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Phenols Pollutants in Soil and Shallow Groundwater of a Retired Refinery Site
PEI Fang'**, LUO Ze-jiao', PENG Jin-jin’ , QI Shi-hua'

(1. State Key Laboratory of Biogeology and Environmental Geology, School of Environment, China University of Geosciences, Wuhan
430074, China; 2. Tanggu Environmental Protection Industry Service Center, Binhai New Area, Tianjin 300451, China; 3. Wuhan
Environmental Protection Sciences Research Institute, Wuhan 430015, China; 4. Tianjin Tian Ren He Environmental Science and
Technology Development Center, Tianjin 300451, China)

Abstract: To study the distribution of phenol compounds in a retired refinery site, 21 soil sampling sites and 8 shallow groundwater
wells were investigated. The results showed, shallow unconfined groundwater of the site was in a serious pollution situation and the
phenols concentration was much higher than quality standard for ground water. Confined water sample was slightly contaminated by
phenols and the total quality was good. Approximately half of the area was heavily polluted by phenol compounds. According to the
retired refinery layout, the phenols pollution distribution in shallow groundwater and soil exhibited the regional similarity. The highly
contaminated area was production workshop, oil tank and plant storage. Horizontal diffusion of pollutants was not serious. Vertical
diffusion of pollutants was different, and a site with pollutant diffusion was deeper than ten meters. The 2-chlorophenol, 2-nitrophenol ,
2 ,4-xylenol, 2 ,4-dichlorophenol and 2,4 ,6-trichlorophenol, 2,4-dinitrophenol and 2-methyl-4,6-dinitrophenol in typical soils were
analyzed by GC/MS. It showed that concentrations of seven phenol compounds were 0. 01-232. 96 mg-kg ™", and the concentrations of
2 ,4-dinitrophenol and 2-methyl-4 ,6-dinitrophenol were high.

Key words : retired site; soil; groundwater; phenol compounds
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Fig. 1  Groundwater and soil samples distribution in field
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sk 5 — BRI LK

AR GW1 GwW2 GW3 GW4 GW5 GW6 GW7 GW8
WELFIR ¥ ¥ el f f f i f
A AR ] L ¥ ¥ el el el el f B
pH 7 7.1 7.93 9.92 7.51 7.43 8.04 8.36
cd / / 0.136 0.008 0.163 0.31 0.076 <0.001
Mn 1.06 0.72 5.1 0.61 1.75 2.1 0.76 0.02
Ni <0.001 0.005 0.049 0.054 0.18 0.114 0.059 0.002
TiRER 33.2 13.5 806.9 878.4 799.6 1464.7 887.5 389.1
A1 73.4 42.8 70.2 251.8 74.9 57.1 39.3 48.7
pEPaRiii] 0.5 FA 56.3 236.6 60.3 44 18.6 5.8
TR R AR TR AL 4.2 1.9 439.5 18513.6 513.4 373.6 268.8 125.7
¥R W (LA ENT) <0.002 0.004 11.02 3651.29 8.96 0.21 5.05 0.09
WAEERER (LA N 3]) 0.01 0.01 0.01 0.16 0.08 0.01 0.02 1.27
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Table 2 Contention of total phenol in soil samples

HURES BUREIRE HESEERBOE BORWRE M IIRE
i /m /mg-kg ! /m
S1 2.3~4.3 0.1~0.4 2.3
S2 1.4 ~5.5 0.2 —
S3 2.4~9.3 0.2~2.9 2.4
S4 1~5.6 0.4~6.4 2
S5 1.0~5.4 3.3~2478.4 4
S6 1.0~5.3 54.5 ~256.4 5.3
S7 1.4~6.6 0.5~7.5 4.5
S8 1.7~10.0 97.4 ~2825.7 8
S9 3.3~7.5 0.2~2.4 7.5
S10 1.2~8.3 0.9~32.1 2.6
S11 1.3~8.5 1.0~44.8 2.5
S12 0.9~5.3 0.4 ~4.4 5.3
S13 1.0~10.3 0.6~4.3 1
S14 2~3 660.2 ~1133.0 3
S15 0.8~5.6 0.3 ~18.8 5.6
S16 0.6~4.2 0.9~4.4 2.3
S17 2.5 11.8 2.5
S18 1.5~8.6 0.2~5.8 8.6
S19 2.5 0.1 —
S20 0.9~5.3 2.6 ~30.7 3.5
S21 0.6~4.2 0.5~6.6 4.2

