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Impact of Coastal Exploitation on the Heavy Metal Contents in the Sediment of

Bohai Bay

QIN Yan-wen'?, ZHENG Bing-hui'*, LI Xiao-bao'>, ZHANG Lei'*, SHI Yao'?, CAO Wei'”’

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing, 100012, China; 2. State Environmental Protection Key Laboratory of Estuarine and Coastal Environment, Water Research
Institute, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: To explore the trend of the changes in ecological environment caused by reclamation and the situation of heavy metal
pollution in Bohai Bay, the contents and spatial distribution of Cd, Pb, Cu and Zn in the surface sediments of Bohai Bay were collected
in 2003 and 2011 and studied. The BCR three-stage sequential extraction procedure was applied to investigate the speciation and
contents of four heavy metals (Cd, Pb, Cu and Zn) in the surface sediments of Bohai Bay in 2011. The bioavailability of these four
heavy metals was also determined preliminarily. Besides, the pollution level and potential ecological risk of these elements were
evaluated using the potential ecological risk index and sediment enrichment factors. The results indicated that the contents of Cu, Cd
and Pb in the surface sediments of Bohai Bay in 2011 were higher than those in 2003, indicating an increased level of heavy metal
pollution. The distribution of Cu, Zn and Cd showed essentially the same pattern, all with higher content in the central area of Bohai
Bay. High content of Pb was found in the estuarine, the central and southern area of Bohai Bay. There were significant positive
correlations among these four elements. The results indicated that these four elements probably had the same pollution source. Cu, Zn
and Cd were mainly found in the residual fractions, whereas Pb was mainly found in the reducible fractions. The bioavailability of these
four metals is listed here in descending order; Cd > Pb > Cu > Zn. The comprehensive assessment results showed that Cd was the
primary element with high ecological risk while Cu, Zn, Pb were the minor ones with relatively low risk.
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Fig. 1 Locations of sampling sites in Bohai Bay in 2011
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Table 1  Parameters of heavy metals in the surface sediments of Bohai Bay/mg-kg’l
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Fig. 4 Spatial distribution of Cu, Zn, Cd and Pb in the surface sediments of Bohai Bay

2.3.2 REUHYESRS &5 Hb TN

2% 2 A TS R Z DTk S Ph &
R R EMEIEAEC, 5 HAb 3 FhEE 4R A SRR,
VLA ORI BE X T g R 2 ViR o P 15
WO A —E . GRS Cd Z 2B
EPEIEARSE, B ML & it 5 Cd FEK IR Y
TPV R R, Fe 5B Zn Z MY H B4 E 4
JEICE AR WE M IEA OC, Al B Pb 2 B3 IE
AHOE, Mn 5Bk Cd Z A H B 8 4w 24 5 2 v

FHIC. 6B Fe \Mn #H 7] BB 1% E £ & T £ 10 3
T B AR, 4 PP EE 43 )8 (Cd . Pb . Cu.Zn) A1 H Z [A] ()
FHOCHEAE & B & Ul B T e AT ] g 32 DURRAE F 52 il
I AL S A AR
2.4 BT EEGRESEITENIES ST
NS A R IE A A RE AN B 5 R, 45
HE4EN Bl B2 B3 &S a AN, BIAS 2 & Fh i 4
JRATIRBCS BN R RECS E 4R & B
ST ], R RN S SR R DU T 45 &R
H A= 1A B RN,



2364 woom B % 33 %
F2 2011 FHBENRYHUERSELE ZEBMBE XS
Table 2 Correlation matrix of geochemical characteristics in the sediments and heavy metal contents in 2011
krih it Cu Pb Zn Cd AL Fe Al Mn
Wb 1
L -0.145 1
Cu 0. 087 0.253 1
Pb 0. 105 0.405"* 0.411" " 1
Zn 0. 044 0.250 0.642% 0.512** 1
Cd 0. 156 0. 198 0.616" " 0.458 " * 0.473** 1
AL 0.275*  -0.083 0. 247 -0.119 -0.109 0.355"* 1
Fe 0.407** 0.268 * 0.497** 0.321° 0. 196 0.486" * 0.692* * 1
Al 0. 100 0.302 " 0. 189 0.408 * 0. 191 0.223 -0.033 0.324" 1
Mn 0. 089 0.597 " 0.268 " 0.624"* 0.462" " 0.173 -0.283" 0.259 " 0.533" " 1
1) % FI/RP<0.05, % = F/R P<0.01
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Fig. 5 Speciation of Cu, Zn, Pb and Cd in the surface sediments of Bohai Bay in 2011
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Table 3  Relationship between enrichment factor and pollution levels
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Table 4  Kgpp of the heavy metals in the surface

sediments of Bohai Bay
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Cu Cd Pb Zn
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Table 5 Dividing standards of heavy metal pollution and the

potential ecological risk levels
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Table 6 E; and RI of heavy metals in the surface

sediments of Bohai Bay
E.

Wi H - RI
Cu cd Pb Zn

BOF¥IE 593 52.87 7.01 1. 06

69. 06

AN EEBBEAESEEREE, 0T,
SR Z VR I EAE S G E R RN ESE N
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H, . Cd B, B, o i v 22 2 DA
Yy cd T LA E AR

3 g

(1)2011 4IRS 22 2 DR B B 2 N 2k
T, AR B F 4 E D 14. 98 wm. A B
SEHI S EEN 0. 85% %5 2003 AEFSA R . 2011 453
JZUTEAI T Fe Al Mn 1 & 5355 2003 4F 35 i A7
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SR A TS IR E AR A, Cd 1Y
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AN HE SRR AR &, Cu Cd Pb 1Y
L 2003 5.
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23 [A] 43 AT FUARARRL, e (8 DX 34 4R e i v 1 vh
. Ph 11 e A DX S AR P 7E i T 1 A 1 Ak
RN R .

(4) SR ZVIRY) HE 48 Cu Zn Cd F
BRI S, P EE LI IR RS 7, H
o Cd TR BCS B AT T . S AR
FEFE R B RN ¥ o8 Cd (96.30% ) > Phb
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& I8 TCE AR S B R )

(5)2 FPUUAY) 4R 15 YL PE-o 7 2k i 45 5 2L
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