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FE . i 2010 4EXTVLIR AN AR BELR DI RS2 PE X R IZDIRY) H B 4 J8 Cu, Zn, Pb, Cd, Hg, As & iR A 534, W HH b BT 3R
FFEEL (index of geo-accumulation, ], ) X £ BB ICR MG QOIROLHEST TP 45 RERIIE GRS 73 3 28:Cu, Cd, Hg
Tof5 9 Ph. As A ~ {55 Zn AP GG RIS PR EENUT  Zn > As > Pb > Cd > Cu > Hg. HRJ TTAW) 5T ik A v
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VELEAE RO . BEME BLPTAY (toxic unit, TU) 25 SRR CH 1 ASSRAESG B B B 1 Sk s, AR X a4 W e
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Analysis of the Source, Potential Biological Toxicity of Heavy Metals in the
Surface Sediments from Shellfish Culture Mudflats of Rudong Country, Jiangsu

Province
LI Lei, WANG Yun-long, JIANG Mei, YUAN Qi, SHEN Xin-qiang

(Key and Open Laboratory of Marine and Estuarine Fisheries Resources and Ecology, Ministry of Agriculture, Chinese Academy of
Fishery Sciences, East China Sea Fisheries Research Institute, Shanghai 200090, China)

Abstract: Concentrations of six heavy metals were measured in the surface sediments from shellfish culture mudflats of Rudong
Country, Jiangsu Province in 2010. The geo-accumulation Index (/) was employed to evaluate the pollution level of heavy metals and

geo

the results showed that the heavy metal contamination could be divided into three groups: no contamination (I ), as in the case of

geo
Cu, Cd, Hg; light to moderate contamination (0 </, <1), as in the case of Pb, As; and moderate contamination (1 <1/, <2), as
in the case of Zn. The pollution level of heavy metals followed the order of Zn > As > Pb > Cd > Cu > Hg. The potential biological
toxicity was analyzed using sediment quality guidelines (SQG) , as the guideline values, Cd showed no potential biological toxicity, As
showed occasional potential biological toxicity in all sampling stations, Cu, Pb, Zn, Hg showed potential biological toxicity in some
sampling stations, whereas Zn was the only one showing frequent potential biological toxicity in some sampling stations. ZTUS

revealed that only one of the sampling stations showed significant acute toxicity, whereas the others showed no acute toxicity. Analysis
of heavy metal contamination source through principal component analysis (PCA) revealed that the contribution rates of the top two
principal components were 37. 56% and 33. 71% , respectively, indicating that the two main sources of heavy metals were industrial
waste water and pollution from transportation and shipping.

Key words: shellfish culture mudflats; heavy metal; index of geo-accumulation; sediment quality guideline; principal component

analysis
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AW FE LAV I3 0 AR oA D1 28 37 58 XA S iF 5
XA, il 2010 47 5 X U0 7R TR D16 FR 00 IX 3R
FUURRY 6 v 43 & IR A 40 A B, A b s
FFIE L (index of geo-accumulation, /,,) . JLFY)

4 J& JiT & FEHE (sediment quality guideline, SQG )
3N T DR R E X 3R 2 TR vh 4 R 1Y TS
YK BB XU B BT A B, R iz ] 32
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Fig. 1 Distribution of sampling stations
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KA B TR oy Bl 5256 5 8 T8 XUk
Wit , R BR A FRLITURL I | FH 2 B iAo LA -
ZHBIEE 160 H i, 78531 5 J5 BURE DU & . A
AT THE4JE Cu, Zn, Pb, Cd, Hg. As (7&K