200 |-
160
8
120
g \
i @
80 - \
Sl&
40 =
0 1 L 1 | L |
0 40 80 120 160 200 240

Alm

B2 FpitiEhRELEmSEFELE

Fig. 2 Contour lines of total phenol in soil samples
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Table 3 Physicochemical property of soil samples
e *E'ri/% =y 3 3 B
+ R T e S PR FE S BT pH LT/ % EIKE %
#)2 27.25 72.70 0.05 0 et 8.40 1.52 23
Rz 26.96 73.02 0.02 0 B 9.07 5.11 19
x4 ABENSTHERBRELEGYEED i/ mg-kg ™'
Table 4  Concentration distribution of phenol compounds in typical soil samples/mg-kg !
sy FRRE e oguRm 2REERM 24CWE 24-TH 24650 24 5T
S5 2.2 ~4 0.5~1769 0.47~0.91 0.02~0.05 0.01~0.04 0.05~0.13 0.04~0.08 1.60~3.38 3.92 ~6.57
S6 5.3 92 0.39 0.02 0.01 0.06 0.06 2.37 10.19
S8 2.0 ~10.0 55~1854 0.78~2.21 0.03~0.10 0.01~0.07 0.07~0.20 0.03~0.14 0.40~232.96 0.07 ~15.29
(2) P+ B K T TR MR R A (9] WICBL, AU, e W TASAAA DK 5 R
e s 21 4 | AP T]. A 52E4, 2008, 28(11) ; 5454-5460.
HiNKE ] . : 4 N , y )
LR ATIRE2 825. 7 mg-ke ™, EEAMARCOT 1101 g g, s, 5. A MUK IR R
PSR e R O ey A G WA s R Y R B IS Y TR B A AE AT (1], Al SR BERL 2
2520 m A F R R 50% i B T 2 X 535 550, B .- Z-Oigé 27;3);*;50:]214. T
N - e . 2 e 4 YR 1] FEHILL, RTHE, ST, 5. KESEX L pI7 K
AT BEE A K (R BT R TR EARIR, AP, AL R E [ 1], BREEfLE, 2002, 21(4): 392-
FAERRIRE 10 m 40 E W S5 Y. 396.
2 e S S K it % B, & KRG HEXE P A7S ¥
3 </ ¥ J \ [12]  Bi#e, T27%, B, & REGEXRHHMEL
( )Hﬁfk\ﬁ_ﬁ ﬁi&iﬁj\‘ﬁ%ﬂi%ﬁk%ﬁ%’, B A (0], SR EREE S A= 4, 2003, 16 (6) : 272-
IKAA 5 A BB 5 e 3 A FRAETE X B A 274.
(4) - HEh B WK R RS Fi e (03] AR, e, HUTE, . SO A LS
et g g — e SR BUATFE [ J]. KL S BBE IR 5 R 05, 2006, 15(3):
2 2RI 2,4- B, 2,4-2 AP RTELI AR R AR )
By . 2,4,6- =40, 2,4- A8 3EE L K 4, 6-hig 2k- (147 B5AKHT. V52 S ARBIFTIOR SR (1], LR,
2T, 301 2, 4 RAER A 4, 6-— R 35-2-17 2009, 21(2:3) . 558-55
A e - (1] SR, A, W JURRIX 5 AR b DL 2R
P 2 ik HL . BUR SHRIEIBT (1], el TRBRE A, 2010, 29.(12)
SE 0k 2346-2350.
1] R RV ROC TR ], SRR, 1074, (161 U, Thiz. MRS S b e 2 8 S B
8(3): 22-26. [J]. 595034, 2010, 32(11) « 12-17.
[2] D& KA E b B AR — 5 K F M. 4k [17]  HEZRABGI )N, KRR AT E M. (SBUAR)
ot BhEEH AL, 2008. 3-10. et P EFERA AR, 2002.
(3] Wk, B, WO, 45 SRBEOERAE M. o dgry (18] SRBRER, SRR, EEWE SR TIOTRAE AT E S b
AL, 1990. 303-324. L], M MEREELRET, 1997, 7(3) : 41-43.
[4] De Vivo B, Lima A. Characterization and remediation of a [19] HJ503-2009, /KB & B 04 E 7840 f5 4-2 38 28 e kay
brownfield site; the Bagnoli case in Italy[ A]. In; De Vivo B, SBR[ S].
Belkin H E, Lima A. Environmental Geochemistry [ C ]. [20] HJ350-2007, b2 Fdth -3 BR35 Bt i o (B AT) [S].
Amsterdam; Elsevier Science, 2008. 355-385. [21] ZEE. EPA Method 3630[S].
[ 5] Khan F I, Husain T, Hejazi R. An overview and analysis of site [22] 3E[E. EPA Method 8041 S].
remediation technologies [ J ]. Journal of Environmental [23] HI/T 166-2004, i%%ﬁ%(ﬂ“&**ﬂﬁi[SJ
Management, 2004, 71(2) : 95-122. [24] MBI, FEA, AN, RIATH R KSR 1], 25
[ 6] Dermont G, Bergeron M, Richer-Lafleche M, et al. Remediation Bl 5HA, 1980, (2) . 18-26.
of metal-contaminated urban soil using flotation technique[ J]. [25] dRbE:. FRSEA e[ M), (B M) dEat: S AFEE R,
Science of the Total Environment, 2010, 408(5) : 1199-1211. 2006. 287-302.
[ 7] Albanese S, De Vivo B, Lima A, et al. Geochemical baselines [26] 4, Bibd. KEE LR R[], iR
and risk assessment of the Bagnoli brownfield site coastal sea BiRbe, 1998, 17(10) ; 40-42.
sediments ( Naples, Ttaly ) [ J]. Journal of Geochemical [27] JHHZE, Jefhfh, tRammk, 55 JEREIEIM]. (=
Exploration, 2010, 105(1-2) ; 19-33. BR). dbE. mAEEE 1R, 2005, 827-839.
[ 8] Cheng F F, Geertman S, Kuffer M, et al. An integrative (28] HHE. +EEFRRETHREOVIRIER[T]. BER%S
methodology to improve brownfield redevelopment planning in B, 2007, 32(5) : 35-37.
Chinese cities; a case study of Futian, Shenzhen [ J]. [20] JAALIE, FRIGHE, Rk, AR 2 B + b i A o %

