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Abstract: Surface sediment samples were collected in 2016 at 32 stations in Laizhou Bay. Studies are devoted to the concentrations, spatial
distribution patterns and interrelations of seven heavy metals (Cu, Pb, Zn, Cr, Cd, As and Hg). Comparison is made with previous investigations.
The pollution status is evaluated systematically with potential ecological risk index (PERI), geoaccumulation index (/,,) and sediment quality
guidelines (SQGs). Our results show that the heavy metals in the surface sediments are mainly concentrated in the north of the Yellow River
estuary, Xiaoqing estuary (the southwest) and the northeast of Laizhou Bay. Cr, Cd and Hg are obviously related with fine grain sediments,
indicating the control of sediment grain size over heavy metal contents. The distribution patterns of sediment types are mostly consistent with
the mean circulation in Laizhou Bay, and are significantly related to the hydrodynamics of surrounding estuaries and tidal currents. Results of

heavy metal pollution assessment suggest that heavy metal contents at all stations are lower than the possible effect level (PEL), and the
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integrated potential ecological risk is low. Geoaccumulation index suggests that about 60% of the study area are polluted by Hg, lightly polluted
by Cd (37.5%) and As (12.5%). Cu, Pb, Zn, Cd, As and Hg show significant positive correlations; Cu, Pb and Zn are mainly controlled by

natural crust weathering process, while Cu and Zn are affected by TOC as well; Cd and As are presumed to be related to human activities; and

Cr came mainly from the natural weathering process of the crust, in addition to some from human activities. Accordingly, the Yellow River and

Xiaoqing River were likely to be the main sources of surface sediments in the west and southwest of Laizhou Bay, which is basically consistent

with previous studies.

Key words: heavy metals; surface sediments; spatial distribution; pollution assessment; source analysis; Laizhou Bay
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Fig.1 Sampling stations of surface sediments in Laizhou Bay
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Table 1 Concentrations of heavy metals in surface sediments of Laizhou Bay mg/kg
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Fig.2 Spatial distributions of Cu, Pb, Zn and Cr in surface sediments of Laizhou Bay
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Table 3 Geoaccumulation index of surface sediments in Laizhou Bay

24 Cu Pb Zn Cr cd As Hg
wKME 0.115 -0.334 0.008 —0.344 0.804 0.360 1.782
Lyeo w/ME —2.634 -1.608 -1.384 -1.173 -1.305 -0.915 -1.132
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Table 4 Reference threshold of heavy metals in Laizhou Bay and the number and percentage of samples in different concentration ranges

Cu Pb Zn Cr Cd As Hg
TEL/(mg/kg) 18.7 302 124 52.3 0.68 7.24 0.13
PEL/(mg/kg) 108 112 271 160 421 41.6 0.7
<TEL/H 15 (47%) 31 (97%) 32 (100%) 6 (19%) 32 (100%) 0 (0%) 32 (100%)
TEL—PEL/™ 17 (53%) 1 (3%) 0 (0%) 26 (81%) 0 (0%) 32 (100%) 0 (0%)
=PEL/A™ 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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AR SCRIHGETT I k% R B2 DR b 7 B 4 JE R
A E ALY AT T Pearson AH CPEN T, 8 5 4%
N2 Z A E B 2 EAH G OE R, W TOC 5 K #6475
&)@, JuHIE Cu Ml Zn W AHSC R EUE 0.9 DL 1 (P<
0.05), Z B E AT vk B A 43 A vl g 54 BILAI 75 dt AH
Ko ALO; Fil Fe,O5 I Ay S Hu5e ¥ Y, iy R 43
ERRE ZHWMHELEREE, UHE Cu. Pb M
Zn, 573K 46 4> i 1T RE R 2R A T 5T A AR KR
TR, T AL IE W BN i 4 e Y,
TOC 5 Hb 7 ) BT 1 AH 3¢ R w3k 0.88, KL, A
A Cu Fll Zn(r>0.86) 32 A Pk & fE A2, If 5
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Table 5 Pearson’s correlation coefficients among heavy metals and TOC
TOC Al O3 TFe,04 Cu Pb 7n Cr Cd As Hg
TOC 1
ALO; 0.86 1
TFe,05 0.88 0.95 1
Cu 0.92 0.97 0.95 1
Pb 0.79 0.89 0.91 0.87 1
Zn 0.90 0.98 0.98 0.97 0.92 1
Cr 0.54 0.56 0.71 0.51* 0.66 0.63 1
Cd 0.77 0.90 0.91 0.87 0.87 0.89 0.61 1
As 0.80 0.84 0.87 0.83 0.82 0.85 0.46* 0.84 1
Hg 0.75 0.88 0.86 0.86 0.95 0.90 0.54 0.88 0.78 1
e FEREIV=32, BEEKTFa=0.01, *FRPH>0.05, HIMERZE.
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Table 6 Long-term variation of heavy metals in sediments of Laizhou Bay mg/kg
A Cu Pb Zn Cr cd As Hg E=PEN

2016 (5—6) 19.061 20.297 55.976 60.1 0.111 11.716 0.038 AT
2015 (2) 9.7 11.7 40.9 46.3 0.091 9.2% 0.013* [50]
2012 (BD 22.0+£6.2% 21.9+£5.3*% 60.4+16.3* 60.0+8.6* 0.12+0.04* 12.7+£2.2% - [10]
2012 (9—10) 21.96* 21.99% 60.41* 60.00* 0.12* 12.64* 0.051* [14]
2010 (5/8/10/12) 17.42 20.58 51.19 49.56* 0.18* 8.99 0.07* [12]
2008 (5) 14.97 11.7 50.80 - 0.11 9.20% 0.09* [15]
2007 (8) 18.59 20.74 57.20 61.44 0.13* 11.47* 0.05* [16]
2007 (8) 13.3 20.2 59.4 57.1%* 0.081* 13.1* 0.053* [58]
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Table 7 Concentrations of heavy metals in rivers and soils around Laizhou Bay mg/kg
X3k Cu Pb Zn Cr cd As Hg R BTN
FIHE VLA 19.061 20.297 55.976 60.1 0.111 11.716 0.038 EN T

ST TR 9.79 12.28 86.66 37.64 0.092 5.94 0.023 [62]
ANE TR 17.95 22.08 63.99 - 0.15 - 0.08 [63]
B ) ) O 26.70 27.23 78.00 - 0.57 27.60 - [64]
TR = MR 2 L 19.62 19.35 57.48 62.89 0.134 10.31 0.0232 [61]
W 7R 1% 22.6 23.6 63.3 62 0.132 8.6 0.031 [65]
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