30T, Pb, Cd FH A 85 4 i W 0 43 6 't BE AN
FENT S Cuy Zn LUK ST W43 06 0 BE 2 R
He HIW TR ™ As DUR T 7661k
M GO R S BESCER 20 ). it AR
PAEISE 4 HE — bR e ) 5T ( GSS1-CSS8 ) o Joit 4% bk
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R AR 222 <5% .
L4 R s 5PN Ik
L 4.1 HGERAs o
Ry T B e T A 1 Y A 1) I Sh AR Y
KN H , AT A B ( coefficient of variation ,
CV) TR NV RS 1, 558 A 24
EN U
CV = S/ X (1)
L, CV N ERZE; S FoRgEL BT
FURIPRUEN 22 3 X 3 7R 45 T 42 I8 2 508 [ 3 91 14 °F
H{d.
1.4.2 EHEEIEE
Miiller' > $ HY 1) b B 2 FR3E % (index of geo-
accumulation, /., ) J&—FIAIFFE K B4 DAY vh T 45
JER 15 YL AR bR, ) ] TR TR b
GBI YRR PP Y AT
I = log,[C,/(k x B,)] (2)
K, C, BHRICK n VIR ) & & (F5 B 1L,
SHME) 5 B, RGBT (HIEE v ) ThiZot R
AIHLERIL A Sl b B IERS A A 2R T e
5 SE A S ST R —IRE D 1.5).
1.4.3 DUBWIE &) 15 Y e A stk
ORI B e (SQG ) AL T AR Wy R0 B dle g
( the biological Effects database for sediments,
BEDS) " 2 S (1 # B DB B 4 R 1
BEPERONE , e 1T Y B o IR A A ) RO B a4 oh
15% B9 4 B2 AE R 800 75 FELRAE (effects range low,
ERL) ,50% {4 2 A O 28018 3 Rl B T (L ( effects
range median, ERM ). J- 2% & “ Jo A 9y %0 5540 511
50% B ¥ FE{H (no effect range median, NERM ) Fl
85% W& J& By JL ] ¥ ¥ {H (no effect range high,
NERH) #i & s 5% b #& ¥ ( threshold effect level

TEL) Fl0b 88 34 W ¥ B2 ( probable effect level , PEL).
35 Yy rh HEAD E A R 1k BEAR T TEL I, IR E
TR D FE RN L A KA 15k = T
PEL I, W PEAE AR W) S5O0 R0 Bk A g 1
0] TR A W FE RO 2 R KA

Pedersen 25775 OB 40 o 5 35 vf A S Al 1 ik
— kR T BRI (toxic unit, TU) 5, B
PR SR RE W 0 27 v B 5 O 0L Y PEL
A2, B Z R D TUs ) R RAEH 4R 1Y
LEETEAE 2 VEREE IR B X Corophium volutator 1)
HEREHEIRES IR D TUs <4 BFAT IKEN TG
T, D TUs >6 BFRVIHA 2tk
1.4.4 EWISHT

F 43438 (principal component analysis , PCA)
TR EEOP R o T ik IR R RE S
AR AT, RN 2 S AN TEAR B, Aok J R
PR, 77 R 1Y D BU LA B A8 ok i KRR
J3E b 2 W B ke Ak 22 A8 i 1Y) 728 Ak OC F FIAH BLAE oG
R OGN T R R Y AR S
IR IR
1.5 Bdlasrdr

BG4 ok ] SPSS 17. 0 3 A, ff
R R 7 2255 Wik (ANOVA) HEA T4 1] 25 5 (i 3%
PEREZSR , P <0. 05 Fn AT 5122 5.

2 HRE5H

2.1 RIZVIRY D EE G &8 Lor

1 NI W RELR DU FRA X 9 AN RAF G
NRIZVRYI T & S m T RS 5 KA Ol , 25 5k
JVA 1 I e e A 2 20 W T B T K s ER g A £ )
S 2R . Culg12. 22 ~42.34 mg-kg ™'\ Zn

F1 REARM SRR/ mgkg!