Computers, Environment and Urban Systems, 2011, 35(5):
388-398.

frS R TEE LT ]. W AE AW, 1990, 1(2): 149-
155.



HUANJING KEXUE Vol.33  No. 12

Environmental Science (monthly) Dec. 15, 2012

CONTENTS

PP CHEN Wei-ping (4069)
Ecological Risks of Reclaimed Water Irrigation; A Review «eoreoeeeeesemessenmineniniiniisne CHEN Wei-ping, ZHANG Wei-ling, PAN Neng, et al. (4070 )
Study on Soil Enzyme Activities and Microbial Biomass Carbon in Greenland Trrigated with Reclaimed Water PAN Neng, HOU Zhen-an, CHEN Wei-ping, et al. (4081 )
Soil Salinity in Greenland Irrigated with Reclaimed Water and Risk Assessment +«+essereersensenssemenenmminiennnins PAN Neng, CHEN Wei-ping, JIAO Wen-tao, et al. (4088 )
Effect of Reclaimed Water Irrigation on Soil Properties and Vertical Distribution of Heavy Metal ~++vseseeeeereesessssseneienienens ZHAO Zhong-ming, CHEN Wei-ping, JIAO Wen-tao, et al. (4094 )
Simulation of Effect of Irrigation with Reclaimed Water on Soil Water-Salt Movement by ENVIRO-GRO Model ««++++sereeeveeeseereeneenmsmneneneens LU Si-dan, CHEN Wei-ping, WANG Mei-e (4100)
Simulation of Effects of Soil Properties and Plants on Soil Water-salt Movement with Reclaimed Water Trigation by ENVIRO-GRO Model ~-++-++-- LU Si-dan, CHEN Wei-ping, WANG Mei-e (4108 )
Modeling the Cd Accumulation in Agricultural Soil Trrigated with Reclaimed Water —«++ssssseseeesessesssssininninsnenninenens ZHAO Zhong-ming, CHEN Wei-ping, JIAO Wen-tao, et al. (4115)
Model Simulation of the Transportation, Transformation and Accumulation of Synthetic Musks in Soils Input Through Recycle Water Irrigation  «eesseseesrereesesemenenssinenensininennnnen

