghua University Zhejiang, Jiaxing
314006, China; 2. Department of Life and Environment Science,Shanghai Normal University , Shanghai 200234 , China)

Abstract: According to the conditions of a contaminated soil and groundwater remediation site in Shanghai, the self-built electronic
nose was applied to detect VOCs and odor of previously remedied soil and groundwater, remedying soil and groundwater, and the air
above and around the site. Combining the formula of TPl and OPI, the value of each point was got and was shown in figures. Results
showed; D Comparing the determination results of previously remedied with remedying contaminated soil and groundwater, the
concentration of TVOC and odor was overall declined. The result was consistent with the fact. The detection result of electronic nose
was proved to be right; @ In the remediation process of soil and groundwater, the volatilization of VOCs and odor was inflected by
temperature and works of crushing, adding medicine and turning the soil on time. The concentration showed a trend of overall decline
with stage rising, so the electronic noses can be used for dynamic monitoring of the whole remediation process; 3 Combined with the
GIS, the electronic noses can preliminary assess space pollution situation caused by the remediation of contaminated soil and
groundwater and the influence on the residence in the surrounding region. However, further study on the refined classification of the
impact degree is needed.

Key words : electronic nose; GIS; TVOC; odor; soil; groundwater; TPI; OPI
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Table 1  Temperature and humidity of area 1

% A 00 s i) T/ C e/ %
1 %51 .d10:00 9 55
2 %51 .d13:00 16 59
3 %1 d16:00 10 57
4 %52 d10:00 11 60
5 %52 d13:00 17 58
6 %52 d 16:00 8 52
7 %53 d10:00 7 60
8 %3 d13:00 14 65
9 %53 d 16:00 11 61

R2 2 SHBUGNIRIREIEE

Table 2 Temperature and humidity of area 2

P A et fe] M/ C R/ %
1 %1 d 1000 11 55
2 %51 d 1300 12 65
3 %1 d16:00 7 64
4 %2 d 1000 12 58
5 %52 d 1300 16 67
6 %2 d 1600 11 66
7 %3 d 1000 13 58
8 %53 d 1300 12 60
9 %53 d16:00 8 56

*®3 LIEESEE TPIF OPIY
Table 3 TPI and OPI before soil remediation

Mtk TPI/mg-L~! OPL/kQ)
15 82. 64 3.00
25 56.91 3.35
1) KMiB iR 2 12°C 1R E 2 50%
50
| ]
40 |-
jg 30 ;
)ﬁf — N
ot 20 | \
l\.
0 1 1 | | | 1 | | |

5
EiRE
E5 1Stk TPI
Fig. 5 TPI of area 1
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Table 4 TPI and OPI of area A

A XI55 TPI/mg-L~! OPL/kQ)
Al 16.53 3.03
A2 26. 83 4.13
A3 27.86 4.53
A4 28.70 4.64
A5 27.04 4.08
A6 26.35 3.90

1) K< 2 23°C 1Y) 72%
%5 BIX TPI#1 oPI"
Table 5 TPI and OPI of area B

B XJ-4i 5 TP/mg-1~! OPI/kQ
Bl 26. 66 8.22
B2 20. 49 7.80
B3 20. 54 8.52
B4 20.97 9.52
B5 23.32 8.18
B6 20. 56 7.49
B7 19. 89 9.63
B8 18.74 9.40

1) IR 20°C | B EE L 75%
%6 C[XTPI#OPI"
Table 6 TPI and OPI of area C

C KHhge TPI/mg-L "' OPI/kQ)
c1 20. 59 5.05
2 20. 49 8.05
c3 26.18 3.92
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20
1.8 - i
g 16|
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| | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10
R
E6 1 Siitk OPI
Fig. 6 OPI of area 1
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Fig. 7 TPI of area 2
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Table 7 Temperature and humidity of groundwater

