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Case Study on Groundwater Health Risk Assessment and Remediation Strategy

Based on Exposure Pathway

JIANG Lin"?, ZHONG Mao-sheng'?, JIA Xiao-yang'*, XIA Tian-xiang'”>, YAO Jue-jun'?, FAN Yan-ling'’,
ZHANG Li-na'?, TANG Zhen-qiang’

(1. Beijing Municipal Research Institute of Environmental Protection, Beijing 100037, Chinaj; 2. National Engineering Research Centre
for Urban Environmental Pollution Control, Beijing 100037, China; 3. Beijing Municipal Solid Waste and Chemical Management
Center, Beijing 100089, China)

Abstract: The carcinogenic risk originated from benzene in contaminated groundwater of a large-scale coke plant in Beijing was
analyzed and assessed for different land use zones according to the site redevelopment plan. The results revealed that indoor vapor
inhalation was the key exposure pathway for all the three zones. The carcinogenic risk in zone A as commercial area was 6.37 x107%,
below the maximum allowable level (1.0 x107%), but was 2.20 x 10 ™* in zone B as industrial park and 7.49 x 10~ in zone C as
residential/commercial area, both beyond the acceptable level. Further, the remediation target for benzene was calculated at 118
pg+L™" and the corresponding remediation area was contoured to be 165000 m’. Given the high permeability of the aquifer and the
excellent volatility of benzene, air-sparging with a combination of engineering control measure was recommended to mitigate the risk of

the groundwater contamination.
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CX 0.41 0.19 11 11 0.34 0.38 1000 2 1.4 x10°*
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Table 4 Risk calculation results
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Fig. 3 Locations of the monitoring wells exceeding the remediation target
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Fig. 4 Groundwater contamination area



3334 EZ

B 3B

118 pg-L7", 250 = M JE B bR BT AR 3 09 W DU 5
NMW32 , NMW26 #4350/ 0.7, 11.9 pg-L7",
NMW27 ,NMW28 . NMW29 ik BEI% T 5 6 HBR.

PR, AT 285 RIS PR SRR A BT 25 S, o 2 0
Hi B AR S R K A5 e el AR A 4 R
SR T B S 3 LR TR 208 16,5 J7 m®.

PR 4 T R 35 Y B0 3 PR B A A e A ]
T K TR TE IR EE R H NMWI4 K
NMW 12 77 B A 8 42 (] 132 7K Gt B A e ) itk 5. -
B 15 YIS 7 b T 093 a8 46 ) R KT Ui
D7 8, HVR A o 7K G ) 4 IO B R A 1)
PR B FEAS AR [ R K E i X
4.2 [BEIKE

BT, T KA e AR ALl -4 2 ( Pump-
Treat) 55 ST A8 5 H AR DL S 25 S ST (air-sparking) |
A=) < ( bio-sparging ) 5 JE i 8 B H A, Hdh
AR B AR B A B A | AR EG | X
YL M 7K b 2Rk BE 5 s A i s, LA
PRBHTREAR > MR, i 02 ST 45 R 18
BHEARFHABE AL, X TR s /NI
AR RIS X S R K K2
BB, B H] 1.6 x 10 2 mes ™', & T
AR¥FTEIEB BN RAMCER 1.0 x107° ~1.0 x
10~ mes ™" 2770 EL SR S PR R H A
HHCN 230 x1. 01 x 10° Pa, it & T 2850 SHE A
X5 Y ) = ) W B AR (E 100 x 1. 01 x 10° Pa A%
;k[zs ~27] .

PRI, 2565 2% AT 9 DX 8l M K75 ekl i H
HIHL N AR B HAR 1) & R e /2 a5 e SHE N
2GR KL B R, B R B R B
KT S AR S >

[, T2 3 b R 7K 35 8 g 5 & R
% N5 BERF IR FE A AR F 16 AR R AR
DL, A ke R 37 1l T bR 10 2 7K SC b B 2 002 ) AR
SER RGBS AUR AT 2 M PR AT BE S 2k
B RS SR 15 T 4 32 UG 7K P 3K — ) A, DA
DA () =223 Hh A, S BUCR TR B il it , DDA
M P B aa AR LS L A A B 7= A R 5 )
A IRURS:. A, AT 7 12 37 b oA Fe S S50 40 DG S0 T i 4l
W R R LA B R K A ORI ZE SR
FEBSA ISR 2 T S 2 4 A TR S s
[l LRl SE

