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Abstract; Methods of indexes of geo-accumulation, potential ecological risk index,and biological effects of concentration
are applied to evaluate the eco-environmental quality of sediments in the Changjiang estuary and its adjacent waters which
are divided into 7 zones by Cluster analysis in consideration of hydrodynamic process and deposition process and salinity
impact. The results showed that three methods of evaluation findings are basically the same, The environment of the
foundation of the study area is subject to varying degrees of heavy metal pollution, while the quality of sediments outside of
the estuary and sea area nearby Zhousan is good and poor at the estuary and turbidity maximum Zone and Hangzhou bay.
The degree of Hg spatial fluctuation appears to be the highest in surface sediments, with the order of heavy metals
fluctuation degree ranging as the following;Hg > Cd > Cu >Pb > As > Zn. Ecological responses are obviously discovered in

the validation based on the corresponding period macrobenthic community parameters.
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effects of concentration ;macrobenthic community parameters ; Changjiang Estuary

PAER PR W, B SRR AK K TSR, 2 EREE AR R SR N, Rt L
B E R TURYE & BB LRI x4, WMORYHHESBTEMUES T ZE N ERN M
AR R, T AR i b R B X B9 Y5 YR 00, , IR BRESATG Sh G 5 L R B IR, S T B s Rk 2 g A
BEATAESHER BB . B, TR P E SR SR LB A NEN . KR
FAERR B2 6 R R BRE S0 B SEEIR IS RSO R R , WA B XHE T 0 it 43
BUBRYHESE As.Cu.Zn .Cd.Pb Hg {75 Sk E AL A S XK 17T E BN, AWM A AR REERE
T BEE LA
1 A E
1.1 R BREEIL

MER 2R Muller™ 42 HH 531 5t BRI (1,,) B—F PSR B RY T EL BRI RNERER, T
BINTF:

I, =log,[C,/(kxB,)] (1)

K1) H,CRIETE n EVIRY PSR (8RB, SCE) ; B, 2R RTIRA (BT A ) %5
RHHIRIEFERAE:E A RS AAERTRATETRENZSNHERM RZE(—BBERN1.5), &1
% PR ERAL A T RUE , 5 8 B L E 7 ER AL S B Wl T A P R B R EE BRI R X
SEbR, A SCR A o E SRR BHE A KT O DTS e il . 2% 2 2 Miiller 25 H B9 DT HAR B35
B STERREZ MMM ERR, MR BIRPELI N T K, BP0 ~6 &, RARTFLBE B LXERE.

R1 MBFRAEERE
Table 1 Geo-chemistry background (mg-kg™')

JEE Metal Hg Cd As Pb Cu Zn
T4 Shalel*! 0.35 0.3 13 20 45 95
1 E k35 Chinese continental crust!®] 0.08 0.055 1.9 15 38 86

=2 MRARMEBEHESLER

Table 2 Index of Geo-accumulation and pollution level

BRER 3R 3-8 G - H -k x
Pollution Very high Very high-high High High-Medium Medium Medium-low Low
YURY I, Sediment >5 5~4 4-3 3~2 2~1 1~0 <0
10w 534 Grading 6 5 4 3 2 1 0

L2 SR

S RH 5 Hakanson® $RHI B VTR 11 & VBELE 6 A ok A AR

R=YE=Yrc=3Y1-& 2)

(2 th RESEHEASETIRNG B DR SR ST S5 RS S C %
VRIS R, U R C O TUB S R SR EE ;. ST B MY S
R, VORI R R PR, R RS R A B A S A B B ™, A SR
72 LY TSk AR T CRI0) ™ B SRR P AR (2 3) o

A(2) FAUR BT H— AT S RS RS , T LSBT M5 S 55 A, 36 ELA
SRR A T WORIE . AR IR BRIk, 4 6 Y30 (As. Cu,Zn. Cd, P Hg)
AR 4.
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®3 HEBEESEEEUMBNSILE
Table 3 Reference value of counting the potential ecological risk index

JCER Metal Hg Cd As Pb Cu Zn
UL 2T 5 $ Toxic response factor 40 30 10 5 5 1
TR B RBERE RE (mg-kg ™)
Pre-industrial heavy metals in sediments highest global background 0.25 1 15 70 50 175
values

¥ El [8] . -1
KILOWRAE SRR ( me-ks ™) o2 o5 1 2 "