E8 2 Sitiik OPI
Fig. 8 OPI of area 2
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i 6 It 1 L/ C R/ %
d11 %1 d10:00 10 71
d12 %1 d13:00 15 70
di3 %1 d16:00 11 74
d21 %52 d 10:00 12 72
d22 %2 d13:00 19 75
d22 %2 d16:00 14 73
d32 %53 d10:00 15 76
d32 %53 d13:00 20 78
d32 %3 d16:00 17 75
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%8 Chl ~Chl0 &£ TPI 70 OPIV
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- Table 8 TPI and OPI of Chl to Chl10
“or R TPL/mg-L"! OPL/kQ
35 |- Chl 6. 89 1.01
T a0 Ch2 13.82 1.27
2 A . Ch3 13.46 0.49
® &r Ch 13.63 0.41
oK 20 |- Ch5 11.38 0.45
5L \ Ché6 8.99 0.27
\ Ch7 16. 40 0. 83
10 - Y B Ch8 12. 42 1.37
5 ] ] | | | | | | | Ch9 8.21 0.24
dlil  d12 d13 d21 d22 d23 d31 d32 d33 Ch10 9.23 0.37
@5
1) KMet < IRZ) 16°C IR E Y 64%
B9 HTKIESZhERN TPL
Fig. 9 TPI of the groundwater remediation processes %£9 KBI ~KBS &= TPI # OPI"
Table 9 TPI and OPI of KBI to KBS
35 L I TPL/mg-1.~! OPI/kQ
b KBI 12.30 0.30
30 |- i KB2 11.62 0.38
KB3 11.43 0.29
25 |- it
: KB4 22.86 2.02
g KB5 8.33 0.10
= 20 [
5 1) KSIRZY 165, IREEY 60%
1.5
° \\
1.0 |- 4
.\.
05 I | I | | ! | ! !

dit di2 di3  d21 d22 d23 d31 d32 d33

45

E10 #TKEEzHEKM OPI

Fig. 10 OPI of the groundwater remediation processes

2.3 G RIS S b

TE IR T KB W, VOCs Fll R 25
R B it 123 128 3o RS K 3 ~ 4 i vgdL
DA A R 1) 1 JR) 6 5 i ) L ER P A 0. R
Ttz A TR A B HE RS ) RS S N
R 5)iE 10 MAARREN A, 22518 Chl ~
Ch10, %% 8 4 A5 TPL #1 OPL; 7E37Hb )34 300 m /2
F¥5)HE 5 A AL, 430 KB (BCE B A BAEBE ) |
KB2(JEMifE) . KB3 (JEAEIX) . KB4 (JEAEX)
KBS (2242 , ISR LR B, 45 450 TPL A OPL 43k 9 iy
7. 45 55 TPL AT OPL X LR An & 11 Al 12 Bos , 15
PAREOR/N G s RN IE L.

Sy KRR I 25 SR 5408 5 5 I R - SR
TRATINZE FAR XS L, & B N 45 A8 TVOC IR Lk
3N 7 =1 R B A R < W 2 s - Y v s e
A R R R o5, Chl % Rk BE A v M)
M5 Ch3, Ch4 . Ch5, Ch7., KB1, KB2 F1 KB3 TVOC

E
574 B SRR 4 TPL

@ 6.890000 . 12.420001~16.400 000

@ 6.890001~9.230 000
. 9.230001~12.420 000 . 16.400 001~22.860 001

E 11 KBl ~KB5 #1 Chl ~ Ch10 TPI %R &
Fig. 11  Distribution schematic of TPI of KBI to
KB5 and Chl to Ch10

WeBE# s Ch2 . Ch8 Fil KB4 TVOC F1 3 B vk i %5

R, A &2 TR 2 %8 52 37 b g ) ) £ X
WCERE . ARG e W e = AN R g, L H i T
DA A8 52 0 A e ) 2 AT R TR



2 H 759545 JET 5 I S5 N /KTS B R B TVOC FIE R AT 467

e W

3N R JH 3 5. OP1

® (.100000
@ 0.100001~0.300000

. 0.300001~0.490 000 ‘ 1.370001~2.020 000

0.490001~1.370 000

12 KBI ~ KB5 # Chl ~ Chl0 OPI $%RE
Fig. 12 Distribution schematic of OPI of KBI to
KB5 and Chl to Ch10

NS, AN JE R X 4 a2 B P E R
3 g

(1) BB A E B 7 v A E S R 7K B9
R 25 AT L, TVOC 3 B e B A 1A 2 R
B, SHIANTT.

