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Fig. 1 Layout of sediment sampling sites in Dongting L.ake basin
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Tab. 1 Seven pollution levels of heavy metals
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Tab. 2 Potential ecological hazards and risk levels
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Fig. 2 The heavy metal mass fraction in Dong-ting Lake is'compared with other lakes in China
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Fig. 3 Heavy metal mass fraction between lakes and rivers
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Fig. 4 Distribution of rivers' heavy metals
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Fig. 5 Distribution of lake region’s heavy metals
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Fig. 6 Change trend of heavy metal mass fraction in lake area
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Fig. 7 Distribution map of heavy metal pollution levels in sediment at sampling sites( Igeo)
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Fig. 8 Distribution diagram of potential ecological risk level of sediment at sampling site
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Tab. 3 Comparison of results of the two evaluation methods
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Tab. 4 Pearson correlation analysis between elements

SiE| pH HHLE TN TP "R . OWESAE B Cr Ni Cu Zn As cd  Pb
pH 1

HHUE —0.362% 1

TN  —0.176  0.633*" 1

TP —0.202  0.392** 0.583** 1

HA 0.066  0.241  0.388% 0.463%% 1

A —0.346%  0.569** 0.563*% 05541 0.370** 1

BEERER  0.036  0.482*10.583% 0.653** 0.608"*  0.375"

Cr 0.054  0.505°* 0.585** 0.167  0.300*  0.166 0.340* 1

Ni 0.149 /0:0302* %,0.336* 0.002  0.276* —0.143 0.181  0.894** 1

Cu 0.003  0.608** 0.688** 0.332* 0.238 0.245  0.489** 0.872** 0.728** 1

Zn 0.035  0.330" 0.423** 0.454** 0.498** 0,178  0.567** 0.344* 0.276* 0.435*" 1

As 0.218 0.167 0.207 0.086 0.346* —0.186 0.257  0.672** 0.796** 0.592** 0.500** 1

cd 0.071  0.428** 0.409** 0.382** 0.261 0.220  0.409** 0.423** 0.379** 0.459** 0.255  0.363** 1

Pb 0.032  0.552** 0.631** 0.288* 0.224 0.236  0.468** 0.849** 0.679** 0.892** 0.490** 0.528** 0.311* 1
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Tab. 5 Principal component analysis score table

EA T/ GE
a5 Cct Ni Cu  Zn As Cd  Pb

PC;  64.308 0.948 0.909 0.857 0.214 0.68 0.229, 0.847
PC; 11.921 0.108 0.048 0.244 0.964 0.383 0,111 0.322
PC; 11.161 0.196 0.195 0.229 0.101 0.219 00963 0.045
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Fig. 9 Principal component load diagram
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Distribution and ecological risk of heavy metals in sediment across'the Dongting Lake basin
MENG Wan'*,LIU Yang”*,ZHU Shijiang' , WANG Zhu* ,WANG Fang’**
(1. College of Hydraulic and Environmental Engineering ,China Three\Gorges University ,Yichang 443002 ,China;
2. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,China Institute o f
Water Resources and H ydropower Research s Beijing 100038, China; 3. China Institute of Water
Resources and Hydropower Research Department of Water Resources ,Beijing 100038 ,China)
Abstract: Heavy metals in sediments were one of the most“harm{ul and long-lasting sources of pollution in the lake basin. The
distribution characteristics, source analysis, change trend, occurrence form, adsorption, release rules, and risk assessment of
heavy metals in the sediments of Dongting Lake have'already been studied by domestic scholars. Based on the sampling investi-
gation of the three lakes and four rivers in the Dongting [“ake and the previous research results, the pollution status and possible
pollution sources of heavy metals were analyzed comprehensively, which provided a basis for the control of heavy metal pollution
in the Dongting Lake.

In August 2019, thirty-nine and fourteéen sampling sites were set up to collect sediments from the lake and four rivers. The
samples were cryopreserved to the laboratory. Aqua regia extraction and inductively coupled plasma mass spectrometry (ICP-
MS) were used to detect thetheavy metal content in sediment samples. The heavy metal pollution in Dongting LLake was evalua-
ted by the ground accumulation index and the ecological risk assessment method.

