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Map of sampling stations of surface sediments in the Bohai Sea
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FEOEEAT TV 0T (R 2)0 S5 87R, Zn o7 ke
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Tab.1 Toxicity prediction standard of heavy metals in the ocean surface sediments"!

2 EIE Ni Cr cd Hg As Cu Pb Zn
TH/ugg” 232 78.3 1.04 0.18 16.1 38.2 53.0 153.5
TB/ugg! 58.3 268.5 5.76 0.66 54.3 214.6 296.0 396.2

R2 BEBERNIRYMESELERSESTEASHRITHIE
Tab. 2 The statistical characteristics of heavy metals and spatial distributions of surface sediments from the Bohai Sea

By RRE| cd Hg As Cu Pb Ni Cr Zn
FHflng g 0.20 0.04 9.18 19.99 24.03 25.42 57.95 66.15
5%{i/ng g | 0.08 0.01 521 5.78 14.61 9.15 25.64 28.78
95%fti/pgg 0.37 0.08 14.27 34.54 32.95 40.20 83.24 105.31
AAXT AR 2.30 3.25 1.44 1.84 1.20 1.78 1.81 1.87
AR R i 22 0.020 0.026 0.015 0.023 0.011 0.019 0.016 0.019
AN A 57 2R 2.050 13.795 0.034 0.023 0.009 0.015 0.005 0.006
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Fig. 2 Spatial distributions of concentrations of mean grain size, Fe,0;, Al,0;, heavy metals in the surface sediments from the Bohai Sea
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TR 2), Hrh, B He & & w8, M
1R 0.03 pe/g, HoAx T 4 & o0 76 il 1 535 )& i
o BN R R E S B TR P S N 211,07 ng/g,
LR T, 2 Cd, Po & & MK T A& . M
WRESRICE P EERN 19638 ng/g, Hg SR 7E
AN, K] 0.05 /g, As SR e
Mo UABRELSB TR LS ER 193.02 ng/g,
Cd. Hg. As & W o Wik | 10 7R v Wk L T
SR ICE - & B4yl 158.76 pg/g F1174.99 pg/g.
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4E Cr 1 Zn.
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KMEEE . Cr, Zn, Ni, Cu 5 Fe,0, 5 5 A1 ¢,
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53 22 N st A
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iR ZVIEY PR E T EES RO REBEES
IS 35 H (36 5) i 2R 90 2 Cd. Hg. As. Cu,
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32 EEBRTEEXESH FHIME N 61.39, J@ AR AR S AR A 2, HoRE &
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Tab.3 Mean concentrations of heavy metals in the surface sediments from different geomorphic units in the Bohai Sea
HWSHNITT Cdéitugg! Hgiitugg' Astit/ugg’ Cuffiugg’ Pbaft/ugg’ Nigi/ugg' Crdfugg’ Zndfugg' MM
S 0.25 0.03 11.81 28.02 24.34 33.00 72.36 87.63 257.50
LR 0.23 0.04 8.13 18.49 24.86 23.45 53.04 64.74 193.02
He M 0.13 0.05 11.47 18.59 20.74 26.72 61.44 57.20 196.38
P 0.17 0.04 9.70 21.14 24.00 27.07 62.08 66.83 211.07
it 0.14 0.03 7.72 14.28 22.01 18.89 46.88 48.80 158.76
ILAREE 0.24 0.04 7.47 15.69 22.82 19.94 53.95 54.80 174.99
x4 HENBYPELSEEXESERLXE ( p<0.05, 1=404)
Tab.4 Correlations of heavy metals related components in the surface sediments from the Bohai Sea ( p<0.05, =404 )
Mz Al,O4 Fe, 04 Cr Zn Ni Cu Cd Pb As Hg
Mz 1.00
AlLO; 0.81 1.00
Fe, 05 0.91 0.89 1.00
Cr 0.88 0.78 0.92 1.00
Zn 0.87 0.86 0.93 0.86 1.00
Ni 0.92 0.86 0.97 0.92 0.93 1.00
Cu 0.90 0.87 0.97 0.88 0.93 0.96 1.00
Cd 0.36 0.28 0.30 0.44 0.37 0.31 0.29 1.00
Pb 0.72 0.78 0.79 0.65 0.82 0.77 0.79 0.23 1.00
As 0.62 0.59 0.72 0.64 0.67 0.72 0.72 0.18 0.52 1.00
Hg 0.49 0.43 0.45 0.45 0.55 0.48 0.43 0.48 0.54 0.25 1.00
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Tab.5 Potential ecological risk indexes of heavy metals in the surface sediments from the Bohai Sea
s
i cd Heg As Cu Pb Ni cr Zn RI
e/ ME 8.31 2.72 3.57 0.74 2.23 0.60 0.18 0.09 37.30
R 219.23 211.28 20.75 12.98 9.42 10.05 3.63 1.99 402.18
FHME 92.53 61.39 11.92 6.66 6.01 5.30 1.90 1.02 186.01
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Spatial distributions of potential ecological risk indexes of heavy metals in the surface sediments from the Bohai Sea
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Ro HERENRYUESEHRREH (L.,)