(2) fE A R R B R, TVOC AL R
AR B2 SRRIRBERAE | 7 I 24 b B Al 25
FOR A A SRR A P R R B BoE LT SR,

(3) %54+ GIS FoA 1L T5 0126 T
SR T KA S5 5 LA 23 035 S5 B o
JE R B L5 U W T ) EL AR T 529
TS

SE A :

(1] &L, R MESAE AT TR 38 e iy 05 B -fige 2 R
W[ D], L. L#ImERAE, 2011,

[2] ZJath B3RO EI-AYBEEER AR D], b
A R, 2004,

[3] FEHTRE. SR (SVE) ZHBRI5 Y L3P IE R A LY
(VOCs) IEEARBIFE[ D] M . MR, 2010.

[ 4] Stockmarr J, SRHEMI (7). EITISHITT2 1998 ~2003 4
AOKBEITRIL) ). HUFRE PRI, 1998, 15(4) : 26-30.

[ 5] Nielsen B J, Gillispie G D, Bhone D A, et al. New site
characterization and monitoring technology [ J ]. Environmental
Monitoring and Hazardous Waste Site Remediation, 1995, 2504 .
278-290.

[ 6] Aelion C M, Shaw J N, Ray R P, et al. Simplified methods for
monitoring petroleum-contaminated ground water and soil vapor
[J]. Journal of Soil Contamination, 1996, 5(3) . 225-241.

[ 7] WS, gan, g, & LiREX TVOC R T
B IEARRGE[J]. SR, 2011, 32(12) : 3635-3640.

[8] YangJ W, Cho HJ, Lee S H, et al. Characterization of SnO,
ceramic gas sensor for exhaust gas monitoring of SVE process
[J]. Environmental Monitoring and Assessment, 2004, 92 (1-
3). 153-61.

(91 NJUBH, SCWERI, Jott, 55, S aiilys Je 4 vh 4 %t
FAVRAIEHTERTTET]. BRETRL Y, 2011, 32(12) : 3641-
3646.

[10] Tian X Y, Cai Q, Zhang Y M. Rapid classification of hairtail
fish and pork freshness using an electronic nose based on the

PCA method[ J]. Sensors, 2012, 12(1) ; 260-277.



HUANJING KEXUE Vol.34  No.2

Environmental Science (monthly) Feb. 15, 2013

CONTENTS

Characterization of Chemical Compositions in PM,, 5 and Tts Tmpact on Hazy Weather During 16" Asian Games in Guangzhou

409
416
424

TAO Jun, CHAI Fa-he, GAO Jian, et al. (
ZHAO Xiu-juan, PU Wei-wei, MENG Wei, et al. (
WANG Qian, CHEN Chang-hong, WANG Hong-li, et al. (
Study on Number Concentration Distribution of Atmospheric Ultrafine Particles in Hangzhou ««+«+-sseseereesesemmsnmnmnienennnnnnncnenns XIE Xiao-fang, SUN Zai, FU Zhi-min, et al. ( 434
LI Xing-ru, DU Xi-qiang, WANG Ying-feng, et al. ( 441
ZHOU Bian-hong, ZHANG Cheng-zhong, WANG Ge-hui ( 448
SU Bin-bin, LIU Xin-dong, TAO Jun ( 455

(

(

(

(

(

(

(

PM, 5 Pollution and Aerosol Optical Properties in Fog and Haze Days During Autumn and Winter in Beijing Area

Forming Potential of Secondary Organic Aerosols and Sources Apportionment of VOCs in Autumn of Shanghai, China

Pollution Characteristics and Source Identification of Atmospheric Particulate Matters n-Alkanes in Baoding City ~++++++++++

Study on Pollution Characteristics of Carbonaceous Aerosols in Xi'an City During the Spring Festival