Table 1 ~ Concentrations of heavy metals in surface sediments/mg-kg~

1

eV

fgm

Cu Zn Pb Cd Hg As

1 42.34 1330. 34 59.17 0.52 0. 054 19.52

2 28.12 416. 17 10.91 0.17 0.016 16.93

3 13.36 658. 21 17.53 0.21 0.036 21.41

4 31. 11 156. 15 58.41 0.44 0. 160 19.94

5 27.28 190. 35 17.13 0.24 0.217 16.12

6 12.22 195. 31 15.36 0.31 0.251 14.11

7 14.19 170. 52 56. 11 0.51 0. 164 16. 64

8 14.71 678. 46 60. 24 0.56 0. 064 17.63

9 15.42 179. 26 50. 82 0.45 0.152 21.24
SEHE 22.08 441. 64 38. 41 0.38 0.124 18.17
bRz 10. 55 393. 88 22.22 0.15 0. 084 2.49
Ccv 0.48 0. 89 0.58 0.39 0. 677 0.14
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. ~ . meg-ke | . ~60.
A 156. 15 ~1330. 34 mg-kg™' . Pb 24 10.91 ~60. 24

ARERRIGRYN 1, , RINR A E R e R

mg-kg ™', Cd #0.17 ~0.56 mg-kg™', Hg 7 0.016 23 §H{E (R 2)iHEaESBISRWI 1 1ER
~0.251 mg-kg™'. As gy 14.11 ~21.41 mg-kg™'; M.

KESEN T EAEDFE2ZSR (ANOVA, F =
10.549,P <0.05) , &% S5 J& Zn, N (441.64 =
393.88) mg-kg ™', FefKJE Hg, 4 (0.124 +0.084)
mg-kg .
2.2 REVURY T E SR TS YT

5T BRI (1., ) EAMEE T A i 3%t
IR T ELA 25 BB BT E AR e 1R AT R
Sy RESEEN AR, ZTURY P E SR §
PR I —A LA R0 5 1 2 AE N b i R
TRV A JE 1 75 YRR py ek AR h R G S
T S B E Y W H R 2R 4
JRICR I E AR T Sl B R T X R
TR = s 3 G B e A B S N TS )
D b S B 5 DX 3 1) ST B 17 100, A 5 R R itk 48 0F
FER BT AU & 4R 1T Sl (K 2) it

HRAE Miille ™' XU P o FR B8 B0 Hebn e 5
TG YRR 2 B A O R I X, Mo i RS
TANEY BN 0 ~6 G, FonT5 Y TR th JC B MR (=
3). MR DS FR5H X R Z DU 4R B SRR 4
B P BTR LS RN 4 P, LA [ flise i0s
FEEE N R ENESEIGYREETR 4 2. Cu
JTeT5Ye; P, Hg A ~ Joi5 4 Zn Shyrf 35 4L,
Cd, As Nk ~ rhi5 gy MAYTS YL g 8 T ~ ok
B BISYFEEITF N As > Cd >Zn >Ph > Hg >
Cu. UK U &R VE S S BN E 4R 15 Y
FEREFAT43 M3 25:Cu, Cd, Hg HTCI5Y%; Pb, As A+
~ Je{G Y s Zn NP EETG Y BAR FIS YRR R TG ~
hiE EAE TSR EF A Zn > As > Pb > Cd > Cu
> Hg. 8K, ANHTATIA , >R A [R) ) 5 4 1 S B0 Hhy
FRHRBA A —EFERE RS20,

£2 WHUEERE me kg
Table 2 Geo-chemistry background values/mg-kg ="
HBERE M Cu Zn Pb Cd Hg As
i Bl U 38 86 15 0. 055 0.08 1.9
AL U s 1 M 30 80 20 0.5 0.2 10
x3 WRERBHSSEEE
Table 3 Index of geo-accumulation and pollution level
YRR B B ~ 5 bt i T o~ &
YR 1., >5 5~4 4-~3 3~2 2~1 1~0 <0
1., 7% 6 5 4 3 2 1 0
x4 RETRYHESEHRBIERMRBIERIR
Table 4  Index of geo-accumulation (/) and /I, classification of heavy metals in surface sediments
Lo
RERERE Cu Zn Pb ] Cd Hg As
Hh 7 T -1.37 1.78 0.77 2.20 0.05 2.67
KO PR R w5 R H -1.03 1.88 0.36 -0.98 -1.27 0.28