5 #ig

(1) XHERCRR I T AR AL ) T K I 5% 2

IRFRAR A HEAT PP, 45 R B i g ok ok I &
S B A DXCH T K RS Yl 11 i B XU IS T
H i AT 42232 B0 KUS K 1.1 x 107, {H381 5 5 #0
Rk Tolast ik A Fel B 255 TF &2 IX W B, C X R 5 4L
Hi T K B f XU BN AT 2 27, HL2E N IR 2 58 R
KRR RS A3 R 2.20 x 107, 7.49 x 10 °..
(2) W2 Z KB KSR, T X R KR MR B 7
BEZE 118 neg- L' LI, TR HE AL 16.5 71

2
m .

(3) LG 5 I FE 3 L R 7K SO T 28 R Y
PrBRAL E R R T K s SR SHE RS A
Yy AT gty N KRB B Se R, TR, A A%
IR 18 = 3R R, S 3 3 R R T 2 i 2R B —
JE B A A5 it 368 o A A0k U0 D4 ) 2 e ik A2 LA
IR B A R R PR S i 4 e s ) A e B K SCHiL RS R
23 (AR SRR R BUE AR A E , ik 1T 5 205k B
JRUBSE R IR 1o T T 4252 XS £ ) A

L pdo 8
[ 1] PRERGPES, L UEs. 2 RS BRI R].
2008.

(2] BREFRE. b E K SCHUST T AR ST 1 & e 5 it —— M 5
BT TAE 60 4F i1 |l i 5 B [ M. db e, MU A,
2003.

[3] MERE WTFKERGMERMERNSBEET]. SRR
4 GUERBLET) |, 2007, 37(2) : 303-310.

[ 4] USEPA. Risk assessment guidance for superfund; human health
evaluation manual[ C]. EPA/540/1-89/002, 1989.

[ 5] USEPA. Guidelines for exposure assessment[ C]. EPA/600/Z-
92/001, 1992.

[ 6] USEPA. Dermal exposure assessment; principles and application
[C]. EPA/600/8-91/011B, 1992.

[ 7] USEPA. Guidelines for carcinogen risk assessment[ C]. EPA/
630/P-03/001F, 2005.

[ 8] Peter G, Dietrich H, Alberto B, et al. Guideline for groundwater
risk assessment at contaminated sites [ EB/OL]. http://www.
uni-tuebingen. de/gracos, 2003.

(9] ZReker, sk, 507, S JEGN AT KA LTS G (d h
RS PEM[ )], HeEREAR, 2010, 31(2) ; 258-262.

[10]  ®hyK, fIVTH, BRIGIL, . R KA HLTS g A M fa B XU
TERHITRL )], H2ARTHE, 2006, 13(1) : 224-229.

(117 sRImXL, A, Fprm, S A0S e i T ks ge g
FEM AT A8 [ 1], % kol B2, 2010, 38 (36) : 20887-
20890.

[12] Z=de, PNIEE, XUB, 5. HET RAIS Hi R /K J5Hh (g b XU 3
MI]. AR, 2011, 33(5) ; 48-50.

[13] Chai L H, Wang Z X, Wang Y N, et al. Ingestion risks of
metals in groundwater based on TIN model and dose-response

assessment-a case study in the Xiangjiang watershed, central-



10 34

FEMRAE . SET LT KB B IR AR A A FE KU PR M AE = R BT 5

3335

[14]

[15]

[16]

[17]

[18]

[19]

south China[ J]. Science of The Total Environmental , 2010, 408
(16): 3118-24.

DBI1/T 656-2009, MR SETM-SWI[S]. JLniiiBratHiAR
WA,

USEPA. Volatile organic compounds by gas chromatography/
mass spectrometry (GC/MS) [ S]. EPA method 8260C, 2006.
ASTM. Standard guide for risk-based corrective action [ S ].
E2081-00, 2004.

USEPA. Calculation of upper confidence limits for exposure point
concentrations at hazardous waste sites[ S]. OSWER 9285. 6-10,
2002.