Tab. 6 Geoaccumulation indexes ( L, ) of heavy metals in the surface sediments from the Bohai Sea

Cd Hg Cu Pb As Ni Zn Cr
H/ME —2.44 —4.46 -3.34 -1.75 -2.07 -3.64 -4.01 —4.03
HRAE 228 1.82 0.79 0.33 0.47 0.42 0.41 0.27
FEE 0.91 -0.18 —0.35 -0.36 —0.40 —0.64 —0.68 —0.76
41°
N

39°

b vl L. L A
As

Kl 4 #hife RIZVURY 4R i BRI E (L) 2

Fig. 4 Spatial distributions of geoaccumulation indexes (lge(,) of heavy metals in the surface sediments from the Bohai Sea

£7 HERENRYRELBTELNS SN
Tab.7 The principal component analysis of heavy metals in the surface sediments from the Bohai Sea
TR Zn Ni Cu Cr Pb As Hg cd FHIEME J7 2Tk
PC1 0.96 0.96 0.96 0.91 0.82 0.70 0.56 0.42 5.24 65.5
PC2 0.00 —-0.16 —-0.15 —-0.05 0.04 -0.41 0.49 0.77 1.06 132
PC3 —0.04 —0.06 —0.09 —0.18 0.17 0.04 0.63 —0.43 0.65 8.2
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Fig. 5 Spatial distributions of components from the principal component analysis of the heavy metals in the surface sediments from the

Bohai Sea
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Fig. 6 Toxicity prediction of heavy metals in the surface sediments from the Bohai Sea
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Fig. 7 Spatial distributions of enrichment factors of heavy metals in the surface sediments from the Bohai Sea
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Environmental quality assessment and influence factor of heavy metals
in the surface sediments from the Bohai Sea

Zhu Aimei'?, Zhang Hui'?, Cui Jingjing'?, Hu Ningjing'*?, Liu Jihua'**

(1. First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China; 2. Key Laboratory of State Oceanic Adminis-
tration for Marine Sedimentology and Environmental Geology, Ministry Natural Resources, Qingdao 266061, China; 3. Laboratory for
Marine Geology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract: Based on the concentrations and spatial distributions of heavy metals in 404 surface sediments from the
Bohai Sea, we evaluated the marine sediment environmental quality indexes, such as heavy metal potential ecologic-
al risk, geoaccumulation index. Moreover, the factors that impact on the concentrations of heavy metals in surface
sediments were also analyzed. The results showed that the mean concentrations of all eight heavy metals were
highest in the Bohai Bay, and were lowest in the Bohai Strait. The potential ecological risks of Cd and Hg elements
were high and moderate-high, respectively. The assessment of total potential ecological risk revealed Bohai Sea be-
longs to moderate potential ecological risk. Only few stations of Cr and Ni exceed the upper limit of toxic
threshold, and the others are less than the lower limit of toxic threshold. This implies the occurrence probability of
toxic pollution is low. The concentrations and spatial distributions of heavy metals were mainly dominated by grain
size effect of surface sediments from the Bohai Sea. However, Cd element which was rich in the Jinzhou Bay and
Fuzhou Bay of Liaodong Bay was mainly contributed by human activities. Hg element, supplied by Yellow River

possible impacted by human activities, was rich in the Yellow River Delta and Laizhou Bay.

Key words: Bohai Sea; surface sediment; heavy metals; environmental quality assessment; influence factor
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