.................................................................................................................................................................. WANG Mei-e, CHEN Wei-ping, JIAO Wen-tao (4121)
WANG Qiao-huan, CHEN Wei-ping, WANG Xiao-ke, et al. (4127)
Public Awareness Assessment of Water Reuse in Beijing ZHANG Wei-ling, CHEN Wei-ping, JIAO Wen-tao (4133)
Temporal and Spatial Distribution of Ozone Concentration by Aircraft Sounding over Beijing ««+:e+sesrereeeeresesnersensinenninneinns CHEN Peng-fei, ZHANG Qiang, QUAN Jian-nong, et al. (4141)
Emission Strength and Source Apportionment of Volatile Organic Compounds in Shanghai During 2010 EXPO «+++eeseeeeeeereens WANG Hong-li, CHEN Chang-hong, HUANG Hai-ying, et al. (4151)
Study on Atmospheric VOCs in Gongga Mountain Base Station «+«+«+sessessesseesereneninimenenisintisstn s ZHANG Jun-ke, WANG Yue-si, WU Fang-kun, et al. (4159)
Regional Atmospheric Environment Risk Source Identification and Assessment «+seseseesserseesiemenenisimeneniininsnsienen ZHANG Xiao-chun, CHEN Wei-ping, MA Chun, et al. (4167)
LIU Gang, SUN Li-na, LI Jiu-hai, et al. (4173)

* HU Zhi-yuan, LI Jin, TAN Pi-qiang, et al. (4181)

LONG Qian, ZHOU Ju-zhen, MENG Jie, et al. (4188 )

YANG Ping, TONG Chuan, HE Qing-hua, et al. (4194)

* LIU Yan, CHEN Shu-tao, HU Zheng-hua, et al. (4205 )

Transport and Differentiation of Polycyclic Aromatic Hydrocarbons in Air from Dashiwei Karst Sinkholes in Guangx,China - KONG Xiang-sheng, QI Shi-hua, SUN Qian, e al. (4212)
)

)

)

)

)

)

)

Impacts of Reclaimed Water Irrigation of Urban Lawn on Groundwater Quality -+

Carbon Tsotopic Compositions of n-Alkanes and n-Alkanoic Acids in the Smoke from Combustion of Rice Straw -++-++++

Research on NEDC Ultrafine Particle Emission Characters of a Port Fuel Injection Gasoline Car

Magnetic Response of Street Tree Leaves to Particulate Pollution in Shanghai

Diurnal Variations of Greenhouse Gas Fluxes at the Water-Air Interface of Aquaculture Ponds in the Min River Estuary

Effects of Simulated Warming on Soil Respiration in a Cropland Under Winter Wheat-Soybean Rotation +-+++++++