Changjiang Estuary sediments heavy metal background value

F4 C; 0 RIERTHIRAE
Table 4 Evaluation criteria of C; and RI

£} el HE BREE EE e il HE R AR
Index type Range Pollution Index type Range Risk degree
<1 {K¥5 4 Cleaner  RI <100 {E AR Low risk
=1,<3 Y54t Pollution =100, <200 7 R Medium risk
=3, <6 B E 5% High pollution =200, <400 B A High risk
=6 RET5HL Very high pollution =400 1R7E AR Very high risk

1.3 BT A Yo ok B W P4

Long 2" 78 5t TR 4 7 15 Yy ol J3E AR Wi I 9k BE 22 IRV B 6 R R4S T VR IR T O S b, B 8 7 3O
G B ( Effects range low, ERL) ” 51 “ 350 3¢ &+ 45 ( Effects range media, ERM) " W FPR{EKE . JERAMATT4E
Wy R R HEAT T RS, B E T B A T 0 5Bt F i M E™" /N T ERL BB B 48
XA YIRS TN B AR & A, AT ERL A1 ERM 22 JB] 38 B 28 4 JB X A= M ) S T8O AR /R 4, TR T ERM
B E B EYNAERNEE KE. &6 T O 5EFEIAYN&ESEITER ERL f1 ERM F{#H#K
ERES,

£5 EYPERNTEERERE
Table 5 ERL and ERM guideline values for trace metals( mg-kg =) [1!!

JLE Metal Hg Cd As Pb Cu Zn
ERL 0.15 1.2 8.2 46.7 34 150
ERM 0.71 9.6 70 218 270 410

RIEA R BEHE , A SO 8 REE R R BET T 04T, SRR T B B & B 7E A [ A= Y8 b v B 7
Bl P A A S TET O B LR
2 LGS
2.1 FaRE

KILOLEERRIR U & S4B IR YD T AR , M B Bl T O VL O RN LUE,
B =G MO AR MBS S0 BRI O 23 o8 B ST ST, B S XK X & Y B o A B i
b3 LB SO v s S B A AEAE , BT SR — N LAY G 20U O, 2005 4F R AR K IT 1 K B <8938
GRRET 49 NMREVURWRER D, W E AR 40 45 48 BEmH , R I GB17378.5-1998 FN KRR K M
Wyt Ir k) (EMURR) 7387 e EIREE HRALEE A7y Joizta , 9% GB17378. 3 Mg e M ALYESE 3 M
BRI SR E AT o SRR 1 B
2.2 JURMEREES X

WL 032 J2 DU PR BE 20 AR AR 0 — 8 3 0 AU AR AR T ™=y , B R 1) 10 3 X PR U3z 3l R

O KILORBFEEFRRLFEMTR S, H BRI 2006 4F.
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R, BWAMBRKITTARAERZNBIOET. W 0 200 s moe  mss
FHIEI K EE IO O B K A, S 00 O3 T e
BRI RS, SEXM A 0 ARBT |
FRYIRE R AT BRI O BBt 4R I R 4 7 . _Ji?}, o

MXIR(E 1), £ KB ERE LK 6,

6 FEBR 7 AN XIREA R B K3 &4
JREEE VIR S A, ¥ I XA T AWK
HATIMHE, A= TN, X B K ITR R EGE,
MRET Y WNAR FARNMKAELESEHITER
w,MELSBILRENFEHNERME, KILARRER
BRI B Z X TR AR o S T s
FHME, I X FEZ S HAERL A RRKERTE 90 0
X, FURY AT B A Mg b B e o 3, 3X A PR
YR BB, — AU , LR TE AR ER, 8 5 W Y
HEELRBIUER, MENRRKZIL BB EEER, #
KR S A 2 40 BURL Y SR A B RS L UiRE T
X, FHEMFEL S BITE ;[ , 3G ER KA EFZ AR T 2/ A VLR, i Fe-Mn KA 4. 2 RY T
B X TR AR EEE S R KA SR, BN T KBNS B TR, AN MV KT
KT 04 5P RE" 28, BRRKIL =AW RS ES BB IEN TV~ IRS5 TR H, ¥
HVIFVIX 2 TR X ARE, N THERBOMRSIAX, XESEFRENEYRE  E2BTESE
R, AR ",