Characteristics of PM, and PM, 5 Concentrations in Mountain Background Region of East China
Assessment of TVOC and Odor in the Remediation Site of Contaminated Soil and Groundwater Using Electronic Noge weoveeeesesereneseanennes TIAN Xiu-ying, CAI Qiang, LIU Rui, et al. ( 462
Characteristics of Mercury Exchange Flux Between Soil and Atmosphere Under the Snow Retention and Snow Melting Control - -+ ZHANG Gang, WANG Ning, Al Jian-chao, et al. ( 468
Study on Heavy Metal Contaminations and the Sources of Pb Pollution in Jinghai Bay Using the Stable Isotope Technique «+«++«eeeseeeeee XU Lin-bo, GAO Qin-feng, DONG Shuang-lin, et al. ( 476
OU Jie, WANG Yan-hua, YANG Hao, et al. ( 484
LIU Yu-yan, LIU Hao-feng, ZHANG Lan ( 494
ZHANG Zheng-cai, DONG Zhi-bao ( 499
Regionalization of the Freshwater Eco-regions in the Haihe River Basin of China +vseesesesrererensenminieninninininienns SUN Ran-hao, JI Yu-he, SHANG Lin-yuan, et al. ( 509
Characteristics of Diffuse Attenuation Coefficient of Underwater Iradiance in the Lakes in the Middle and Lower Reaches of Yanglze River —+vreeeeeresrersesssensienieniinininiinincnen
............................................................................................................................. SHI Zhi-giang, ZHANG Yun-lin, WANG Ming-zhu, et al. ( 517 )
HUANG Chang-chun, LI Yun-mei, XU Liang-jiang, et al. ( 525 )
Effect of Dissolved Oxygen on Diversity of Ammonia-Oxidizing Microorganisms in Enrichment Culture from Estuarine Wetland Surface Sediments and Ammonia-oxidizing Rate ~ «++e+veeerereeeeee

Eco-environmental Evolution Inferred from n-Alkanes and 3" Records in the Sediments of Shijiu Lake

Distribution of PGEs Contents and Its Factors in Snowfall and Snow Cover over the Arid Region in Changji City

Effect of Dust Deposition Collection Methods on Collection Efficiency «+«sesrereereseeresneressienenneen

)
)
)
)
)
)
)
)
)
)
)
)
)
)

Study on Influencing Factors and Universality of Chlorophyll-a Retrieval Model in Inland Water Body «++++-+

-+ ZHANG Hua-bing, LIU Hong-yu, LI Yu-feng, et al.
ZHOU Liang, XU Jian-gang, SUN Dong-qi, et al.
CUI Yu-jie, LIU De-fu, SONG Lin-xu, et al.
+ DONG Wen, LI Huai-en, LI Jia-ke

540
547
555
561
570

Spatial Heterogeneity and Classified Control of Agricultural Non-Point Source Pollution in Huaihe River Basin

(1540)
(1547)
Phosphorus Output Characteristics Under Different Rainfall-Runoffs in Gaolan River ( )
Monitoring and Analysis on Evolution Process of Rainfall Runoff Water Quality in Urban Area ( )
Characteristics and Contribution of the Strengthening Units of Composite Constructed Wetland for Treating Urban Sewage «+-eeeseeerevsesesenneneennes REN Feng,LU Yi-xia, LIU Qin, et al. ( )
ZHENG Qi, CHEN Chao, ZHANG Xiao-jian, et al. ( 576 )
LI San-hua, ZHANG Qi-ya ( 583 )

YAO Yuan, LI Feng-min, LI Yuan-yuan, et al. ( 589 )
(15%)

(1604)

(6l1)

(616 )

(622)

(629)

Inactivation of Mycobacteria mucogenicum in Drinking Water; Chlorine Resistance and Mechanism Analysis

Partial Biological Characteristics and Algicidal Activity of an Algicidal Bacterium

Effects of Macrophytes Pyrolysis Bio-oil on Skeletonema costatum Antioxidant Enzyme Activities

Mechanism and Kinetics of Phenol Degradation by Ti0, Photocatalytic Combined Technologies ++= ZHANG Yi, HUANG Ruo-nan, WANG Xiao-min, et al. ( 596
Biodegradation Characteristics of Organic Pollutants Contained in Tannery Wastewater =w««+sssssseeseresensnmmsnmnnienensnssneneee WANG Yong,LI Wei-guang, YANG Li, et al. ( 604
Microbial Degradation Mechanism of Disperse Azo Dye Red 30 by Streptomyces sp. FX645 611
Study on Preparation and Performance of a Biological Carrier with Tourmaline 616