Pollution Characteristics of Polycyclic Aromatic Hydrocarhons in Water of Songhua River Basin During the Icebound Season — +xeseeeeereseeeseseeeees MA Wan-li, LIU Li-yan, QI Hong, et al. (4220
Pollution Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in Urhan Rivers of Wenzhou City + ZHOU Jie-cheng, CHEN Zhen-lou, BI Chun-juan, et al. (4226
Pollution Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in Riparian Soils Along Urban Rivers of Wenzhou City -+ ZHOU Jie-cheng, BI Chun-juan, CHEN Zhen-lou, et al. (4237
+++ WU Jiang-yue, LIU Zheng-tao, ZHOU Jun-li, et al. (4244
* PEI Fang, LUO Ze-jiao, PENG Jin-jin, e al. (4251
Heterogeneous Characteristic of PAHs” Spatial Distribution in a Large Coking Site of China ««+«eseesesrerseseesenenennen LIU Geng, GUO Guan-lin,NAN Feng et al. (4256
Vertical Distribution and Source Analysis of Organochlorine Pesticides in Sewage lrrigation Area, Taiyuan City ~«eeovereereeeresneseens LIAO Xiao-ping, ZHANG Cai-xiang, ZHAO Xu, et al. (4263
Distribution and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons in Agricultural Soil of the Chongming Island in Shanghai
............................................................................................................................................................... LU Jin-gang, BI Chun-juan, CHEN Zhen-lou, et al. <4270>
Mercury and Copper Accumulation During Last Fifty Years and Their Potential Ecological Risk Assessment in Sediment of Mangrove Wetland of Shenzhen, China ««+s«sseseessesseneseneneenees
*+ LI Rui-li, CHAI Min-wei, QIU Guo-yu, et al. (4276)
++ ZHANG Wei, ZHANG Hong, SHAN Bao-qing ( 4284 )

Spatial Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Partial Surface Sediments of Liaohe River

Phenols Pollutants in Soil and Shallow Groundwater of a Retired Refinery Site -+

Characteristics of Heavy Metal Pollution in the Sediments from Shahe Reservoir, the Upper Reach of the North Canal River

Speciation and Pollution Characteristics of Heavy Metals in the Sediment of Taihu Lake ~«+x+xsereresresrenresssnenmenmninenennininens QIN Yan-wen, ZHANG Lei, ZHENG Bing-hui, et al. (4291)
Chemical Composition and Daily Variation of Melt Water During Ablation Season in Monsoonal Temperate Glacier Region: A Case Study of Baishui Glacier No, 1 ««eeeeseersessenescneneenes
..................................................................................................................................................................... ZHU Guo-feng, PU Tao, HE Yuan-ging, et al. (4300)
Experimental Study on the Environmental Fate of Nitrogen in Snail-Macrophyte Ecosystem for Water Purification «+«+esseerereeeesesnene ZHOU Lu-hong, GU Xiao-hong, ZENG Qing-fei, et al. (4307)
Growth Inhibition Effect of Immobilized Pectinase on Microcystis aeruginosa -+ SHEN Qing-qing, PENG Qian, LAI Yong-hong et al. (4316)
A Novel Approach of Using Fouling Index to Evaluate NOM Fouling Behavior During Low Pressure Ultrafiltration Process XIAO Ping, XIAO Feng, ZHAO Jing-hui, et al. (4322)
Characteristics of Monomethylmercury Photodegradation in Water Body «+-«+eseeseereeresresemeneninienenenninniii st SUN Rong-guo, MAO Wen,MA Ming, et al. (4329)
Degradation of Oxytetracycline with Ozonation in Acetic Acid Solvent LI Shi-yin, LI Xiao-rong, ZHU Yi-ping, et al. (4335)
Photodegradation Performance and Mechanisms of Carbamazepine and Its Impact Factors CHEN Chao, ZHAO Qian, FENG Li, et al. (4340)
Investigation of Nitrobenzene Removal by Iron Sulfide (FeS) +rereereeerererermesenmeninmsiieiiis WANG Xia-lin, LI Rui-hua (4346)
Experimental Research on In-Situ Auto-Monitoring for Underground Sewage Pipeline Leakage GUO Lei, JIA Yong-gang, FU Teng-fei, et al. (4352)
Adsorption of Phenol Chemicals by Surfactant-Modified Zeolites «+++«+esseesersrsneesesenenenimncnennininceenene XIE Jie, WANG Zhe, WU De-yi, et al. (4361 )
Acute Toxicity of Antibiotics and Anaerobic Digestion Intermediates in Pharmaceutical Waslewaters «++xtseseseesereresresinenenninennninenns JI Jun-yuan, XING Ya-juan, ZHENG Ping (4367 )
Study on Phosphorus Removal Capability of Constructed Wetlands Filled with Broken Bricks «+«++++++++- WANG Zhen, LIU Chao-xiang, LI Peng-yu, et al. (4373)
Denitrification Water Treatment with Zeolite Composite Filter by Intermittent Operation -+ *+ QING Cheng-song, BAO Tao, CHEN Tian-hu, et al. (4380)
Influence of Nitrate on the Simultaneous Methanogenesis and Denitrification Reaction of Anaerobic Biofilm and Granular Sludge +++++++++++++++- ZHONG Chen-yu, YE Jie-xu, LI Ruo-yu,et al. (4387)
Study on Dewatering of Activated Sludge Under Applied Electric Field JI Xue-yuan, WANG Yi-li, FENG Jing (4393 )
Effects of Multiple Environmental Factors on Triflulsulfuron-methyl Degradation in Soils +++++ ++++ SONG Ning-hui, SHAN Zheng-jun,SHI Li-li et al. (4400)
Effect of Alkaline Post-Treatment on Physicochemical Property of Digested Spartina alterniflora -+ B AR CHEN Guang-yin, ZHENG Zheng, CHANG Zhi-zhou, et al. (4406 )
Structural Changes in Mineral Phases and Environmental Release Behavior of Arsenic During Sintering of Arsenic-containing Waste «+-++«+s++se+++- WANG Xing-run, NONG Ze-xi, WANG Qi (4412)
Study on Emission Standard System of Air Pollutants JIANG Mei, ZHANG Guo-ning, ZHANG Ming-hui, et al. (4417)
Mechanism for Transformation of Environmental Criteria into Environmental Standards in China BI Cen-cen, WANG Tie-yu, LU Yong-long (4422 )
Effect Analysis on the Two Total Load Control Methods for Poisonous Heavy Metals «+«+«+xxssessesesensensnnsnesninnnnmmniiiiissn i FU Guo-wei (4428 )