ASTM E1739-95. Standard guide for risk-based corrective action
applied at petroleum release sites[ S]. 2002.

USEPA. Integrated risk information system ( IRIS) [ EB/OL].
http://www. epa. gov/iris/, 2007.

rpie AR L0 SRR ORGP ES. T5 Y i XU DA B R 0
(fEsRZWAT) [S]. 2011,

Friebel E, Nadebaum P. Health screening levels for petroleum

[22]

[23]

[24]

hydrocarbons in  soil and groundwater partl: technical
development document[ S]. 2011.

DEFRA. Assessing risk from contaminated land-a proportionate
approach[ S]. 2006.

SKSCHE, HAELL, N, S MR OKTE B R SRR
WLI]. ARBBERY, 2006, 22(5) : 1-4.

USEPA. Pump and treatment-groundwater remediation-a guide for
decision makers and practitioners [ S ]. EPA/625/R-95/005,
1996.

Battelle. Air sparging guidance document[ R]. Washington DC .
Naval Facility Engineering Command, 2001. 8-10.

USEPA. How to evaluate alternative cleanup technologies for
underground storage tank sites: a guide for corrective action plan
reviewers, chapter VI, air sparging[ S]. EPA 510-R-04-002,
2004.

Yvonne J P B. Engineering and design in-suit air sparging[ M].
Washington DC: United States Army Crops of Engineers,
2008. 39-45.



HUANJING KEXUE Vol.33  No. 10

Environmental Science ( monthly) Oct. 15, 2012

CONTENTS

Nutrient Dynamics over the Past 100 Years and Its Restoration Baseline in Dianshan Lake LI Xiao-ping, CHEN Xiao-hua, DONG Xu-hui, et al. (3301
Possibility of Total Dissolved Solid as one of Nutrient Baselines in Inner Mongolia-Xinjiang Plateau «w+-veeseeeeeseseeresiensnminiisinninenen XI Bei-dou, ZHANG Ya-li, XU Qiu-jin 3308
Fluorescence Discrimination Technique for Phytoplankton Based on the Wavelet Analysis +oveveeveesresnessene ZHANG Cui, SU Rong-guo, SONG Zhi-jie, et al.

3323

(3301)
(3308)
(3314)
Analysis of Algae Bloom and Lake Surface Bright Temperature in Chaohu Lake Based on Remote Sensing Data «+««+sereeseressensesesseneneneninnennns ZHANG Hong, HUANG Yong, LI Kun ( )
JIANG Lin, ZHONG Mao-sheng, JIA Xiao-yang, et al. (3329)
DU Xiu-ping, MENG Fan-ping, WANG Zhi-feng, et al. (3336)
(334)
(3352)
(3361)
(3368)
(3376)

Case Study on Groundwater Health Risk Assessment and Remediation Strategy Based on Exposure Pathway «-«+«+-«+eseee
Pollution Assessment in the Intertidal Zone of Beibu Gulf Using Multi-hiomarker Pollution Index *
Estimation of the Flux of Inorganic Nitrogen Flowing into the East China Sea

WU Jia-lin, FANG Qian, SHI Xiao-yong, et al. ( 3344
YU Juan, ZHANG Yu, YANG Gui-peng, et al. (3352
+ MENG Jia, YAO Qing-zhen, CHEN Hong-tao, et al. (3361
* YU Ju-hua,ZHONG Ji-cheng,ZHANG Yin-long, et al. ( 3368
YANG Ping-heng, LIU Zi-qi, HE Qiu-fang ( 3376
Comparison of Trophic Status Analysis of the Daning River Within the Three Gorges Reservoir Before and After Experimental Impoundment = ++++«+xsseseessesssssesmmenensnineninsnnincnenen

Effects of Ocean Acidification on Growth, Phosphate and Nitrate Uptake of Macroalgae

Forms and Distributions of Particulate Phosphorus in the Surface Sediments of North Yellow Sea -+
Influence of Dredging on Sediment Resuspension and Phosphorus Transfer in Lake; A Simulation Study

Transportation and Sources of the Suspended Particle in a Karst Spring During a Storm Event

