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Abstract Eleven sampling points were set in Hengshui Lake to analyze the concentration distribution of heavy
metals including Cr, Ni, Cu, Zn, As, Cd, Pb, Mn, Co, Sb and Tl in sediment. The degree of heavy metal
pollution was evaluated by the method of geo-accumulation index and potential ecological risk assessment index.
Pearson correlation analysis was conducted by SPSS. The results showed that the average concentrations of other
heavy metals in the sediment of Hengshui Lake were lower than the background value of Layer A soil in Hebei
Province except for Cd and Co. The concentrations of Cr, Ni, Cu, Zn, As and Pb at each sampling point were
lower than the soil risk screening values of agricultural land in Soil Environmental Quality, Agricultural Land Risk
Control Standards for Soil Contamination ( Trial) ( GB 15618-2018). Sb and Co were lower than the soil risk
control values of construction land in Soil Environmental Quality, Construction Land Risk Control Standards for Soil
Contamination ( Trial) ( GB 36600-2018). There were 8 sampling points of Cd whose concentration exceeded the
agricultural land risk screening value of GB 15618-2018, and 1 point was higher than the construction land risk
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control value of GB 36600-2018. The evaluation results of the geo-accumulation index method showed that Cd was

generally moderately polluted, Co was generally mildly polluted, and the nine heavy metals of Cr, Ni, Cu, Zn,

As, Pb, Mn, Sb and Tl could be regarded as non-polluted. The results of potential ecological risk index evaluation

indicated that the impact degree of each pollutant on the ecological risk of Hengshui Lake was Cd >> Co > As > Sh=

Pb>Cu > Ni > Cr > Mn = Zn. The RI average value was 270. 79, which was a medium ecological hazard.

However, the contribution rate of Cd to RI was as high as 91%, which was the main pollution factor. Cd pollution

was possibly caused by Yellow River water diversion into the lake and other human activities.
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Fig. 1 Map of sediment sampling sites in Hengshui Lake
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Table 1 1, and classification of sediment pollution degree
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Table 2 Grading of potential ecological risk

indices of heavy metals
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Table 3 Heavy metals concentrations of sediment in Hengshui Lake mg/kg

RAFE AL Cr Ni Cu Zn As cd Pb Mn Hg Co Sh Tl
S1 40. 50 28. 80 <0.50 60. 30 8.57 0.78 19.40 514 <0. 005 7.39 0.135 0. 407
S2 34.50 28. 50 <0.50 60. 80 8.29 2.23 19. 80 482 <0.005 17.90 0. 080 0.562
S3 34.20 20. 00 <0.50 61. 40 11. 00 0.51 15.70 493 <0.005 22.70 0.115 0.423
S4 31.40 20. 50 13.30 53.10 8.29 1. 00 18.30 486 <0.005 23.20 0. 458 0.401
S5 35.50 23.70 4.69 51.70 8.92 0.21 28.90 491 <0.005 17.10 0. 059 0.390
S6 26. 60 19.50 3.46 29.10 6.35 0. 47 8.07 353 <0.005 23.00 0. 020 0. 326
S7 24.70 16. 60 7.01 49.90 6.10 0.09 9.25 334 <0.005 20.60 0.014 0. 289
S8 36.50 15.70 11.70 54. 40 9.13 0.23 14.90 435 <0.005 19.10 0. 025 0.280
S9 49. 40 20. 00 4.46 57.10 8.70 1. 44 14.90 505 <0.005 22.50 0.203 0. 340
S10 88. 80 22.80 4. 64 87.20 11.70 1.10 21.50 524 <0.005 23.50 0.139 0. 336
S11 54.50 24.30 <0.50 60. 70 11. 60 0.45 17.20 515 <0.005 25.70 0.074 0.362
SEAH 41.51 21.85 7.04 56. 88 8.97 0.77 17. 08 467 <0.005 20.24 0.120 0.370
EemY  68.30 30. 80 21.80 78. 40 13. 60 0. 094 21.50 608 0.036 12.40 1.220 0. 447
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Table 4 I, and grades of I, of heavy metals in sediment at sampling points of Hengshui Lake