2.3 REVIBYHE SRS Y e A P KU

ORI Ak 27 43 BT B SR B AR G- . T i etk
O (BN BE WS G 1 AR 0 R00; , B A, 7E B 5
PRSI ECRE I, 0 FH 6 A= P R0 H5 s 13 1 TR
Jo e L v AT AR S Y ORI 0 A M, A
T 56 3]+ 5 2 5 | 7 56 e A AR AR TR A DX 3, SR PR
OB rh 5 4 Ja V5 e i A 25 FE 1 XU AR 4 o
R EE SN,

FRMEVR DA X R 2 TR b 45 3 07 T 4 JE &
(R 1) SO R ETR TEL, PEL(K5) 1Y

A RN 6 Fios , Hor Cd FE4 b A7 1) & /L AR
T TEL, T FEAE D B R A0 5 As FEAS 07 19 7 i
B14rT TEL ~ PEL Z [8] /R WA Yy 5 R
55.56% vifpi i) Cu % i, 44. 44% W04 Pb & i
44. 44% i He & &R T TEL, TR 7E A W 5tk
BN 5 44, 44% v i) Cu 25 | 55.56% WY Zn
i, 55.56% WY Pb & 55.56% i [ He
AT TEL ~ PEL Z[8] {5 2R V7 A W) 52 1 3L
Ny 6 FhE A JE A Zn & &S T PEL, &4 L
RN A4 449 | FEH] Zn Nk ) 0 VA PR RN A
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DRI S s e W & &5 T TEL B K2
FE o RN, & 2= T PEL B, &7 A AN
(SRR . [ 2 JEFRFEIX 9 AN SRFE ] K2
DB P E AR TU A D TUs i, AR %, 1 5
KBRS A W SR D> TUs >6), H
> TUs {EFEEH Zn 5Tk, 5 138 Zn XHAEY R RE1E
BRI S e — B0, HeAR A D TUs (/N T
4 FEARRENF KA AW = A SRR

G54 FRIE X R Z VUMY P 4R 0I5 YL R
(3 4) 5HIBAE Y HPE T LUE 1, P& 145
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TLH Cu Zn Pb cd Hg As
TEL 18.7 124 30.2  0.68  0.13 7.24
PEL  108.2 271 112.2 421  0.70  41.6
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Table 6  Potential biological toxicity of heavy metals
in different guideline values occurred within the scope

of probability in different sampling stations

oy ARG A ) S A TR
<TEL TEL ~ PEL > PEL
Cu 55.56% (5/9)  44.44% (4/9) 0% (0/9)
7n 0% (0/9) 55.56% (5/9)  44.44% (4/9)
Pb 44.44% (4/9)  55.56% (5/9) 0% (0/9)
cd 100% (9/9) 0% (0/9) 0% (0/9)
He 44.44% (4/9)  55.56% (5/9) 0% (0/9)
As 0% (0/9) 100% (9/9) 0% (0/9)
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Fig. 2 Potential Biological Toxicity of heavy metal
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Table 7 Main calculation results of principal component

analysis (PCA) in this study

WiH PC1 PC2
Cu 0. 61 0.71
Zn 0.85 0.16
Pb 0.17 0.98
cd 0.04 0.98
Hg -0.87 0.11
As 0.62 0.25
FRIEAE 2.25 2.02
TR/ % 37.56 33.71
Rt otikR/ % 37.56 71.27
1.0k Cd pb
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[+]
He Cu Zn
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Fig. 3 Loading plots of heavy metals in the space

defined by two components
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