5

............................................................................................................................................................ ZHANG Jia-lei, ZHENG Bing-hui, LIU Lu-san, et al. ( 3382)
Nitrogen and Phosphorus Loss in Different Land Use Types and Its Response to Environmental Factors in the Three Gorges Reservoir Area =«+essesseseesesesserensnemenenninisineneininenne
""""""""""""""""""""""""""""""""""""""""""""""""""""""" -+ ZENG Li-xiong, HUANG Zhi-lin, XIAO Wen-fa, et al. (3390)
Research on Stormwater Runoff Quality of Mountain City by Source Area Monitoring LI Li-ging, SHAN Bao-qing, ZHAO Jian-wei, et al. (3397 )
Occurrence Form and Ecological Effect of Selenium in Soil and Surface Water of Kailuan Coalfield of Tangshan -:+«+sesssseeereereens ZHANG Xiu-zhi, MA Zhong-she, WANG Yin-nan, et al. ( 3404)
Distribution of Arsenic in Surface Water in Tibet —«rerereerererseeninemmimnmmnn +++ WANG Ming-guo, LI She-hong, WANG Hui, et al. (3411)
Spatial and Temporal Distribution of Trace Elements in Surface Water in the Xilin River Basin ++ XUE Li-yang, WU Jin-kui,ZHANG Ming-quan et al. (3417)
Concentration Characteristics and Ecological Risk of Persistent Organic Pollutants in the Surface Sediments of Tianjin Coastal Area ++++++- LU Xiao-xia, ZHANG Shu, CHEN Chao-qi, et al. (3426 )
Distribution, Sources and Ecological Risk Assessment of Polychlorinated Biphenyl in Sediments from Songhua River Basin -«++++++++- NIE Hai-feng, ZHAO Chuan-dong, LIU Ying-han, et al. (3434 )
Distributions of Matrix-Bound Phosphine in Surface Sediments of the Yangtze Estuary LI Tao, HOU Li-jun, LIU Min, et al. (3443)
Geochemical Characteristics of Nitrogen in Core Sediments from Sishili Bay, China <<+ YANG Yu-wei, GAO Xue-lu, LI Pei-miao ( 3449 )
Composition of n-Alkanes in Soils of the Yellow River Estuary Wetlands and Their Potential as Organic Matter Source Indicators —«+++++++ YAO Peng, YIN Hong-zhen, YAO Qing-zhen, et al. (3457)
Study on the Degradation and Transformation of Nonylphenol in Water Containing Algae —+»«+eseesrereessesnessinenisinennnns PENG Zhang-e, FENG Jin-mei, HE Shu-ying, et al. (3466 )
Degradation of Orange IV Dye Solution Catalyzed by Fe(NO5) ;-(NH,) ,5,04 Modified GAC in the Presence of H,0, +=+ ZHANG Ying-jie, XU Shu-fen, LIAO Xia, et al. (3473)
Synthesis, Characterization and Electrocatalytic Performance of Pd/CMK-3 for Formic Acid Oxidation ~«++++»++-+ + HUAN Zhong-ke, ZONG En-min, WEI Dan, et al. (3479)
Research of Controlling Condition for Aeration Stabilization Pond Dealing with Sanitary Waste of Countryside »+ LI Huai-zheng, YAO Shu-jun, XU Zu-xin, et al. (3484 )

Pilot-Scale Study on Treatment of Municipal Sewage by Moving-Bed Biofilm Reactor with the Hydrophobically Modified Polyurethane Cubes as Biofilm Carriers —«+««seeeesesserseressesencnenens
............................................................................................................................................................ WANG Yu-xiao, KONG Xiu-gin, FENG Quan, et al. ( 3489)
Variation Characteristics of Relative Molecular Mass of Different Fractions of Dissolved Organic Matter from Landfill Leachate During Photocatalytic Degradation «+«+seesessereseeesesnesninnenee
............................................................................................................................................................ JIA Chen-zhong, WANG Yan-xin, ZHANG Cai-iang ( 3495 )
Mechanism of Nitrogen Removal by Partial Nitrification-Denitrification Biological Filter SUN Ying-xue, XU Dong, TIAN Yuan, et al. (3501 )
Performance Stability of CANON Reactor and Temperature Impact + FU Kun-ming, ZHANG Jie, CAO Xiang-sheng, et al. ( 3507)
Denitrifying Phosphorus Removal in a Modified University of Cape Town (MUCT) Process Treating Domestic Wastewater Under Nitrification and Nitritation

