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GIS Spatial Distribution and Ecological Risk Assessment of Heavy Metals in

Surface Sediments of Shallow Lakes in Jiangsu Province

LI Ying-jie'”, ZHANG Lie-yu', WU Yi-wen' ", LI Cao-le', YANG Tian-xue', TANG Jun'

(1. State Environmental Protection Key Laboratory of Simulation and Control of Groundwater Pollution, Chinese Research Academy of
Environmental Sciences, Beijing 100012, China; 2. College of Resource and Environmental Engineering, Wuhan University of
Technology, Wuhan 430000, China; 3. CNHOMELAND Environmental Protection Water Pollution Governance Academician
Workstation, Guangzhou 510000, China)

Abstract: To understand pollution of heavy metals in surface sediments of shallow lakes, surface sediments samples of 11 lakes in
Jiangsu province were collected to determine the content of six heavy metals including As, Cr, Cu, Pb, Zn and Ni. GIS was used to
analyze the spatial distribution of heavy metals, and geological accumulation index (1), modified contamination index (mC,),
pollution load index ( PLI) and potential ecological risk index ( RT) were used to evaluate heavy metal contamination in the sediments.
The results showed that: in the lakes’ surface sediments, the average content of As, Cu, Zn, Cr, Pb, Ni in multiples of soil
background of Jiangsu province were 1. 74-3. 85, 0. 65-2. 66, 0.48-3.56, 0.43-1.52, 0. 02-1.49 and 0. 12-1. 42. According to the
evaluation results of [, and RI, As, which had high degree of enrichment and great potential ecological risk, was the main pollutant,
followed by Cu, and pollution of the rest of heavy metals was relatively light. Combining the results of several evaluation methods, in
surface sediments of Sanjiu Lake, Gaoyou Lake and Shaobo Lake, these heavy metals had the most serious pollution, the maximum
pollution loading and moderate potential ecological risk; in surface sediments of Gehu Lake, Baima Lake and Hongze Lake, some
regions were polluted by certain metals, the overall trend of pollution was aggravating, the pollution loading was large, and the potential
ecological risk reached moderate; in the other 5 lakes, the risk of sediments polluted by heavy metals, as well as the pollution loading,
was small, and the overall was not polluted.

Key words :shallow lakes; surface sediments; heavy metals; GIS; ecological risk assessment
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F1 WEREHNHEXEARSEERESR

Table 1 Geological accumulation index (/) threshold interval and pollution grading
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Table 3 Grading of potential ecological risk index ( RI)
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Table 4 Average contents of heavy metals in surface sediments of shallow lakes in Jiangsu Province/mg-kg ™!
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Fig. 2 Distribution of heavy metal contents
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Table 5 The [E:’" and pollution grade evaluation of heavy metals in surface sediments of shallow lakes in Jiangsu Province
biblE| As Cr Cu Pb Zn Ni
i P R S R S P S R S R
WY W 0.213~0.350 I -L714~-0.989 0 -0.518~-0482 0 -2.948~-2.020 0 -0.916~-0.275 0 -1.247~-0.286 0
Bl 0.278 1 -1.418 0 -0.49% 0 -2.508 0 -0.652 0 -0.922 0
=i W 0.415~0.563 I -1175~-0.868 0 0.689 ~0. 828 I -L676~-0.179 0 0.658~1.245 1~2 -0.454~-0.08 0
) Hlg 0.495 1 -1 0 0.777 1 -0.747 0 1.024 2 -0.285 0
B WH 0.221~0.612 1 -1.600~-0.147 0 -0.830~-0.109 0 -3.72~-1545 0 -0.394~0.161 0~1 -1617~-0.195 0
X
Bl 0.39% 1 -0.979 0 -0.486 0 -2.426 0 -0.294 0 -1.012 0
B {E 0.316~0.715 1 -1021~-0437 0 -0.938~-0.059 0 -3.491~-3.39 0 -1.639~0.157 0 -3.661~-0.957 0
] 0.515 1 -0.729 0 -0.4%9 0 =34 0 -0.741 0 -2.31 0
i W 0.461~1.417 I -1.258~-0.116 0 0.047 ~0. 689 I -0.95%~-0.177 0 0.105 ~0. 568 I -133%2~-0129 0
2]
Bl 0.93 1 -0.576 0 0.178 1 -0.385 0 0.231 1 -0.533 0
B WE 0.897~1.773  1~2 -0.174~-0.552 0 -0.107~0.759 0~1 -2.017~-0.93 0 -0.772~-0.113 0 -2.387~-1051 0
HiE 1.361 2 -0.888 0 0.302 1 -1.459 0 -0.288 0 -1.819 0
i HE - 0.447~0.946 I -2.011~-0.329 0 -0.079~0.726 0~1 -1.649~-0.199 0 -0.547~0.413 0~1 -2.583~-0.732 0
#ifg 0.793 1 -0.803 0 0.385 1 -0.892 0 0. 064 1 -1.238 0
Kl ffE 0.520~0.531 1 -0.094~0.018 0~1 -1210~-1172 0 -6.103~-4933 0 -0.801~-0.52 0 -2.563~-1.932 0
1
] 0.526 1 -0.038 0 -1.191 0 -5.518 0 -0.676 0 -2.248 0
! HE - 0.374~0.917 I -0.418~-0.152 0 0.104 ~0.327 1 -1862~-0.509 0 0.079 ~0.458 1 -0.833~-0376 0
fi
#fg 0.762 1 -0.264 0 0.127 1 -0.939 0 0.212 1 -0.441 0
HHE WE 0.758~1.013  1~2 -1.089~-0.077 0 -0.497~0.408 0~1 -1.442~-0.008 0 -0.759~0.511 0~1 -2.223~-0.506 0
B W 0.8 I -0.62 0 -0.085 0 -0.72 0 -0.086 0 -1.3%4 0
I HE 0,466 ~0.837 I -L179~-0.401 0 -0.554~-0.124 0 -3.017~-1.758 0 -0.79%~-0.287 0 -2.752~-1.091 0
#ifg 0.611 1 -0.792 0 -0.214 0 -2.126 0 -0.482 0 -1.573 0
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RAVERR | W AARAE LA R ORI A 5 2. R 7 B
ARV E 6 FE 4R S Fe, Al, Mn FIA LI Z [H]
AR COCFR. AT RIEH, Niy Zn, Pb, Cu Z[H],
Fe 5 Al, Mn, Cr, As DL K Al il As Z [ AH &M
2 JiHJE Al-Fe . Fe-Cr. Cu-Zn. Zn-Ni iX 4 0%
ZIAAH RS R BN B 3, A R Bk H 0. 792
0.717.0.898 . 0.769 (P <0.01) , i B ix 24 H 4> J&
TG BTG L U5 ], 2 3 2ok 350 v sl g B AR SR AE DT
B Ab# e AR {H Ni, Zn, Cr, Cu,
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Table 6 Evaluation results of mC,, PLI and RI

