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Pollution Assessment in the Intertidal Zone of Beibu Gulf Using Multi-biomarker

Pollution Index

DU Xiu-ping, MENG Fan-ping, WANG Zhi-feng, LI Xiang-lei, YANG Fei-fei, CHENG Feng-lian, YANG Yue-
zhi, LI Zheng-yan

(College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: This paper assessed the coastal environmental quality along the Beibu Gulf using a statistical approach, multi-biomarker
pollution index (MPI). Samples of clam ( Paphia undulata) and sediment were collected at nine sites from the intertidal zone of Beibu
Gulf in April 2011. Nine biomarkers of response were measured both in gill and digestive gland in Paphia undulata, and twelve kinds of
contaminants were measured in different sediment samples. According to the Pearson’ s correlation coefficients between biomarker
responses in Paphia undulata and contaminant levels in sediments, five biomarkers either in gill for oxidized glutathione ( GSSG),
reduced glutathione ( GSH) , glutathione S-transferase ( GST) or in digestive gland for thiobarbituric acid reactive substances
(TBARS) and glutathione peroxidase (GPx) were selected for MPI calculation. For each biomarker at each site, a response index was
allocated, and the MPI value of this site was calculated as the sum of the response index of the five biomarkers. The results of the
calculation (MPI values from 18 to 39) showed significant differences among sampling sites. The environmental quality of all sites
ranged from class 1 (clean) to class 3 (lightly contaminated), and no site fell into class 4 ( contaminated) or class 5 (heavily
contaminated ) , indicating a good environmental quality in the intertidal zone of Beibu Gulf. However, the environmental quality at
some sites (S1, S3, S4 and S7) fell into class 3 (lightly contaminated ), indicating mild interference from human activities has
occurred.

Key words : Beibu Gulf; Paphia undulata; biomarkers; multi-biomarker pollution index (MPI) ; pollution assessment
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Fig. 1 Sampling sites in the intertidal zone of Beibu Gulf

with results of environmental quality assessment ( April, 2011)
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Table 1 Index given for each biomarker response

FI5IHE T (DF)

7 N3

K 1 2 3 4 5
4 10

BUER(BPD) O 6 12
2 7 12
1 8 14

2 HREHH
2.1 UUBWY G ey A SL L ARG AR P A AR
PI7KF-

S AL TUR R 12 FIE e o M 4 SR L3 2.
P 45 Sl 67 T R 0 1) 95 e DR 2R R | B R ] Sl o7
) 75 e ) B AR 25 5

Per AR IA P RN S (BRI ) 9 Rh2E MR
BT PTEER I 3. REEFLRN LR EYIK T
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TENIFA #8851 GPx MG 2H 2 b IS 19 43
22 S PEREE. IO, Bl A bR s P W KA s
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SebERE A E] 31,49 13,46 Fi113.02; Hikh
GPx,, 1 TBARS,, , i {3 22 53 ¥: 5331 o 5. 24 1 4. 28
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He e 1Y 9 AN AL, FEF R Ak 0 10l A5 (] 2 S 1
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Table 2 Results of contaminant levels in sediments of 9 sites ( dry weight)

i PCBs BaP TPH Ay S Hg

Sl 1.66 +0.32 0.86 £0.07 19.23 +1.05 342.98 +24.74 ND? 0.042 0. 008
2 0.60 £0.03 ND 17.99 +1.44 14.01 £0.49 55.62 +3.91 0.057 =0.016
S3 1.07 £0.27 0.80 £0.04 17.05 +1.26 100.33 +17.96 3.54 +0.36 0.083 +0.011
4 3.48 +0.58 0.79 £0.02 16.06 +0.76 4.72+0.71 ND 0.062 +0. 007
S5 0.59 £0.04 ND 35.79 £2.24 33.15 +1.85 31.44 £3.66 0.437 £0.013
S6 0.70 £0.11 ND 23.60 =0.48 5.03 +0.18 14.76 £2.38 ND

S7 1.55 £0.29 0.54 £0.05 18.81 +1.28 7.02£1.12 13.28 +1.34 0.094 +0.010
S8 2.46 £0.09 0.59 £0.01 42.19 +2.82 40.17 +3.89 187.98 +5.32 0.099 =0.015
S9 1.17 £0.24 ND 21.68 £0.95 18.51 £3.36 11.95 0. 83 0.029 +0.010
i As Cd Cr Cu Zn

