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Spatial differentiation characteristics and environmental risk assessment of heavy metals in wetland sediment
in an agricultural runoff area in the Qilu Lake basin

PU Jiang'?, ZHANG Cuiping’, LIU Shujuan®, YANG Xiaoyan*, ZHAO Bin* LI Shuying?, LU Yifeng"", WANG Yuanyuan’, ZHOU Yuanqing™
(1.School of Ecology and Environmental Sciences, Yunnan University, Kunming 650091, China; 2.Research Center for Pollution Control
and Ecological Restoration, Yuxi Normal University, Yuxi 653100, China; 3. Faculty of Animal Science and Technology, Yunnan
Agricultural University, Kunming 650201, China; 4.School of Resources and Environment, Yunnan Agricultural University, Kunming
650201, China; 5.Yuxi Fuxian Lake Protection Development Investment Co., Ltd., Yuxi 653100, China)

Abstract: To understand the spatial differentiation characteristics and potential hazards of heavy metals in lakeside wetlands caused by
low—pollution water in the agricultural runoff area of Qilu Lake, the surface sediments of 32 different types of wetlands (river wetlands n=

13, constructed wetlands n=10, and lake wetlands n=9) in the lakeside agricultural runoff area were collected to detect the contents of the
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heavy metals Cu, Zn, Pb, Cr, Cd, Ni, and Hg. The spatial distribution characteristics of the seven heavy metals were analyzed by inverse

distance weighted interpolation in ArcGIS, and the Hakanson potential ecological risk index method was used to evaluate the risks of heavy
metal pollution in the Qilu Lake agricultural runoff area. The results showed that the degree of pollution of the seven heavy metals in
different types of wetlands was different, and the average content was in the order of river wetlands>constructed wetlands>lake wetlands.
The average content of heavy metals was in the order of Zn>Cr>Cu>Ni>Pb>Cd>Hg. Except for Pb, the heavy metals exceeded the
background value of Yunnan soil, and the proportion of Cd samples exceeding backgroung value was as high as 100%. The risk index of the
agricultural runoff area ranged from 112 to 1 241, with an average of 264, which indicated a moderate risk level. There were clear
differences in the distribution of heavy metals, which was higher in the north than in the south and higher in the west than in the east. The
areas with a high distribution were consistent with the results of the potential ecological risk assessment. The correlation analysis showed
that the sources of Cu, Ni, Cr, and Zn pollution were mainly agricultural activities; the sources of Pb pollution were mainly related to road
traffic, but were also affected by industrial activities; and the sources of Cd pollution were mainly agricultural activities and industrial
activities. There were spatial differences in heavy metal pollution among the different types of wetlands in the Qilu Lake agricultural runoff

area, among which Cd and Hg pollution were serious. High ecological risk areas appeared in the northwest and southwest, which should be

given more attention.

Keywords: Qilu Lake runoff area; low—pollution water; heavy metals; spatial differentiation characteristics; ecological risks
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Single factor

Pollution  Potential ecological ~ Level of potential

pollution index(C;)  degree risk index(/x) ecological risk
Ci<l THi ;<150 B
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2<Ci<3 rhgE 300</:<600 i
C>3 I 1,600 iEiH
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Table 1 Soil background values and toxicity response coefficients of heavy metals in Yunnan Province

i H Ttem Cu Pb Cd Cr Ni Hg
+ 1895 5 Soil background value/(mg-kg™) 46.30 40.60 0.218 65.2 42.5 0.058
FEMENR 1 22 8 Toxicity response coefficient(T}) 5 5 30 2 5 40
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Table 3 Descriptive statistics of heavy metals in soils of the study area

S TR Fie| THE )r‘/ﬂ’ﬁ%_ . E%‘%éﬁc E%ﬁ%{a‘ﬁéﬁ Hf .
Wetland type Heavy metal Rangeﬁ/I Averagi/ Standard de\gauon/ Coefflment of Proportion of samples exceeding
(mg-kg™) (mg-kg™) (mg-kg™) variable/% background values/%
FEINRITA ! Cu 30.50~227.00 85.20 64.62 75.85 69.23
River wetland Zn 83.90~472.00 188.67 123.25 65.33 76.92
Pb 0.20~88.10 34.61 26.55 76.72 22.08
cd 0.24~3.22 0.98 0.49 50.79 100
Cr 38.00~359.10 98.26 84.53 86.03 61.54
Ni 5.10~901.00 94.77 242.84 256.24 30.77
Hg 0.06~1.39 0.30 0.39 130.26 100
N T Cu 20.90~47.50 35.16 8.38 23.83 10.00
Constructed wetland Zn 60.20~172.10 115.86 32.42 27.98 62.00
Pb 0.20~41.40 17.76 13.96 74.63 10.00
cd 0.26~1.46 0.72 0.35 49.09 100
Cr 27.90~202.10 85.30 61.15 71.69 38.00
Ni 5.00~46.00 24.97 13.95 55.85 20.00
Hg 0.02~0.22 0.09 0.05 56.72 80.00
TVt Cu 27.10~83.00 35.52 16.93 47.65 11.13
Lake wetland Zn 70.80~318.00 116.31 72.87 62.66 56.56
Pb 0.20~173.10 33.96 50.08 147.47 11.11
cd 0.11~2.14 0.88 0.65 73.52 88.89
Cr 33.00~143.00 92.24 38.07 4127 77.78
Ni 5.00~42.70 26.34 14.26 52.87 11.11
Hg 0.03~0.15 0.09 0.04 47.44 77.18
— 758 — http://www.aed.org.cn
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Figure 2 Spatial distribution of heavy metals in sediment of Qilu Lake wetlands
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Figure 3 Single factor pollution index based on soil background value in Yunnan Province
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Table 4 Pearson correlation of soil physical and chemical factors and heavy metal concentrations

F4 TEBUETFEESRESENHEXME

F8 5 Indicator Cu Zn Pb Cd Cr Ni Hg pH oM TN TP
Cu 1
Zn 0.499%* 1
Pb 0.159 0.703%*%* 1
Cd 0.181 0.363* 0.346* 1
Cr 0.499%* 0.485%%* 0.407* 0.02 1
Ni 0.629%* 0.643%* 0.343 0.151 0.784%%* 1
Hg 0.305 0.741%%* 0.358* 0.252 0.216 0.391* 1
pH -0.418% —-0.304 -0.053  -0.560**  -0.145 -0.396* -0.420%* 1
OM 0.227 0.793%*%* 0.590%* 0.156 0.452%%* 0.477%* 0.717%* -0.105 1
TN 0.15 -0.219 -0.287 0.527%* -0.261 -0.091 -0.046  -0.606%* —0.474%%* 1
TP -0.127 -0.334 -0.409* 0.186 -0.395* -0.156 -0.112 -0.422%  -0.526%*  0.519%* 1
R AE P<0.0S K 835 A 5 ##ZR1E P<O.01 /K- 3 A =32
Notes: * indicates a significant correlation at P<0.05 level; ** indicates a significant correlation at P<0.01 level; n=32.
R5 TEESRTREFHE
Table 5 Factor matrix of heavy metal elements of soil
IEEGJ\ ‘ L (T b%ﬁﬁk}i ?le%ﬁﬁki
Principal Cu Zn Pb cd Cr Ni HE  igen value Variance Cumulative variance
components contribution rate/% contribution/%
PC1 0.675 0.913 0.668 0.389 0.727 0.834 0.666 3.554 50.77 50.77
pPC2 -0.374 0.242 0.390 0.623 -0.504  -0.403 0.347 1.275 18.22 68.99
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