- Zhejiang -

S Zhigilang T

Bl KITORBSBERRAE A R TR E

Fig.1 The sampling stations and district indicate

6 KITORMPHES RIRTRHE
Table 6 Characteristics of sediment environment in Changjiang Estuary

b7 1K 2 A JREEE (%0) Bottom salinity @B fLARE K3 SR E
Group  Stations Fi S Range SP- 13348 Mean (pm)Dsy  Sediment types Hydrodynamic type
I 09.10.11.12.13.14 <2 <2 51.31 YT.T.TS.ST % M Runoff, Trend
I 20.23.25.26.29 11.0~18.0 16.7 30.52 TS.S.ST YA 72 Runoff, Trend
m 15.17.18,13.22.24.27.30 44 18.9 ~31.5 21.78 18.83 S.T.ST % M Runoff, Trend
47 .48 49
1\ 01.03.04.05.06 .08 15.8 ~33.4 29.5 - T.YT % M Runoff, Trend
32.34.35.36.37.38.39.41,
v 12 .43 o 22.9~34.5 29.6 - T.ST.S % M Runoff, Trend
VI 02.07.16 .45 .46 32.7~34.3 33.6 12.73 T .YT ¥ Runoff, Trend
il 21.28.31.33.40 26.2~3.6 32.1 12.73 T.YT ¥ Runoff, Trend

Y:$5+ Clay, YT X5+ B8 Clayey silt, T 3380 Silt, TS: $8M RS Silty sand, ST @MFE 8> Sandy silt, S: 2P Sand

2.3 HERBEUEAITERI B

AEXBEZNRYHTELBEBIAIRERILET,

MFTTURY, EREHRYFENNESES He tENERESIRERR, HEELBTEN
R SBRERRK, FELBEMENRENIFRF KK N Hg>Cd>Cu>Pb>As>7Zn, REVIHYFES
JBICRM A, ERTHNR LRIV OW B 0SS EBM, 28— EE N E TRES, BT RIEER
Ko HALEM KB GEESRENRKEEHELU, PAERILESBOENSEEAMBKER . BHE IS
Rl <F-
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7 KINERMAEFERPRYHESERESH
Table 7 Distribution of concentration of heavy metals in the Changjiang Estuary’ sediment(mg-kg ')

sk As Cu Zn Cd Pb Hg
Crop T8RP #HE  FHE WHE  FE WHE  FE WHE  FE TR Y
Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean
I 7.9~8.7 8.83 17.8~34.4 24.52 60.4~89.2 69.18 0.11~0.28 0.22 15.5~26.1 18.73 0.04~0.11 0.08
I 5.72~12.3 9.92 12.8~34.1 27.02 48.3~90.4 81.12 0.09~0.18 0.15 16.9~28.2 21.42 0.05~0.9 0.08
m 7.7~13.1 10.71 16.2~32.8 25.80 61.6~96.2 76.09 0.08~0.22 0.14 12.3~25.5 21.39 0.02~0.18 0.07
IV 63~13.1 9.52 5.1~25.8 12.73 40.1~83.6 54.65 0.04~0.11 0.07 12.0~33.4 20.43 0.02~0.05 0.03
V 7.8~10.9 810 22.0~29.7 25.38 62.5~84.6 75.53 0.08~0.12 0.11 11.6~24.6 16.51 0.045~0.063 0.06
V. 6.9~9.2 8.16 15.0~22.2 18.90 60.2~74.7 68.06 0.11~0.13 0.12 20.6~34.8 24.92 0.02~0.10 0.05
VI 10.2~13.5 11.66 25.0~33.1 28.88 74.3~85.6 82.10 0.09~0.14 0.12 12.1~19.7 16.72 0.045~0.091 0.06

2.4 PIRYESIHRR BN

RIELL 7 A X RA 3 MR KT O R B SR R URR AT AR AR R R B PP
2.4.1 RBERELE

HAK (D) ITRHERAILR 2 2RI R T RERINE 8,

£8 KIIORMSBHEHBRRIEHEMMRREHRIR
Table 8 Index of Geo-accumulation (Igm) and Index of Geo-accumulation Classifiy in Changjiang Estuary

] Lo 1o 714 Grading

Group  As Cu Zn cd Pb Hg As Cu Zn cd Pb Hg
I 1.61 -1.26 -0.91 1.34 -0.28 -1.27 2 0 0 2 0 0
I 1.75 -1.16 -0.71 0.85 -0.09 -0.67 2 0 0 1 0 0
i} 1.88 -1.18 -0.78 0.67 -0.12 -0.95 2 0 0 1 0 0
\'§ 1.68 -2.38 -1.28 -0.28 -0.22 -2.25 2 0 0 0 0 0
v 1.82 -1.13 -0.76 0.48 -0.54 -1.09 2 0 0 1 0 0
Vi 1.51 -1.61 -0.92 0.54 0.12 -1.54 2 0 0 1 1 0
I 2.0 -0.98 -0.65 0.51 -0.45 -1.03 3 0 0 1 0 0