......................................................................................................................................................... ZENG Wei, WANG Xiang-dong, ZHANG Li-dong, et al. (3513)
Study on the Stratification Components of Extracellular Polymeric Substances (EPS) in Activated Sludge and Their Variation Characteristics in Physicochemical Properties =«++seseeeeeeseereenees
YUAN Dong-qin, WANG Yi-li (3522)
Influence of Organic Loading Rate on the Start-up of a Sequencing Airlift Aerobic Granular Reactor LIU Meng-yuan, ZHOU Dan-dan, GAO Lin-lin, et al. (3529)
Degradation Kinetics of Naphthalene by Anaerobic Sludge and Analysis of the Bacterial Biodiversity CAO Xin-kai, YANG Qi, HAO Chun-ho ( 3535)
Sorption of 17B-estradiol to Soils and Sediment and Influence of Pig Manure DOM =+ - ZHANG Feng-song, LI Yan-xia, HUANG Ze-chun,et al. (3542 )
Sorption Isotherms and Sorption Thermodynamics of Faecal Sterols on Offshore Sediment «+:esseoreeeseeeesennernsssensiene -+ ZHANG Xiao-lei, XUE Wen-ping, XU Heng-zhen et al. ( 3547)
Research on the Characteristic of Toluene Migration and Distribution in Fluvo-Aquic Soil and Its Simulation Using STOMP Model =~ ++++++++-- HAN Chun-mei, RAN Juan, ZHANG Hui, et al. (3554)

Predicting the Cadmium Bioavailability in the Soil of Sugarcane Field Based on the Diffusive Gradients in Thin Films with Binding Phase of Sodium Polyacrylate
WANG Fang-li, SONG Ning-ning, ZHAO Yu-jie, et al. (3562)
TANG Min, ZHANG Jin-zhong, ZHANG Dan, et al. (3569 )

In Situ Immobilization of Ph and Cd in Orchard Soil Using Soil Ameliorants

Health Assessment of Heavy Metals in Roadside Soils at Different Operation Time; A Case Study of Zhengzhou-Shanggiu Section Along the Lianyungang-Horgas Highway «+oerrereeresesneeees
........................................................................................................................................................................... GU Lei, TONG Zhi-gi, SONG Bo, et al. (3577)
Amelioration Effects of Wastewater Sludge Biochars on Red Soil Acidity and Their Environmental Risk LU Zai-liang, LI Jiu-yu, JIANG Jun, et al. (3585)
Effect of Polyeyclic Aromatic Hydrocarbons on the Vertical Distribution of Denitrifying Genes in River Sediments + WU Yan-yang, WU Qun-he, HUANG Shan, et al. (3592)
Role of Layered Double Hydroxide (LDH) in the Protection of Herring Testis DNA from Heavy Metals =<+ B RN -+ TANG Yi-ni, WU Ping-xiao, ZHU Neng-wu ( 3598 )
Mineralogical Characteristics of Biogenic Schwertmannite Amended with Different Pretreatment Methods and the Effects on As( 1) Absorption «++eesessssssssssssmsmimnnminniiiissinnns
.................................................................................................................................................................. LIANG Jian-tu, LI Zhe-ying, LIU Fen-wu, et al. (3606)
Mechanism of Heavy-Metal Tolerance in Pseudomonas aeruginosa ZGKD2 ZHANG Yu-xiu, WANG Jiao, CHAI Tuan-yao, et al. (3613 )
Isolation, Degradation Characteristics of a 1,2-Dichloroethane-Degrading Strain WANG Xiao-chun, CHEN Dong-zhi, JIN Xiao-jun, et al. (3620)
Isolation and Degradation Characteristics of PCB-degrading Strain SHI Shun-yan, FENG Liu, GONG Ji (3627)
Preliminary Study on the Changes of Bacterial Community Structure in Qingcaosha Reservoir During Water Storage Period — «++«+sereereeressensereeneeees PENG Qing, XIE Bing, YUAN Qi, et al. (3634)
N,0 Exchange Fluxes from Wheat-Maize Crop Rotation System in the North China Plain -+ + PEI Shu-wei, ZHANG Yuan-yuan, LIU Jun-feng, et ol. (3641 )
Analysis of the Impact of Two Typical Air Pollution Events on the Air Quality of Nanjing «+:+e-reereeresrerserrsnsennisinsesnees WANG Fei, ZHU Bin, KANG Han-qing, et al. (3647)
Pollution Characteristics of VOCs in Ambient Air of Ji'nan City in Summer - LIU Ze-chang, ZHANG Fan, HOU Lu-jian, et al. (3656 )
Effects and Mechanism of Catalytic Decomposition of Ozone by Activated Carbon ++++--: - LIU Hai-long, ZHANG Zhi-ye, ZHANG Zhong-ming,et al. ( 3662 )
Effect of Elevated 05 on the Arbuscular Mycorrhizal (AM) Structure and Glomalin Production in Two Genotypes of Snap Bean -+ WANG Peng-teng, DIAO Xiao-jun, WANG Shu-guang ( 3667 )
Effect of Exogenous Calcium on the Activities of Antioxidative Protective Enzymes in Ectomycorrhizal Fungi Under Aluminum Stregg «+seovevsesssessssssienisssmenininn e
......................................................................................................................................................... WANG Ming-xia, HUANG Jian-guo, YUAN Ling, et al. ( 3675)

