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Distribution Characteristics of Heavy Metals in Surface Sediments of Rongcheng Swan Lake, China
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Abstract Rongcheng Swan Lake, a natural shallow lagoons, is located at the eastern end of Shandong Province, and is connected to the
Rongcheng Bay through a narrow channel in southeast lake. The ecological environment in Swan Lake wetland has been destroyed due to the
over—exploitation and wastewater discharge during the past few decades. Lake sediments play an important role in the assessment of heavy
metal contamination in most lakes. In the present study, surface sediment samples were collected from 20 sites in the whole lake in 2009.
Heavy metals, organic matter concentrations and grain sizes in sediments were measured to study the distribution of heavy metals and its af—
fecting factors, and environmental quality of sediments was evaluated also in Swan Lake. The results showed that heavy metal concentrations
of sediments were low, and levels of Cd, Cr, Pb, Cu and Zn were superior to the national primary standard of marine sediment quality. Slight
contamination was observed in Cr and Pb in Swan Lake. The concentrations of Cd, Cr, Ni, Pb, Cu and Zn changed at the range of 0~0.84,
1.75~116.11, 1.50~29.06, 17.36~27.25, 2.00~34.98 mg kg™ and 11.48~92.61 mg-kg™ respectively, and the mean concentrations followed a
order of Fe>Mn>Zn>Cr>Pb>Cu.Ni>Cd. The accumulation of heavy metal had a close relationship with sediment sizes and anthropogenic load
in this area. For the most elements, high levels were found in the sediments of central and northwest part of the study area, where grain sizes of
sediments were fine and external pollution was serious respectively; while low concentrations were found in those of the southeast area. The
correlation among heavy metals was very good, and a highly significant correlation was observed among Cd, Cu, Mn, Zn and Fe, whose spatial
distributions were similar. Heavy metals had a significant positive correlation with organic matter and clay concentrations, and a significant
negative correlation with sand concentrations. According to the evaluation standard of sediments made in Canada, the potential ecological risk
of Cr in sediments was high in Rongcheng Swan Lake.
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. Figure 1 Locations of sampling sites of sediments in Swan Lake
1
Table 1 General characteristics of lake water and surface sediments in Swan Lake
pH /mS-cm™ 1% 1% g kg™ g kg™ lg kg™
7.9 64.25 29.6 0 17.40 1.38 0.07 0.08
8.5 67.50 34.1 37.57 100 57.19 1.70 0.57

n=6 8.2 66.00 322 12.97 64.64 19.89 0.85 0.35
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20 1. 12 13 1.75~116.11.,1.50~29.06,17.36~27.25 mg - kg™
o 0.37.50.09.16.02.22.17 mg *kg™ Mn.Cu.Zn.Fe
1.3 14 28.96~335.47.2.00~34.98 .11.48~92.61
pH FE20K mg-kg!  2.15~28.60 g-kg™ 201.11.
DDS-307 ° 16.48.53.02 mg-kg™  14.72 g- kg™,
Fe .Mn.Cu.Zn.Pb.Cr.Cd.Ni Fe>Mn>Zn>Cr>Pb>Cu . Ni>Cd,
HF-HCI0,~HNO; N Cd.Cr.Cu
ICP-AES Pb 12.81%.
N N - N A
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° GSS-3 o Cd.Cr.Cu
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2, Cu>Ni>Cd 3 .
1.4 13.71%~50.84% o
SPSS13.0 °
Duncan’s °
o Bivariate Pb 6.36%~120.00% .
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Table 2 Standard values and measured concentrations of heavy metals in certified reference materials
Cd/mg kg Cr/mg kg Cu/mg kg Ni/mg-kg™ Ph/mg-kg! Zn/mg-kg
0.059+0.022 32+6 11.4+1.6 1242 26+4 31+4
0.09+0.02 38.27+0.18 12.84+1.34 10.37+0.06 28.60+2.93 36.72+0.88
3
Table 3 Descriptive analysis on heavy metals concentrations in surface sediments in Swan Lake
Cd/mg-kg’  Crmg-kg'  Cu/mg-kg’ Mn/mg-kg' Ni/mg-kg®  Pb/mg-kg'  Zn/mg-kg'  Felg-kg
A n=6 0.64 74.16 26.00 242.71 21.08 7.80 60.19 20.34
0.48a 53.38a 20.21a 217.84a 17.82a 23.78a 60.31a 17.77a
CV1% 50.84 49.14 49.83 42.86 45.06 13.71 40.23 42.94
B n=7 0.44 63.38 20.78 159.87 16.81 6.90 49.90 13.48
0.46a 59.38a 21.08a 249.80a 19.84a 22.83a 63.42a 17.85a
CV1% 32.39 31.36 32.92 20.82 26.86 10.02 26.90 23.83
C n=6 0.35 114.36 8.90 211.78 24.47 3.61 44.49 13.63
0.16b 34.42b 6.62b 119.45b 9.12b 19.70b 31.85b 7.51b
CV1% 75.00 120.00 47.34 61.32 94.88 6.36 46.64 63.09
n=20 0.84 114.36 32.98 302.51 27.56 9.89 81.13 26.45
0.37 50.09 16.48 201.11 16.02 22.17 53.02 14.72
CVI% 58.93 59.05 57.89 44.17 52.00 12.81 43.17 48.64

P<0.05 .
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Table 4 Correlation analysis among heavy metals concentrations
in surface sediments

Cd Cr Cu Mn Ni Pb Zn Fe

Cd 1.00
Cr 0.69"  1.00
Cu 0.99" 0.68" 1.00 23
M 096" 0.677 0.94" 1.00 .
" 6 Cr.Cu.Pb.Zn . Ni
Ni 0.86" 095" 0.86" 0.83" 1.00 GB
Pb 0.79" 049 0.78" 0.73" 0.67" 1.00
Zn 099" 069% 097° 097" 086~ 077° 100 15618—1995 Cr.Cu.Pb.Zn.Cd
Fe 099" 069" 097° 098 085" 078" 099" 1.00 GB 18668—2002 . Pb.Zn.Cu
ras=044 ryp=0.56 n=20 * ** . Cr.Cd
6
Table 6 Reference concentrations of heavy metals in sediments
Cd/mg-kg™ Cr/mg-kg™ Cu/mg-kg™ Mn/mg-kg™ Ni/mg-kg™ Pb/mg- kg™ Zn/mg-kg™ Felg-kg™
n=20 0.37 50.09 16.48 201.11 16.02 22.17 53.02 14.72
1 0.5 80 35 - - 60 150 -
0.20 90 35 - 40 35 100 -
0.041 50.8 12.5 - 16.6 11.5 38.1 -

0.039 52.8 13.7 - 19.0 13.98 39.9 B
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Table 7 Quality guidelines of heavy metals for sediment based on the toxic effect and characteristics of the research area

Cd/mg-kg™! Cr/mg-kg™ Cu/mg-kg™ Mn/mg- kg™ Ni/mg- kg™ Ph/mg kg™ Zn/mg kg™ Felg-kg™
0.6 26 16 460 16 31 120 20
10 110 110 1 100 75 250 820 40
1% 80 30 50 100 45 100 100 75
1% 20 65 50 0 55 0 0 25

1% 0 5 0 0 0 0 0

0
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