geo

Cr Ni Cu Zn As
P2 =

Lo £ Ly £ Lyeo EH Lyeo E Lo £
S -1.34 0 -0.68 0 -0.96 0 -1.25 0
S2 -1.57 0 -0.70 0 -0.95 0 -1.30 0
S3 -1.58 0 -1.21 0 -0.94 0 -0.89 0
S4 -1.71 0 -1.17 0 -1.30 0 -1.15 0 -1.30 0
S5 -1.53 0 -0.96 0 -2.80 0 -1.19 0 -1.19 0
S6 -1.95 0 -1.24 0 -3.24 0 -2.01 0 -1.68 0
s7 -2.05 0 -1.48 0 -2.22 0 -1.24 0 -1.74 0
S8 -1.49 0 -1.56 0 -1.48 0 ~-1.11 0 -1.16 0
S9 -1.05 0 -1.21 0 -2.87 0 -1.04 0 -1.23 0
S10 -0.21 0 -1.02 0 -2.81 0 -0.43 0 -0.80 0
Si1 -0.91 0 -0.93 0 -0.95 0 -0.81 0
A -1.40 0 -1.10 0 -2.39 0 -1.09 0 -1.21 0
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S1 2.47 3 -0.73 0 -0.83 0 -1.33 0 -3.76 0 -0.72 0
S2 3.98 4 -0.70 0 -0.92 0 -0.06 0 -4.52 0 -0.25 0
S3 1.85 2 -1.04 0 -0.89 0 0.29 1 -4.00 0 -0.66 0
4 2.83 3 -0.82 0 -0.90 0 0.32 1 -2.00 0 -0.74 0
S5 0.57 1 -0.16 0 -0.89 0 -0.12 0 -4.95 0 -0.78 0
S6 1.74 2 -2.00 0 -1.37 0 0.31 1 -6.52 0 -1.04 0
S7 -0.65 0 -1.80 0 -1.45 0 0.15 1 -7.03 0 -1.21 0
S8 0.71 1 -1.11 0 -1.07 0 0.04 1 -6.19 0 -1.26 0
S9 3.35 4 -1.11 0 -0.85 0 0.27 1 -3.17 0 -0.98 0
S10 2.96 3 -0.58 0 -0.80 0 0.34 1 -3.72 0 -1.00 0
S11 1.67 2 -0.91 0 -0.82 0 0.47 1 -4.63 0 -0.89 0
SEIE 1.95 2 -1.00 0 -0.98 0 0.06 1 -3.93 0 -0.87 0
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Table 5 Potential ecological risk coefficients (E') and risk indices (RI) of heavy metals in sediments of Hengshui Lake
£,
RHERL RI
Cr Ni Cu Zn As Cd Pb Mn Co Sh
S1 1.19 1.87 0.77 6.30 248.94 4.51 0.85 2.98 4.43 276.40
S2 1.01 1.85 0.78 6.10 711.70 4.60 0.79 7.22 2.62 734.05
S3 1.00 1.30 0.78 8.09 162.77 3.65 0.81 9.15 3.78 187.56
4 0.92 1.33 3.05 0.68 6.10 319.45 4.26 0.80 9.35 15.02 345.63
S5 1.04 1.54 1.08 0.66 6.56 67.02 6.72 0.81 6.90 1.93 92.32
S6 0.78 1.27 0.79 0.37 4.67 150.00 1.88 0.58 9.27 0.66 169. 61
S7 0.72 1.08 1.61 0.64 4.49 28.72 2.15 0.55 8.30 0.46 48.26
S8 1.07 1.02 2.68 0.69 6.71 73.40 3.47 0.72 7.70 0.82 97.47
S9 1.45 1.30 1.02 0.73 6.40 459.57 3.47 0.83 9.07 6.66 483.84
S10 2.60 1.48 1.06 1.11 8.60 351.06 5.00 0.86 9.48 4.56 381.26
SI1 1.59 1.58 0.77 8.53 143.62 4.00 0.85 10.36 2.43 171.30
SEMH 1.22 1.42 1.61 0.73 6.59 246.91 3.97 0.77 8.16 3.94 270.79
XF RI BTk R /% 0.45 0.52 0.60 0.27 2.44 91.18 1.47 0.28 3.01 1.49 100
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Table 6  Correlations of heavy metals in sediment of Hengshui Lake

HEJR Cr Ni Cu Zn As Cd Pb Mn Co Sh Tl
Cr 1
Ni 0.232 1
Cu -0.162  -0.653* 1
Zn 0.831* 0.330 -0.169 1
As 0.730*  0.245  -0.288 0.762* 1
cd 0. 244 0.543  -0.247 0.345 0.074 1
Pb 0.365 0.578  -0.110 0. 502 0. 484 0.197 1
Mn 0.598 0.595  —0.288 0.701*  0.784*  0.425 0.731" 1
Co 0.224  -0.507 0.207 0.010 0.258  -0.043 -0.308 -0.118 1
Sh 0. 086 0.075 0.417 0. 180 0. 104 0.354 0. 202 0. 430 0.138 1
Tl -0.120 0.755* —0.484 0.173 0.115 0.704*  0.437 0.437  -0.266 0. 209 1

TE: w R P <0. 01, B A » oK P <0.05,  BFMK,
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