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Pollution Characteristics of Heavy Metals in Soils and Ecological Risk with Returning

Farmland to Lake in West Lake Area of Hengshui Lake

YOU Bensheng', YANG Liming?, CAI Jianxia?, TONG Chengfei’, ZHOU Ziyi’, MA Shuzhan', CHEN Kaining®, GU Xiaozhi*"
(1 State Environmental Protection Key Laboratory of Aquatic Ecosystem Health in the Middle and Lower Reaches of Yangtze
River, Jiangsu Provincial Academy of Environmental Science, Nanjing 210036, China; 2 State Key Laboratory of Lake Science
and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: The West Lake area of Hengshui Lake is an important ecosystem service supply area, part of the soil would be flooded
in the process of ecological water replenishment and returning farmland to the lake. This paper scientifically evaluated the
ecological risk of soils in the West Lake area from the following three aspects: the distribution characteristics of soil heavy metals,
the assessment of ecological risk, and the risk estimation of flood release flux, in which 46 quadrats of 9 sections were arranged,
0-60 cm soils were sampled, and 7 types of controlled heavy metals were determined, the spatial distribution characteristics of
heavy metals and ecological risk levels were assessed using the methods of geo-accumulation index and potential ecological
hazard index, the risk of heavy metal release of flooded soils were evaluated by indoor simulation method. The results showed
that the average contents of Zn and Cd in the soil of the West Lake area was significantly higher than the background values in
Hebei Province, Cd accumulation was relatively obvious, with 97.83% of the area above the moderate pollution level. The
contents of all heavy metals were higher in the south and north but lower in the middle, the soil was at a low risk level as a whole.

The contribution rates of heavy metals to ecological risk were as follows: Cd>As>Pb>Cu>Ni>Cr>Zn, 37.71% of the ecological
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risk was from Cd, followed by As (18.81%) and Pb (4.94%). The release characteristics of heavy metals in flooded soil varied
significantly with land use types, in which the vegetable fields had the highest release flux, followed by the orchards, while the
wheat fields were the lowest. The accumulation of organic matter caused by different land use types may be the main reason for
the difference in heavy metal release flux in soils. The surrounding area of Hengshui Lake is dominated by calcareous soil (soil
surface leaching solution pH=9; Ca*" content was 1.135-1.143 mg/g), these heavy metals mainly occurred in carbonate binding
state are relatively stable, the leaching concentrations of all heavy metals in water soluble state did not exceed the standard after
being flooded. Thus, the overall risk of water ecological security is low after returning farmland to lake in the West Lake area of
Hengshui Lake.

Key words: West Lake area of Hengshui Lake; Distribution characteristics of heavy metals; Soil flooding; Release flux;

Ecological risk
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Fig.1 Soil sampling sites in West Lake area of Hengshui Lake
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Table 1 Background values of soil heavy metals and risk screening values of heavy metals in agricultural soil in Hebei Province
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Table 2 Risk assessment of heavy metals in agricultural soil
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Fig. 2 Spatial distribution of 7 controlled heavy metals contents in soils of West Lake area of Hengshui Lake
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Table 3  Correlation analysis of soil heav

y metal contents with TN, TP and organic matter
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Fig.3 Accumulation degrees of 7 controlled heavy metals in soils
of West Lake area of Hengshui Lake
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Fig. 6 Release concentrations of heavy metals in flooded soils under different land use types
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Fig. 7 Fluxes of heavy metal release in flooded soils under different
land use types
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BN Cd SHAREYRIL, RASED B GH
N
32 ARTHAARETESESERMEFIESH
5 7K T VT DX AS ] b ) P 28 75 - 398 v K Ak B
J5 4% B 42 JE 0 3 2 I AN [R]  RETECRAE , R
KR AT 24 H & B u BB IE = AR 22 Sy &
TR RO BRI R B gT R b E S R SR
R A B AT A S 0 DX IE o 0 7 A 45 2 PR S
I 4R AT A AR S AN A B AR
A B RR, PR | RIGR FH2E T
A S AP Z B, IR R L SR
T X 4 3 4 R R B AR, EH R B & e
AL, XK H R 4R TR Cr Al
Cu % BRM FZR, I REF FIARAR B A9 28 K 5 4
JE Y PR TR FE R A BB M RAEPORF 9T K B K
KSR T A 4 S e A 22 S v o R R T R el
CAE it AR 2 AR IR FH b 24 B i R WK R S T
FIR R R . 45 & IR, PO X AT AL &
BN 1.7% ~ 8.7%, YHE N 4.1%, 125 E150A6 5%
A S P ERAL, XS AR REUM R EAE — 2
F W 4 e ML X R 4w B W A VR R EY, fE
— B F o IR E SR E LR FE, R
[] = Mo A SR WL & o A A e 25 5, oo
WA MU SR, HOh R, B & e Rl H
JE DR AT i 2 S AN A il FH 7 8 250 25 HILIE B AT
FEAT LA RE AR B, 500l 35 i A T - 395 ML ) 22
RSO 55 ok B A8, 1 T S B8R b R AR ) B 4 1)
AR R . XY S I B 2% A i A B AN AR A
AR, N K S 4 JE IR S, dEim R

x4 BKEIRESERUSMESRI

Table 4 Heavy metal leaching toxicity in flooded soils

Gk FRAH(ng/L) /M (ng/L) S (ng/L) L AR 4 AR HEBR A (mg/L) BT
Cr 2.70 0.49 0.80 15 o
Ni 7.60 2.70 5.09 5 o
Cu 7.99 2.48 2.86 100 En
Zn 56.48 18.08 30.08 100 D
As 35.94 3.72 12.13 5 D
Cd 0.08 0.03 0.04 1 &
Pb 1.68 0.39 0.41 5 o
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