The average mass fraction of heavy metals were Zn(121. 01 mg/kg) >>Cr(66. 39 mg/kg) >>Ni(33. 34 mg/kg) >Pb(31. 14 mg/kg) >
Cu(30. 57 mg/kg) *As (1658 mg/kg) >Cd(2. 88 mg/kg) , respectively. The spatial variation coefficient of Cd was 159. 91%.
The average content of Cd in the three lakes has decreased in recent 10 years, especially in the West Dongting Lake and the
South Dongting Lake, which was up to 19% ~74%. However, the East Dongting Lake was relatively more stable and the heavy
metal content was still high. According to the ground cumulative index value mean, the pollution of 7 kinds of heavy metals
showed. According to single heavy metal hazard index value, the comprehensive potential ecological risk of heavy metal elements
was as follows:East Dongting Lake (high) >West Dongting Lake (medium) >>South Dongting Lake (low) ; The inflow rivers
were Zishui (high) >>Yuanjiang (high)>Xiangjiang (high) >Lishui (low). The overall comprehensive ecological risk index val-
ue of Dongting Lake was 308. 35, which was at a high ecological risk level.

Conclusions (1) The spatial distribution of seven heavy metal elements in the surface sediments of Dongting Lake and the rivers
was significantly different. The contents of elements were 0. 51,0.57,0.51,0.45, 0.29,7.72 and 0. 34 times higher than the
background values. Compared with other lakes in China, the content of Cd in Dongting Lake was at a higher level, and the contents of
the other six heavy metals were at an intermediate level. (2) The results of the two methodslike the ground accumulation index,

and the ecological risk assessment method, had shown a Cd for the most serious heavy metal pollution damage elements in East
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effect on the stability of the slope surface structure. Under the action of rainfall, the surface structure rapidly saturated, the
shear strength was greatly reduced and the stability deteriorates. However, the internal structure was less affected because the
water was difficult to penetrate. At 60° slope angle, there were obvious cracks in the bank slope after 10 minutes of rainfall,and
the cracks became larger as the rainfall time increased. After 2 hours of rainfall, the slope angle changed from 60° to 47°, and
there were many obvious cracks on the surface of the bank slope. When the slope angle was 30° and 45°, there was no obvious
damage on the bank slopes. The change in bank slope with different slope materials was also significantly different. There was
little obvious damage to the clay slope during the whole test. When the sand content was 20% , the bank slope had erosion dam-
age after 40 minutes of rainfall, and as the rainfall time increased, the damage gradually increased, Eventually, a collapse
occurred on the surface of the bank slope when the sand content was 40 % ,and it was also noted that the bank slope had obvious
cracks after 5 minutes of rainfall. About 70 minutes, there was a scour groove in the middle of the bank slope, which gradually
widened with the increase of rainfall time.

Under the rainfall, the bank slope became heavier and the sliding force increased. Moreover, with the increase of the water
content of the bank slope,the shear strength decreased sharply,then induced bank slope instability. The slope angle had a great
influence on bank stability. The bigger the slope angle, the deeper the rain seep,and the sliding forcé and infiltration force be-
come stronger, which was not conducive to the stability of the bank slope, the influence was 60°>>45°2>30°, respectively. The
slope material affected the bank slope stability directly,and different materials had different permeability. When the sand content
was 40% , the permeability was best, and bank slope was damaged at 5 minutes and the response of pore water pressure was
fast, the instability probability was higher with the worst permeability. When the bank slope was pure clay,and no damage obvi-
ously,and the response of pore water pressure was slow, the impact of rainfall on bank slope stability was low relatively.

Key words: water bank; rainfall infiltration; model test;slope angle; slope material
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Dongting Lake and water of the lake district, respectively,and the most serious area of sediment pollution in rivers was seriously
polluted and high potential ecological'risk in Dongting Lake valley. Ni,Cr,Cu and Zn were heavy metals with moderate pollu-
tion and low risk. Pb and ‘As were'heavy metals with mild pollution and low risk. (3) According to the correlation analysis and
principal component analysis, the seven kinds of heavy metal elements may be divided into three categories, including Cd and Zn,
respectively, according to'the situation of Dongting Lake basin’s natural and human activity,Cd probably from pesticides, fertil-
izers and sewage may-also come from steel manufacturing, paint, etc. , Zn may come from zinc mining or rock weathering and
erosion of minerals,and As were the third category and may belong to natural sources. Based on the results of this study,it was
suggested that the next step should be the regional classification of pollution levels in Dongting Lake. The environmental protec-
tion inspectors and other relevant departments are urged to strengthen the control of Cd input from sources inside and outside
the river basin. Comprehensive measures of ectopic or in situ treatment should be adopted. The ecological restoration of
Dongting Lake sediments was carried out to eliminate the heavy metal pollution of sediments and improve the overall ecological
environment level.

Key words: Dongtinghu Lake basin sediment;distribution of heavy metals; pollution evaluation;source of inquiry
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