HERSTLEN, As 1, 8 1.51 ~2.02, 15 EHH2 -3 &;Cu iy I, -1.13 ~ -2.38, 5 E 5N
0 G;Zn i I, -0.71 ~ —1.28 J5RBHIH 0 F;Cd B [, 0 1.34 ~ —0.28 355 B 1 -2 F;Pb i [, 0
0.12 ~ -0.54, 155+ 1 % ;Hg By I, 8 —0.67 ~ -2.25, 754 % 5| 0 k. NEBAFEHLBRERN R/
FFh As>Cd >Pb >Zn > Cu>Hg NINHEBERSRBIHIEENMNAF A I > > 1 >W>V>U>N,
2.4.2 BEAESNEIEH

AR Q) ITEREGR, % 4 VENRERTEN 2R I0E 9,

£9 KINARMBEFEHTPYEREHRNEBEEES ST
Table 9 Factor of contamination and the potential ecological risk factor in Changjiang Estuary

W bt g C} Factor of contamination WAEEASTEEFE Y Eir Potential ecological risk factor Rl
Group  Ag Cu Zn cd Pb Hg As Cu Zn cd Pb Hg

I 0.88 0.82 0.86 0.43 0.93
0.99 0.90 1.01 0.30 1.07
1.07 0.86 0.95 0.27 1.07
0.95 0.42 0.68 0.14 1.02
1.01 0.87 0.95 0.23 0.79
0.81 0.63 0.85 0.24 1.25
1.16 0.96 1.02 0.24 0.84
6.87 5.46 6.32 1.85 6.97

.39 8.83 8.17 8.65 4.36
.38 9.92 4.50 1.01 9.14
36 10.71 4.3 0.95 8.20
14 9.51 2.12 0.68 4.35
28 10.12 4.35 0.95 6.92
24 8.15 3.15 0.85 7.22 23 9.56 35.17
30 11. 66 4.81 1.03 7.14 18 12.04 40.86
.09 68.9 31.4 14.12 47.33 39.55 72.18

36 3.92 43.29
.35 15.36 45.29
35 14.32 43.83
11 5.63 27.41
97 11.35 37.68

ME S < =285
S
o N
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A/ TRIOKMEREZZINRY P SHESB N LREH. RiTEREN, BEERERY$
HEE PbAs Fl Zn TR EER, BRI BR/NIF & Pb > As >Zn > Cu > Hg > Cd,Pb 1 As B FEIFH
HHE T ERERRN ESBRKE Cd f Hg, Hig B89/ T 1B TSI KF . sdm RN ™E
REIDI>IM>VI>I >V>VI>N,

HE I AHNBAANBES BB EESAERBYNEZANES BB EENAEREEN KO KL%
BRENRYHTNESBXIEFESRENEAASAEERY, KRB EAES A EREINT 2 Hg > As >
Cd >Pb >Cu >Zn,Hg . As REFEEAASNEEF; HNEEASNRERFFEI>T>1T >W>V >
Vi>IW,

KILA KA EERENRYP REEBEL BRI ARE SHEFASAERE T HEE —ENA
—¥H, RN REHRES BRI RPN EAEE SHNBEESRENEBEAAN B EREHES S, 15k
LHRBIRY P ES BN IRE
2.4.3 ETHYBNEERITEN

RIEFR 5 AERBERE , AT R S REST T 228, 3BT E TESBAEAFEAEYR
o7 R B Rl N B AR LR RS R L3R 10,

F10 KINRMPBHESRESREYHEREEENNZELE
Table 10 Heavy metal concentrations in different biological effects occurred within the scope of probability in Changjiang Estuary( % )

yhe Hg As Cu

Group <ERL ERL-ERM >ERM <ERL ERL-ERM >ERM <ERL ERL-ERM >ERM
I 100(6/6) 0 0 50(3/6) 50(3/6) 0 73(5/6) 17(1/6) 0
I 100(6/6) 0 0 20(1/5) 80(4/5) 0 80(4/5) 20(1/5) 0
1| 92.7(11/12) 8.3(1/12) 0 17(2/12) 83(10/12) 0 92.7(11/12) 8.3(1/12) 0
v 100(6/6) 0 0 50(3/6) 50(3/6) 0 100(6/6) 0 0
A 100(8/8) 0 0 12.5(1/8) 87.5(7/8) 0 100(8/8) 0 0
VI 100(5/5) 0 0 60(3/5) 40(2/5) 0 100(5/5) 0 0
VI 100(5/5) 0 0 0 100(5/5) 0 100(5/5) 0 0