622
629

XIE Lian-wu, FANG Ji-qian, GUO Ya-ping
YANG Ji-xian, ZENG Hong-yun, ZHOU Yi, et al.
Study on the Chlorella pyrenoidosa Cultivation Technology Based on the Excess Sludge Utilization JI Wen-wen, XIA Hui-long, FANG Zhi-guo, et al.
Effects of Mild Thermal Pretreatment on Anaerobic Digestibility of Sludge with Low Organic Content CHEN Han-long, YAN Yuan-yuan, HE Qun-biao, et al.
Effect of Natural and Hydrothermal Synthetic Goethite on the Release of Methane in the Anaerobic Decomposition Process of Organic Matter «««+w+srerrererreressesensnmsscnessinensiennenees

YAO Dun-fan, CHEN Tian-hu, WANG Jin, et al. ( 635 )
Concentrations and Distribution Characteristics of PCDD/Fs in Spent Etching Solution and Its Copper Salt Recycling Products «+«++=+seseeeeseeeenee QING Xian, HAN Jing-lei, WEN Yan-shen ( 642 )
Case Study on Health Risk Assessment Based on Site-Specific Conceptual Model ZHONG Mao-sheng, JIANG Lin, YAO Jue-jun, et al. ( 647 )
Study on the Risk Assessment Method of Regional Groundwater Pollution YANG Yan, YU Yun-jiang, WANG Zong-qing, et al. ( 653 )
Groundwater Organic Pollution Source Identification Technology System Research and Application «:+s«+ssseessesesserersessneneniens WANG Xiao-hong, WEI Jia-hua, CHENG Zhi-neng, et al. ( 662 )
Study on Soil Organic Carhon Pools and Turnover Characteristics Along an Elevation Gradient in Qilian Mountain +++ ZHU Ling-yu, PAN Jian-jun, ZHANG Wei ( 668 )
Response of Black Soil Organic Carbon, Nitrogen and Iis Availability to Long-term Fertilization LUO Kun, HU Rong-gui, ZHANG Wen-ju, et al. ( 676 )
Phytoavailability and Chemical Speciation of Cadmium in Different Cd-Contaminated Soils with Crop Root Return = +«+«ssesseseereenesseseneens ZHANG Jing, YU Ling-ling, XIN Shu-zhen, et al. ( 685 )
Study on Mechanism of SOM Stabilization of Paddy Soils Under Long-term Fertilizations ««+-++eseeseereeresesesnsnensimminennniniinisininenns LUO Lu,ZHOU Ping, TONG Cheng-li, et al. ( 692 )
Aging Process of Cr(Ill) in 22 Typical Soils of China and Influence Factors Analysis ZHENG Shun-an, ZHENG Xiang-qun, LI Xiao-chen, et al. ( 698 )
Residual Characteristics of HCHs in Soils of a Former Lindane Production Enterprise «:«+:esetoeeessveesessienicnennnnes -+ PAN Feng, WANG Li-li, ZHAO Hao, et al. ( 705 )
Evaluation and Source Analysis of the Mercury Pollution in Soils and Vegetables Around a Large-scale Zinc Smelting Plant ««+:++-++seseereeseee LIU Fang, WANG Shu-xiao, WU Qing-ru, et al. ( 712 )
Residue of Organic Fluorine Pollutants in Hair and Nails Collected from Tianjin YAOQ Dan, ZHANG Hong, CHAI Zhi-fang, et al. ( 718 )
Analysis of Estrogens, Nonylphenol , 4-tert-Octylphenol and Bisphenol A in the Sediments WU Wei, SHI Jiang-hong, CHEN Qing-cai, et al. ( 724 )
Investigation of As, Cu and Zn Species and Concentrations in Animal Feeds YAO Li-xian, HUANG Lian-xi, JIANG Zong-yong, et al. ( 732 )
Residue Dynamics of Flubendiamide in Paddy Field - *+ WANG Dian-dian, SONG Ning-hui, WU Wen-zhu, et al. ( 740 )
Isolation of Two Endophytic Phenanthrene-Degrading Strains and Their Degradation Capacity NI Xue, LIU Juan, GAO Yan-zheng, et al. ( 746 )
Biodegradation of Nitrobenzene by a Halophilic Myroides odoratimimus Strain Y6 LI Tian, QIAN Kun, XIAOQ Wei, et al. ( 753 )
Effect of Immobilization on Biosensor for Benzene Derivates Detection TANG Kuo,MA An-zhou, YU Qing, et al. ( 760 )