Mercury Pollution in Cricket in Different Biotopes Suffering from Pollution by Zinc Smelting «+:«+«+sessesrssessessssesnnesssnsininensinnnseees ZHENG Dong-mei, LI Xin-xin, LUO Qing ( 3680 )



£
B E%H .

CGrMER=ZIE 6

WRFH F i

28 = S I S

% F. (FEREEARY)

EHREERS

¥ : iy 37
HENT FARR FULE T4 W W W # g
= Nz S Ttz ==
AOKE XEE BEE BRET & S RE
) St A .':Ij b} ==
P AIE B 2 AR KRB ORI BokE W &
e ¥ W3 =
WO WO O 4R b B
-
"o B3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly  Started in 1976)
(AF 1976 4F 8 AGIH)
20124510 A 15 H 33% 45101 Vol.33 No.10 Oct. 15, 2012
+ Z T EPER Superintended by Chinese Academy of Sciences
* B P EREEE S THEM I T Sponsored by Research Center for Eco-Environmental Sciences, Chinese
27 7 ( [)J\;’;&j]ufla):jjf?) Academy of Sciences
b BT R AR R 22 T 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
R N7 R Protection
* % KK B School of Environment, Tsinghua University
% B (R ) G E RS Editor-in -Chief OUYANG Zi-yuan
BT 2871 (5 (T 0L \leﬁ' Edited by The Editorial Board of Environmental Science ( HUANJING
I H
18 5, MR ZwAS : 100085 ) KEXUE) )
H1E 01062941102 01062849343 P. 0. Box 2871, Beijing 100085 , China
1*}:&:010—62849343’ Tel:010-62941102,010-62849343 ; Fax:010-62849343
E—mai.l;hjkx@ reees. ac. en E-mail ;: hjkx@ rcees. ac. cn
http : //www. hjkx. ac. ¢n http://vwww. hjkx. ac. en
H BR 4 8 2 " it Published by Science Press
b A AR AL 16 2 16 Donghuangchenggen North Street,
WA . 100717 Beijing 100717, China
BN R 2 4T dvatdvakeEnky)— Printed by Beijing Bei Lin Printing House
% 1T 44 4 & K ik Distributed by Science Press
117 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT m Ab %@%ﬂﬁﬂm%% Domestic All Local Post Offices in China
.9[‘,._,\&?'_]' ':F‘ [Tfl Iﬂﬁ%@:ﬁﬁgjlé\/é§ Foreign China International Book Trading Corporation (Guoji
(63T 399 {5%6) Shudian) , P. 0. Box 399, Beijing 100044 , China
= ISSN 0250-3301 Ny
R —_— : 2-821
HERETS 11.1895/X ERNEEKS: 2-8
W E i 70.00 50 ESEZITRS: M 205

EWSHhArFET




	01.pdf
	fm.pdf
	zm.pdf

	20121005.pdf
	02.pdf
	ym.pdf
	fd.pdf