S1 3.02 +0.70 0.097 £0.012  148.95 +7.37 17.07 +2. 04 23.58 £0.81  1271.88 +5.96
2 12.81 £0.91 0.078 =0.018 14.41 £2.51 15.70 £0. 59 13.37 £0.52 49.82 +1.38
S3 21.51 +2.56 0.083 +0.016 36.16 £4.65 27.97 +6.57 26.20 +2.26 90.23 +2.28
4 10.61 +0.56 0.054 +0. 007 35.94 £3.37 15.02 +1.02 15.24 +0.54 69.81 +0.57
S5 8.45+0.10 0.306 +0. 030 75.02 +3.86 17.75 £2.13 41.13 £0.57 170.81 £2.25
S6 6.84+1.34 0.028 0. 007 7.50 £3.35 13.66 =1.56 7.15£1.07 35.82+1.24
s7 16.84 £2.24 0.122 +0.014 34.88 £2.70 14.34 £4.13 15.71 £0.41 72.19 +1.12
S8 5.31£0.92 0.082 +0.011 51.99 +4.26 26.94 +7.80 29.02 £0.60 95.97 +1.70
S9 4.64 £0.59 0.039 +0.029 8.89+7.10 12.30 +3.87 7.58 £0.13 21.36 +1.60

1) BRLLEMH + brifl )5 227 (mean = SD) FR, B0z : x 10 7, PCBs | BaP il NP B0 x 10 =% 5 2) ND R AAG 1 A% T 07 1240 i B

1) A S SR A £ WA L. I ol 2 5 0 [X il
AL a5 YeRe BE B3 1A 4R
2.2 YRR b

ARG MPT J7 i B3E FH 250, 5 M b A Wb s
Yyrbitie 5 T MPL{EAITTR. ©ABFFERY,
MG R L8 A Wy bR S W R 16 (5 i) S 3R

BEn Y E B ER AR OC. h T I A
P a5 )W LA VY1 T PR 1) 2 5 B, 7 30
SHZ M2 175 G (L35 CHLRTA LTS 3 )
AT WA A hr B, i, AT 58K
XUAE gt B IR MR SN S0 A T 3k, XA 3 5 i 18] s 35
o EL A e 58 0 A R 2 R A bR i K P 5 TR
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T Y AT AR OGS AT, LK 4.

FH2 4 AT UL 2R Y8 2 i s 14 i 4 L AR e i
FIAHER O FhAE IR &P T, GSSG, . GSH, %5 3
Fivys YW AEAF 0 A G TBARS,, 5 2 #5449
F7AE B 3% A 56 #E; MTs, . MTs,, . GPx, . AChE,
GST, &5 1 A5 Y Yy A7 A6 0 2 AR OCHE. XS R an F
GSSG, N Zn, TPH, BaP; GSH, A Pb, Zn. TPH;
TBARS,, W & Hg, Cd; MTs, & Cd; MTs, N As;
AChE,, 4 Pb; GPx,}j BaP; GST, Jj As.

WA 1. 4 W EWbRE TR 7 B E S T MPL
AT 5 b A Wb &9 43 518 : GSSG, . GSH,
TBARS,, . GST, Hl GPx,, , X B4 3259 f i 1 AJ fz e

SRR /0 7 Fs Y5 . MR 75, MTs,
MTs,, Fl AChE,, PRIt s W pr) i [R) i U AR 5 G A SR 45
b Hh 57 25 SRR ANE A MPL{E T
2.3  MPLiHR SNSRI

XFF LRGeS M AR E 1.5
(730, MR T4 B A o A b 7 200 1) 531 B 7
FIBIKE-ESm (£ 5) , PT343 2 AH N A9 MPI
H(FR6). SRIG, W45 uhi T Ak 75 Gl 45 90 A R
UL AR (UL 1), AT UL &b AN R T
G YL ol Y5 Y G ARk UL, ST, S3 ., S4 Fil S7
(5 QLR ey A T B 5 ga " A5 40,82 . S5, S8
FS9 Sy i RATF" S0, S6 J8 W " L.