LIU Tao, LI Dong, ZENG Hui-ping, et al. ( 773 )
Biodegradation of Lignocellulose by Penicillium simplicissimum and Characters of Lignocellulolytic Enzymes SHEN Ying, HU Tian-jue,ZENG Guang-ming, et al. ( 781 )
Microbial Community Structure and Distribution Characteristics in Oil Contaminated Soil YANG Meng-qing, LI Li-ming, LI Chuan, et al. ( 789 )
Degradation of Oxytetracycline in Chicken Feces Aerobic-Composting and Its Effects on Their Related Parameters WANG Gui-zhen, LI Zhao-jun, ZHANG Shu-qing, et al. ( 795 )
Research of Moisture Content Variation in MSW Landfill ++««+esseeerserrsrnssimnmmnmnmininiiin LI Rui, LIU Jian-guo, XUE Yu-wei, et al. ( 804 )
Anaerobic Digestion of Lignocellulosic Biomass with Animal Digestion Mechanisms — +x«+sessesserseseserensensnenmsmensniesss WU Hao, ZHANG Pan-yue, GUO Jian-bin, et al. ( 810 )



o
B X%

(REERILE) B

R PH H i
2 s I I

#OE. (FREREEART)

L
6 EREERE I
-

K \ 1y 57
TENL FARE FIE E44 B N B O REE
3o B | BT o o 2,
AOKE XEEE s BRET & S MREH
= = > 3 ==
QRS BT 5 =v SR S N (PSS = 3 SO
O M s W W W W BERK
-
% % ﬁ 5 ENVIRONMENTAL SCIENCE
(HUANJING KEXUE) (Monthly Started in 1976)
(AT 1976 48 AAIT)
201342 H15H 34% 2 Vol.34 No.2 Feb. 15, 2013
F & hEPER Superintended by Chinese Academy of Sciences
* B P EP A SR P Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i3 B (UBIEENFE) Academy of Sciences
LB T R4 ,f% PR 22 W5 e Co-Sponsored by Beijing Municipal Research Institute of Environmental
AR N7 N T Protection
+ % ORI H o School of Environment, Tsinghua University
i B (AP ) 5B E D= Egi:();-in o by g:Y};\;tG 'Zil-y];and f Envi tal Sci (HUANJING
Ll 2871 L5 (e LS B ite y e Editorial Board of Environmental Science >
18 5, MR B 4t fi% 100085 ) KEXUE) )
H1i% :010-62941102,010-62849343 P- 0. Box 2871, Beijing 100085, China
1§‘E:010—62849343 ’ Tel:010-62941102,010-62849343 ; Fax:010-62849343
E-r/rl;;l :hjkx@ rcees. ac. cn E-mail ; hjlx@ reees. ac. cn
hitp ://www. hjkx. ac. cn http : //www. hjkx. ac. ¢n
H KR 4 ) " " i Published by Science Press
e e L HImAR AL 16 2 16 Donghuangchenggen North Street,
EEBB[E%]OO7]7 Beijing 100717, China
ED R 23T dtatdbakERf Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
L1 :010-64017032 Tel:010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
i Jnjn] b élﬂ%ﬂﬂﬂ}[ﬁ@}% Domestic All Local Post Offices in China
EshREIT P EE RS AT Foreign China International Book Trading Corporation ( Guoji
(=T 399 f5%8) Shudian) ,P. O. Box 399, Beijing 100044 , China
—aro=  ISSN 0250-3301 Ny
7N | e — . ).
RERETS: (1805, x EREREZ KRS 2-821
E W E f:90.00c ESEITRS: M 205

B A FERIT




	01.pdf
	fm.pdf
	zml.pdf

	20130208.pdf
	03.pdf
	yml.pdf
	fd.pdf