CGAMERZENE 6 BHREER

E & KA
BIES: B RE 1N
HOF. (FRUEREEHET)

FENL EARR EB%E
AKE XER B
BRFHAZ B&FE 2 M
| i osE 3 4

w#H A7

(HUANJING KEXUE)

TEE
Bt T
R

ER ol
i
I
B RS

A
=

SHN < G b
JE Sl Ak
K W OE

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(AT 1976 48 A7)
WIRAE12HISH 33% 512 Vol.33 No.12 Dec. 15, 2012
F & TEPER Superintended by Chinese Academy of Sciences
* B P EPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (BIEE NFE) Academy of Sciences
b5 HT BR3P R 2 B ST B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% OB 2% R Protection
* % OB A School of Environment, Tsinghua University
= " << 5B RL5 >> Rl ij:o;‘-m o b '(I?EYE[?dNIG 'le-)]l:and f Envi tal Sci (HUANJING
e Py, NEe v ke 1te y e 1ora oard o nvironmental >cience 7
JEHTTT 2871 {74 (HEE DU
. KEXUE
18 5, BB i : 100085 ) ) _
HLi% .010-62941102 ,010-62849343 P- 0. Box 2871, Beijing 100085, China
B '010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mai.l-hjkx@ rcees. ac. cn E-mail: hjkx@rcees. ac. cn
hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n
H BR 4 3 " " m Published by Science Press
e BT R MR AL AT 16 2 16 Donghuangchenggen North Street,
ZIN N B
Hﬂgﬂéﬁﬁ% .100717 Beijing 100717 5 China
EN R 23T dvsdbAkenil) Printed by Beijing Bei Lin Printing House
% 1T 4 4 * K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT M & SEZHIRER Domestic All Local Post Offices in China
EShE&IT PEERREFR S BT Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f544) Shudian) ,P. O. Box 399, Beijing 100044 , China
—am=  ISSN  0250-3301 s e o
EFIS . e : 2-821
RERRATIS, o001 ERE RS
E ® E :70.005T EShRITRS: M 205

BERSMRFEIT




	2012-12fm.pdf
	ml.pdf
	20121225.pdf
	ywml.pdf
	fd.pdf