F4  FEG B PEYREY S TR TR R REEXRE

Table 4  Pearson’s correlation coefficients between biomarker responses in Paphia undulata and contaminant levels in sediments

il CAT, SOD, GST, MTs, GPx, GSSG, GSH, TBARS, AChE,
¥ Hg -0.02 -0.42 -0.24 -0.55 -0.18 -0.61 -0.24 0.17 -0.09
cd -0.03 -0.33 -0.17 -0.67* -0.20 -0.45 -0.11 0. 20 -0.03
Pbh 0.26 0.25 -0.08 -0.43 -0.55 0.55 0.73* 0.52 0.11
Cr 0.10 0.20 0.53 0.37 -0.33 0. 00 0. 31 -0.16 -0.02
Cu 0.09 -0.11 0.03 -0.34 -0.42 -0.24 -0.07 0.19 -0.04
Zn 0.23 0. 40 -0.04 -0.33 -0.45 0.78* 0.88* 0.48 0.26
As 0.05 0.36 0.84* 0.18 -0.05 -0.11 -0.51 -0.32 0.02
Ak -0.47 -0.30 -0.21 0.08 0.38 -0.32 -0.24 -0.47 -0.03
TPH 0. 30 0.47 0.16 -0.19 -0.56 0.82* 0.76* 0. 46 0.28
PCBs 0. 30 0.13 -0.17 0.27 -0.22 0.23 0.27 0.19 -0.44
BaP 0.53 0. 60 0.45 0.27 -0.63 0.68* 0.42 0.35 -0.17
NP -0.18 -0.62 -0.46 -0.11 0. 09 -0.51 -0.27 -0.02 -0.26
e CAT,, SOD,, GST,, MTs,, GPx,, GSSG,, GSH,, TBARS,, AChE,,
¥ Hg -0.36 0. 02 0. 20 -0.28 0.07 -0.04 -0.45 0.84" -0.41
cd -0.26 0.16 0.22 -0.32 0.11 0.06 -0.35 0.84" -0.47
Pbh 0.28 0.28 0.58 -0.36 -0.06 0.47 0.15 0.19 -0.70"
Cr -0.31 -0.40 -0.32 0.31 -0.43 -0.22 -0.44 -0.09 -0.20
Cu -0.33 -0.08 0.18 -0.16 -0.16 -0.01 -0.46 0.58 -0.59
Zn 0.55 0.42 0.53 -0.29 0.05 0.56 0.34 -0.11 -0.47
As -0.20 -0.09 -0.59 0.68* -0.49 -0.34 -0.40 0.07 0.21
Ak -0.55 -0.25 -0.19 -0.15 0.24 -0.33 -0.19 -0.08 -0.06
TPH 0. 60 0.31 0.37 -0.16 -0.06 0.57 0.28 -0.20 -0.42
PCBs -0.32 -0.44 0.34 -0.01 -0.51 -0.10 0.07 -0.03 -0.41
BaP 0.07 -0.22 0.22 -0.22 -0.72* 0.14 0. 04 -0.15 -0.51
NP -0.55 -0.30 0.14 -0.52 0.21 -0.12 -0.15 0.37 -0.36

1) * &R P<0.05

S ulifir, L S6 i MPI {H AR (18) , FR5E it it
J& T ARG, X 5 B RS T ] SV R F
EEFEAE M | JE BTG Tk 5 e IR o A Y SE BR AR LA
¥, b L UURRAY) s Y W 45 SR R B BaP |
& Hg, Cd, Pb, Cu %t KT ub i IR, HiAth
15 YIS AR AR TR 2B .

AHXTTT R, ST AEf A w2 MPL A5 (39)
Ab TR YL S AL VTR Y T Ph | Zn | TPH

il BaP & A How w40, B ROl 7
MHE 418 B VA Ak L 7 8 D D S | A AR B v i 7k
EETEYORIE. BR S1 4h,S3, 4, ST b T 5
s YL K- (MPL{EI R 37). BG4 &I, S3
AL TR B AR IR A — S VD T 22 b 1 )
ELARRA FRA X, ELIZAR B B M #5 25 600 m , BE 31T
Rl URHETS VIR IE 3 km, FRAH X 5% 434 24 71 i U5 HE
5 I L[] ] BB AR5 7 As . Cr Al BaP 9 &
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T 7 PCBs |, BaP 2 4 i A LA
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Table 5  Discriminatory levels obtained for the five biomarkers of the studied nine sites