E.

AR As Cr Cu Pb 7Zn Ni mCq PLI Rl
H 78 9 18. 204 1.152 5.320 1.365 0.972 4.167 0.923 0.775 31. 180
=YL 21. 162 1. 506 12. 862 4.904 3.098 6.193 1.793 1.547 49.724
T 19. 860 1.671 5.470 1. 666 1.258 4.070 1.054 0. 861 33.995
EL7R M 21.643 1. 847 5.554 0. 689 1.077 2.227 0.976 0. 652 33.037
[ 80 28.575 2.013 8. 487 5.744 1.761 5.184 1.585 1. 474 51.764
SR 38.517 1. 621 9.246 2.727 1.229 2.126 1.452 1. 086 55. 466
T 25.996 1.720 9.795 4.042 1.568 3.179 1. 405 1.234 46.300
K 21.593 2.924 3.285 0. 177 0.942 1.617 0. 930 0. 521 30. 538
ABAFTI 25.442 2.498 8. 190 3.911 1.737 5.524 1. 509 1. 409 47.302
pilnES ] 27.157 1.995 7.272 4.709 1.462 3.312 1.372 1.193 45. 906
[  141 22.914 1.733 6. 467 1.718 1.074 2.521 1. 062 0. 884 36. 427
Max 38.517 2.924 12. 862 5.744 3.098 6.193 1.793 1.547 55. 466
Min 18.204 1. 152 3.285 0. 177 0.942 1.617 0.923 0.521 30. 538
x7 TABMPeMELE., Fe, Al, Mn MEHRZ HHEXXR"D
Table 7 Correlation among six heavy metals, Fe, Al, Mn and organic matter in sediments
Al Fe Mn As Cu Pb Zn Ni HHLE

Al 1

Fe 0.792** 1

Mn 0.193 0.513** 1

As 0.654**  0.513**  0.237 1

Cr 0.401* 0.717**  0.415* 0.220

Cu 0.261 -0.016 0. 062 0.215 -0.145 1

Pb 0.448* 0.249 0. 186 0.437*  -0.095 0.682** 1

Zn 0.125 0. 007 0.177 -0.010 -0.058 0.898** 0.676** 1

Ni 0. 206 0. 040 0. 164 -0.196 -0.021 0.680" "  0.443" 0.769** 1

A BT 0.379 0. 150 -0.105 0.589** -0.111 0.274 0. 034 0. 000 -0.022 1

1) # # FIRFE 0. 01 K- OB BRI, * FRTE 0. 05 AKF (AU - 5 2540 ¢
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