(m/n)ym RFEBLEAREY IR ETEENRER S, » RELSTHNEREER  (m/n)m representative fall on different biological effects of the

concentration of a few samples,n representative of the total sample

B3 10 WA, K VLA KL AR IR A- R S 1Y Cd. Pb.Zn FEUEHET ERL, 683X 3 Mon R X4
Y5 T RN A s Hg \ As , Cu 7R3 4H IR BB 2 FB8 T ERL, 35687 6 i3 & J& 783k 41 VI A ¥ 1 97 T 380
A%, Hg.As.Cu =FpICERTE WuG4H A T ERL F1 ERM Z A5 JLE 2712 8.3% 80% \20% , LB E & B Xk
IR RNB/RELE , SHE 6 N Uk E, W I AR A TR B E. TE4REECRFE A, As 7 ERL
1 ERM Z JAl i & AR JLREK, BB KER MmN As S8 S 3407 A SR AU o

SGAMMER, KO R AR RE T AEYBN K ENTIIRYREFRIFFHII>VI>NV >V > 1 > 1
>,
2.4.4 =FFEEN SRS A 54 YE N TE

LA 3 MM TR ATTME R TR, KL O KRB 3R 5t el 72 As, T EEBEESRER
T2 Hg As, As fl Hg AR AT E SIEHIXE . TIRYIREFNED 3 FE S RB s R a8 N >V
SV>SU>T>M>T.V>VI>V>U>TI>M>T VM>VI>N>V>T>T>I,BERE25,BHRE
B X IE AR B R EN X 3 i TR R R R 3, BV VIR 88T, whd I T, 4
=, MgV, VA RERE,
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NIRRT 45 2R, 55 [ 3 B9 R AR 3 4 e ST L

12 = ¢ H¥EH Shalmon—Wiener index
Bo RETHE, X SIHR BRI RE 1S Lo | e et
O TR, L S R LA 2, 0.8 | @ W Biomass

M 2 TTLUE M, 5 20 VI, VIR JRATS A Wy R o 45 1

HESH
Macrobenthic community parameters

0.6
BB 2k MR FORR AV .V A T 04
T A YR G R0, B R B R, 55 02
3R 3 BRI AR .
3 iT‘H:ﬁ 34l Group
(1) B 8B 00 3 A DA 4 3 3 R RN O
L, IR BB B A B EE Y B2 RILAERARMEGHRESNSN

Fig. 2 The macrobenthic community parameters of different station

RO T P R vk T 3R A % I kA B U 5 B A ok
Fo BN T REAE —ERNE SR ST 18
BHTVRYE S BRSSO, UEREA T, AL, PN AR EAS LB,

(2) AR A BRI E0E EE A SE F 18 HOE FIA YRR B vk 3 M7k , XHRIT O R B 48 %3
HAESINRREHATIE . 3 TN AN T & A DB F IR T A 0 R R , R = 1
DU T AR AR I

(3) i FOKERSETLAR TS BB M R R P S BR B B 2, 8 AN IX SRR B RE S R IR S 24
HY AR E A T] R R H A BRI AT . SR AT E WK ESRERTESH R REM, TE5| &
B BB, BT 4
4 4Hig

RV O K SRR 7 o 7 A K38, B4 IR B B B K 3 VB LR o T A M REE 45
RPAE 5 R AR R AR R0k B FR RO A YN R L 3 Fh 7, AR BN 3 MR T IA 8 i
SRBEFR-FGAERBIVRYMBNNESRT , He TR = RPEEERE B, REE SR IURI = R )
R BRI, 25 B 2R 25 IRV e SR R B ARV Hg > Cd > Cu > Pb > As > Zn; WULRYIS JLIRELKRE , KILH
BT B BTN N ES BT RKFER, BT HREES, K As BRBRER ;3 FARK P
7k B45 RN R) 0 B SR A A W ReE Vs S M 7 B AR — B, BB DA A LR X LR R BB, KT A O
M BRRE A AN SR TR Y RE B ZE.

groups in Changjiang Estuary
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