AT M R 3 FFl ( RR) BAFXE(CL) HA T (DF) FIHKF(DL)
GST, 718.18 338. 69 3.12 4
GPx,, 8.59 3.92 3.19 4
GSSG, 4.22 1.71 3.47 4
GSH, 5.25 2.33 3.25 4
TBARS,, 11.18 5.43 3.06 4
K6 U MPIE LR =H.
Table 6 MPI values for each site (2) ;F[“EH MPI ?Elbﬁﬁ‘l‘ U\ﬁﬂ\]gﬂﬁﬂﬁ B:ﬁz: Iﬁ]
e TG RAEH(BPD) TR, A L
SR N F1422 TR =t YALQVAIRN S AN
W s opn, ossc, osn, mars, P S )l O 2 5 R IR, AL A 9 Sl f
st 7 4 12 12 4 39 AbTFANTE Y 5 Gk F- R 5 TR L R R
27 2 4 7 2 22 “ERUE YL ARG AR R AR 1A 4
S3 12 12 7 2 4 37 \ 5 ENURNIRN N
N T NP N s oy P TR
s 2 4 2 4 12 24 VI AR
6 4 4 4 4 2 18 (3) AU v Y T 38 3y 57 1) &35 P3G o Ak
S7 7 7 7 4 12 37 € F2 A S . 99 = . S —
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9 2 4 7 4 7 24 (75 JL s .
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MR , : 49-54.
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Vi RN AN N — St N —
{Eﬁl\ ) ;H\:é% E/‘J %’ﬂﬁ{iﬁﬁl‘ {5%%*5 hﬁi&j{ﬂ‘ﬁ—ﬁ&ﬁ classification based on biochemical markers in mussels:
YE , Rfﬁ?}%ﬁjﬂ%*ﬁ%%%m éél:% , X’ﬁ;u Fﬂ%#g application to pollution monitoring in European coasts [ J].
é:}»%.jllj/fj E{J%%ﬂ(iﬁ?—%g‘é%ﬁ @JEH MPI 7‘5‘\{25}@‘% Biomarkers, 1999, 4(6) : 415-424.
ﬁﬁ{ﬁ‘@é@%ﬁﬁiﬁﬁ?ﬁ*ﬁ, %ﬁlﬁ'fﬁ E/\J_i;lzﬁl\é%%% %ﬂﬁ [ 3] Oliveira M,f Maria \]7 ]L, A(hmadd I,A et al. Conta]n)lination
NN N v — A N assessment of a coastal lagoon ( Ria de Aveiro, Portugal) using
15 YR 5341 LA SRR TS e ) & B o A 4 SRy . o
e AN efence and damage biochemical indicators in gill of Liza aurata-
*H?‘/jj‘ JJ:E , *E?Ezlgb}l:ﬁﬁli E/‘J 5 ﬁi%*’ﬁ ‘L‘A\%{)ﬂu An integrated biomarker approach[ J]. Environmental Pollution,
SEAERTIHE Y MPI (B, REAZH A B0 92 X 43 IR 2009, 157(3) ; 959-967.
Z: Iﬁj [Zbﬁ{g'ﬁ I‘EH%B(J%%%‘]%%]J(EFA j[ﬁ%ﬁ‘]’%{% [‘Eﬂ%% [ 4] Leinis S, Lehtonen K K. Seasonal variability in biomarkers in the
ﬁ:}*ﬁﬁ’fﬁ E@é%éﬂ;i%}ﬁiﬁﬂ: « iféf}%ﬁ?ﬁﬁ% ” %g& , %%Eya bivalves Mytilus edulis and Macoma balthica from the northern
. - N s Baltic Sea[ J]. Comparative Biochemistry and Physiology, Part
T4 X E =23 YEZ B VS YL B .
H nglgﬁl: ﬁali]kj\j{ﬁ jJE]/J s rﬁJ C: Toxicology and Phamacology, 2005, 140(3-4) . 408-421.
3 & [ 5] Depledge M H, Aagaard A, Gyorkos P. Assessment of trace
metal toxicity using molecular, physiological and behavioural
( 1 ) y\j T‘H‘%: MPI Tﬂbﬁ , %gﬁj’%;{ﬂ'zﬁ‘]ﬁg& biomarkers[ J]. Marine Pollution Bulletin, 1995, 31(1-3) ; 19-
WHRA RUFLAEAHCHER AR AR EY). e LA ar 27
[6] Choi]Y, YulJ, Yang D B, et al. Acetylthiocholine ( ATC) -

JE w5 S 3R R W) R F B0 T, GSSG,. GSH, .
TBARS,, . GST, Fl GPx,,iX 5 Fi A= ¥ b =5 9 1) Il
{F T Sz W b0 7 i 1 s U AR v oK 2 8005 Y W 1)

Cleaving cholinesterase ( ChE ) activity as a potential biomarker of
pesticide exposure in the Manila clam, Ruditapes philippinarum

of Korea[ J]. Marine Environmental Research, 2011, 71(3):



10 34 K5 AR . BT 2 A Wb S G R (AT A (B S AR PR 3343
162-168. 116.

