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Variation Characteristics and Potential Ecological Risk Assessment of Heavy

Metals in the Surface Sediments of Bohai Bay

XU Ya-yan', SONG Jin-ming’, LI Xue-gang’, YUAN Hua-mao’, LI Ning’

(1. Key Laboratory of Marine and Estuary Fisheries, Ministry of Agriculture, East China Sea Fisheries Research Institute, Chinese
Academy of Fisheries Sciences, Shanghai 200090, China; 2. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China)

Abstract: The geochemical characteristics of eight heavy metals (Cd, Co, Cr, Cu, Ni, Pb, V and Zn) in two sediment cores from
Bohai Bay, North China, were studied. Sediment samples were collected from 27 stations in spring 2008. A sequential extractions,
procedure was used to gain their fractionation information. Five operationally defined fractions were obtained by this protocol, i. e.
exchangeable (L.1), bound to carbonates (12), bound to Fe/Mn-oxides (L3), bound to organic matter and sulphides (14), and
residual fraction (R5). Combined with ecological risk in total contents and fraction, a series of results and viewpoints with regard to
distribution characteristics of heavy metals were presented, as well as ecological risk and controlling factors. Heavy metals in sediments
were mainly concentrated in the middle region with fine particle. The distributions of V, Ni, Cu, Pb, Co, Cd were mainly controlled
by nature source, while Zn and Cr can be easily impacted by environment or human input. Coming from atmospheric deposition and
riverine, Pb was different with other heavy metals. Sequential extractions suggested that V, Zn, Cr were mainly composed with residual
fractions, while Co, Ni, Cu were dominated by labile fractions. The percentage of labile Co increased from inner to outside, labile Ni
reached maximum at station A3, labile Cu and Pb concentrated in the middle of Bohai Bay, while Cu achieved maximum at station D1
near Yellow River. Labile heavy metals were enriched near the estuary of Haihe River. The order of enrichment factors (EF) of heavy
metals was Pb>Cd >Zn>Cr>V >Co>Cu>Ni. And the EF of Pb, Cd and Zn were above 1, suggesting that they could be polluted
by exterior input, while the sediment quality was relatively good in general. The ratios of labile and residual fraction showed that V and
Cr were clean, Zn was partly in slightly polluted, Co was mostly slightly polluted, Cu was from clean to moderately polluted, Ni was
polluted from slightly to heavy, and Pb was polluted heaviest in all heavy metal. In conclusion, V, Cr and Co were clean, Cu and Zn
may be polluted, while Pb was polluted heaviest.
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Fig. 1 Locations of sampling stations in Bohai Bay

1.2.2 JEESH
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T 1 6] SN ) SE T T vh R P X R 4R vV
TESNEFE 10 C B IAD 8 B (DX, /ML T B )
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mg-kg™") , R 97.27 mg-kg'. Co Ni Fll Cu FJ
(B DX A TV T 11 1 C T , A ] AT 11 BT
4 D I I 75 B, P48 & i o 15,55 39. 99

(2)

H135.32 mg-kg~'. Pb Fl Cr 7E A2 34 IR RAE, 43
A 48. 18 mg-kg ' 1 91.26 mg-kg ", i Hifth T 4>
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ZiS R T A g e S I < = s o[ )
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mg-kg ™', B Wil Bl ~ B4 SeH 5 REAIG, SF 35 & &
$70.30 mg-kg ', 5 J5 A I EHE AR E i)
SIEM S RIFECA RIS, HE 4R &fKr
A AR T V0 3k T Y T o 4 S T
AH L A I VS 1Y) B 4 A2 3 B I X W R B 45 A 1R
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WS R IZ DO R EE AN 1 R, thing 11 B
I BT g PR BT IR R i ik
BT BB W Z . R R DU X B LR
DU DXL R 2 3 W 0/, By 0 R 5 o 40 ¥ 34
%.V .Cr.Zn Co Ni Cu .Pb Hl Cd B {H X #K 5 1#
TRV T S DX IR R 0 B B A A AR — 3k, S5RP
SYATAR L. AR MR AR AR AT B ¢ T 3R R 4R
B AR T EAe R SRR IX 1
J DX AR REAIE. SR T K 200 SR 1) i 6 22368 1 F 2 5%
) 43w AR BRI FR T Ph R AOR IR A 23K
HoAR R E H BAE A2 Sl TAS 2 5 R Al 1Y) AT A

F1 HEERERLRY (RE)KEAN S RESE %
Table 1  Percents of different particles in the

surface sediments of Bohai Bay/%

DA <4 pm 4~16 pm 16 ~63 wm >63 wm
Al 47.6 30.4 20.2 1.8
A2 50. 6 18.6 28. 1 2.7
A3 53.4 23.6 21.3 1.7
A4 53.3 19.2 20.3 7.2
A5 31.7 37.0 26.4 4.9
A6 31.2 40.0 28.3 0.5
A7 55.4 22.9 21.4 0.3
A8 64.3 18.4 15.0 2.3
A9 61.8 17.8 14.3 6.1
A10 31.9 36.8 30.8 0.5
Al2 52.5 21.8 23.7 2.0
Bl 51.7 17.2 25.6 5.5
B2 39.7 32.1 26. 1 2.1
B3 42.9 24.5 31.4 1.3
B4 44.5 28.9 22.0 4.6
Cl 62.7 16.3 19.0 2.0
(0 38.9 33.9 26.0 1.2
c7 42.9 27.2 23.4 6.5
D1 25.5 44.8 23.3 3.9
D4 42.4 31. 1 23.8 2.7
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Fig. 2 Distributions of heavy metals in the surface sediments of Bohai Bay
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Fig. 3  Distributions of standard heavy metals by Al in the surface sediments of Bohai Bay
K2 PELTRENVYSESEZANHEXLRYY
Table 2 Correlation coefficients among heavy metals in the surface sediments of Bohai Bay
\ Cr Co Ni Cu Zn Cd Pb
\ 1. 00
Cr 0.72* 1. 00
Co 0.86™ 0.83 ™ 1.00
Ni 0.84 ™ 0.81" 0.99 ™ 1. 00
Cu 0.85™ 0.80 ™ 0.98 ™ 0.98 1. 00
Zn 0.86™ 0.82" 0.98 ™ 0.98 ™ 0.97* 1. 00
Cd 0.35 0.44 0.61 " 0.63™ 0.60 ™ 0.58 ™ 1. 00
Pb 0.26 0.65™ 0.43* 0.45" 0.47" 0.43" 0.35 1.00

1) = FRWNKGE P <0.05; = = FRIGHKE P <0.01
(K 2) AT LIE . Pb-Co ,Pb-Ni ,Pb-Cu ,Pb-Zn B —
TEFAH G EAH G R A, 7R Ph ARy AT
R RNt U A BT AR 4w, 2 4 R 5 HoAth

/A —EZE . Cd 5 HALE 48 19 A O i
28 NN A G KR IT R E SR, Cd PR Gk,

itk

=W

BT

Dy AT
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S RZ VIR E A R B an ikl 4 i
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