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Fig. 2 Flowchart of the procedures for sequential experiment
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Tab.l Sediment background concentrations( C! ) in Bohai Sea

and toxicity coefficients( 7 ) of heavy metals

Cu Pb Zn Cr Ni Cd

(o 25.6  16.5 74.6 49.0 32.4 0.11

T 5 5 1 2 5 30
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(Shepard, 1954),
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Tab.2 Indices and grades of potential ecological risks of heavy metals
E! RI
E! <40 RI<150
40< E! <80 150<RI<300
80< E! <160 300<RI<600
160< E!. <320 RI>600
E! >320
45%  44%, Cd
(2011)
) Cd
(34%) )
, Cd
(2.0mg/kg),
(5.0mg/kg), Cd
( , 1996; R
2008)
Cd Pb
Cu Zn, 36% 20% 15%
3 >
Fig. 3 Shepard classification of sediment types in the Pb Pb
functionalzones in Bohai Sea 48% 40%,
35%, Gao (2012)
2.2 Gao  (2012)
s Fe-Mn
4 ]
4 , Cd (Calmano et al, 1994; Ramos et al,
(27%—66%) Cd 1994)
) Ni ,
42%  35% , Cd 8%
50% Gao (2012a,b) (2012) s% ,
cd .
Cd Ni
, ; (
(Fan et al, 2002) , 7%—9%),
, Cd(Qin s
et al, 2006) , Cd ,
(30%—48%), Cr
5 pH R 96%—98%, (2012)
(Pardo et al, 1990) Cd Cr s Cr
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; ; 40,
( , 1985; , 1992) 40,
, 4 , Cd
5 40< E! <80,
E( 4 9 E
, Cu Pb Zn Cd>Pb>Ni=Cu>Cr>Zn,
Cr Ni E 40, ( ,2012; ,2013)
(1985) (1992) RI
( 4, . Cd 150( 4 5), ; 4
40< E' <80, RI
F3 PHEVMEXTRYNESERESSHEXEST
Tab.3 Correlation matrix of sediment grain size and total metal concentrations in functionalzones of Bohai Sea
Cu Pb Zn Cr Ni Cd
Pb 0.94%*
Zn 0.93%** 0.91%**
Cr 0.87%* 0.88** 0.84**
Ni 0.87** 0.86** 0.84%* 0.91%**
Cd 0.76%* 0.81%* 0.73%* 0.76%* 0.68**
—0.65** —0.71%** —0.68** —0.63** —0.65%* —0.66%*
0.46* 0.52%* 0.49%* 0.45% 0.48** 0.52%*
0.83%** 0.88** 0.84%** 0.81%** 0.80%** 0.76**
ok P<0.01;* P<0.05

x4 REMBVEZREVSUHWEEAT. BEETSKREERENEZERERESRIRD
Tab.4 Toxicity response factor, and index and grade of ecological risk of heavy metal pollution in surface sediments (The background
value references shown in Tab.1)

(E) D)

Cu Pb Zn Cr Ni Cd

10.7 10.6 1.9 3.7 8.7 49.6 85.1
6.2 8.1 1.3 3.0 6.3 443 69.2
5.4 7.6 1.3 2.8 5.4 39.2 61.6
33 6.1 0.7 2.4 3.7 35.8 52.0
4.4 6.5 0.9 2.4 4.6 41.4 60.2
2.3 5.0 0.6 1.9 2.8 28.7 41.2

F5 RXEMAYECREEYSHEMNEET. BEESAEEEEANERER(ERESRRIESEE)
Tab.5 Toxicity response factor, and index and grade ecological risk of heavy metal pollution in surface sediments
(The residual content is considered as the background values)

(E)
RD)

Cu Pb Zn Cr Ni Cd

7.0 10.6 1.3 2.1 6.4 66.4 93.7
5.9 9.3 1.0 1.9 6.1 72.0 96.2
6.6 9.7 1.4 1.9 7.3 67.7 94.6
6.0 8.2 1.0 2.1 6.4 49.3 72.9
6.2 8.8 1.1 1.8 6.9 65.8 90.7

6.7 6.9 1.3 1.8 6.5 40.9 64.1
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GEOCHEMICAL SPECIATION AND ENVIRONMENTAL ASSESSMENT OF HEAVY
METALS IN SURFACE SEDIMENTS INFUNCTIONAL ZONES OF SOUTHWEST BOHAI
SEA, CHINA

WANG Xiao-Jing, LILi, GAO Jing-Jing, LIU Ji-Hua, ZHANG Ying
(First Institute of Oceanography, State Oceanic Administration, Qingdao 266061, China)

Abstract
discharges, Huanghe(Yellow) River estuary and wetland) in Bohai and Laizhou Bays. BCR sequential extraction method

Surface sediments were collected in six functional zones (a seaport, aquaculture facilities, wastewater

was used to analyze the geochemical speciation of several metals (Cu, Pb, Zn, Cr, Ni, Cd). Results showed that, all the
studied metals except for Cd were dominated in residual fraction. The acid soluble fraction was the most abundant form of
Cd. The ratios of secondary phase and primary phase (Kysp) were used to assess the pollution status.The Kgrsp value of Cd
was the highest, followed by Pb. The Kgsp values of the functional zones were in the order of Xujiapu mariculture field>
Kenli mariculture field>Tianjin Port>>Dagu River wastewater discharging zone>Huanghe River estuary & wetland>Mihe
River wastewater discharging zone. Meanwhile, the total (bulk) metal concentrations were also analyzed, and the potential
ecological risk was evaluated using the Hakanson Potential Ecological Risk Index. The results indicated that: 1) Cd had the
highest potential risk, and the order of metal potential risks to the environment was Cd >Pb>Ni=Cu>Cr>Zn; 2)The
potential ecological risk of all functional zones were minor. In general, the potential ecological risk of functional zonesin
Bohai Bay was greater than in Laizhou Bay. Combination of the two assessment methods has explored the speciation,
mobility, and potential ecological risk of those metals in the functional zones in Bohai and Laizhou Bays.

surface sediments; heavy metal; heavy metal speciation; Sequential

Key words Bohai functional zone;

extraction method; pollution evaluation