[ 7] Berthet B, Mouneyrac C, Pérez T, et al. Metallothionein [14] Saavedra C, Bacheére E. Bivalve genomics[J]. Aquaculture,
concentration in sponges ( Spongia officinalis) as a biomarker of 2006, 256(1-4) . 1-14.
metal contamination [ J ]. Comparative Biochemistry and (157 W&, 204, BANE, . AUFRISICHE W 1A sh i (v ol
Physiology, Part C: Toxicology and Phamacology, 2005, 141 R B2 [ 1], W@, 2010, 29(6): 617-
(3): 306-313. 622.

[8] Van der Oost R, Vindimian E, Van den Brink P J, et al. [16] GB 17378-2007, MFF WML S].

Biomonitoring aquatic pollution with feral eel ( Anguilla [17] ). WK KA A T SEAE A AT AR W br i i 5 i)
anguilla). 1I. Statistical analyses of relationships between W[ D]. HFE . PEEERY, 2011.22-23.

contaminant exposure and biomarkers[ J]. Aquatic Toxicology, (18] H#k. WHER IS Y4 e i & H R IS 4 BT H R BT 52
1997, 39(1) : 45-75. [D]. #H&. P EEH KR, 2010.27-36.

[ 9] Zanette ], Monserrat ] M, Bianchini A. Biochemical biomarkers [19] R, &A%, MREA, . AL SR A 2 b
in gills of mangrove oyster Crassostrea rhizophorae from three HAKZOEMERLT]. ik 540t RE, 1993, 20
Brazilian estuaries [ J ]. Comparative Biochemistry and (2):136-138.

Physiology, Part C: Toxicology and Pharmacology, 2006, 143 [20] Habig W H, Jakoby W B. Assays for differentiation of glutathione
(2): 187-195. S-transferases[ J ]. Methods in Enzymology, 1981, 77. 398-

[10] Richardson B J, Mak E, De Luca-Abbott S B, et al. Antioxidant 405.
responses to polycyclic aromatic hydrocarbons and organochlorine [21] ask, RS, G, et sEkie /N2 43 it
pesticides in green-lipped mussels ( Perna viridis) : Do mussels Hkd B Y G 1], B =FE R¥%, 199, 18
“integrate 7 biomarker responses? [ J ]. Marine Pollution (6):551-552.

Bulletin, 2008, 57(6-12) : 503-514. [22] Ellman G L, Courtney K D, Andres V, et al. A new and rapid

[11] Narbonne J F, Aarab N, Clérandeau C, et al. Scale of colorimetric determination of acetylcholinesterease activity [ J].
classification based on biochemical markers in mussels; Biochemical Pharmacology, 1961, 7(2) : 88-90.
application to pollution monitoring in Mediterranean coasts and [23] Li D, Oh J R, Park J. Direct extraction of alkylphenols,
temporal trends[ J]. Biomarkers, 2005, 10(1) ; 58-71. chlorophenols and bisphenol A from acid-digested sediment

[12] Bouraoui Z, Banni M, Chouba L, et al. Monitoring pollution in suspension  for  simultaneous  gas  chromatographic-mass
Tunisian coasts using a scale of classification based on spectrometric analysis[ J]. Journal of Chromatography A, 2003,
biochemical markers in worms Nereis ( Hediste ) diversicolor| ] ]. 1012(2) . 207-214.

Environmental Monitoring and Assessment, 2010, 164 (1-4) . [24] US EPA. Method 8100, Polynuclear Aromatic Hydrocarbons
691-700. [s].

[13] Banni M, Jebali J, Daubeze M, et al. Monitoring pollution in [25] JAfEe, ffadk, Dok, %, B4 GC-ECD & A Bike
Tunisian coasts: application of a classification scale based on SRS PCBs[ )] @{i%iﬁﬂ‘i’, 2000, 19(4) . 57-61.
biochemical markers [ J]. Biomarkers, 2005, 10 (2-3): 105- [26] GB 18668-2002, VIR S].



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

	20121006.pdf
	02.pdf
	ym.pdf
	fd.pdf




