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Abstract: Heavy metal pollution has seriously endangered human health and food security. In order to explore the dynamic changes of
heavy metals in soil in different periods, a total of 95 surface soil samples (bulk soil) were collected from Wuqing District, Tianjin, China.
Then the heavy metals (i.e., As, Cd, Cu, Cr, Ni, Pb, and Zn) concentrations in these simples were quantified. The spatial distribution of soil
heavy metals in farmland was analyzed based on geostatistical analysis to explore the accumulation of heavy metals in soil, potential
ecological risks and sources of heavy metals in soil. The results showed that the cumulative pollution of heavy metals Ph, Cu, Cr, Zn, Cd

and As increased with time except Ni. The geoaccumulation index and potential ecological risk index indicated that Cd and As in the study

Wi HE:2021-08-19 A EH:2021-10-09

PEE BT : SRR (1992—) , 95 A AR M LR 2 R L M9 5 5 PR R IF 5T . E-mail : huiyuesu@stu.scau.edu.cn

HEIS1EE : T  E-mail :selinapple@163.com

BEETA : FE T APL IR (2016YFD0800307) ; % H 4R RHFE 43 H (U1901601)

Project supported : The National Key R&D Program of China(2016YFD0800307) ; The National Natural Science Foundation of China(U1901601)

http://'www.aed.org.cn



FIERR, % R R AR RMER T IEE &R 0 KU T F1 % 8 5 T 2021411 8

area were the main contributors to the total ecological risk. The spatial characteristics of heavy metals in 2005 and 2019 showed that Cu,

Cr, Ni, Zn and As had similar spatial distribution, the high—value areas were concentrated in the southwest of the study area. The high—
value areas of Pb showed non—point source pollution, while Cd showed obvious point source pollution. Cu was mainly affected by
agricultural fertilization, Zn was mainly affected by agricultural fertilization and sewage irrigation. As, Ni and Cr was mainly caused by soil
parent material. Cd might originate from industrial activities. Pb was attributed to traffic exhaust emissions. The study have shown that the
main causes of heavy metal accumulation were industrial emissions and sewage irrigation. This study clarifies the spatial distribution

characteristics and pollution sources of heavy metals in soil in Wuqing District, Tianjin, which can provide theoretical basis for pollution

control and ecological protection in the study area.

Keywords: vegetable cultivated area; heavy metal; risk assessment; spatial distribution; industrial emissions; sewage irrigation
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Figure 1 Position and the sampling point distribution of the study area
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Table 1 Evaluation methods and the assessment standards

b BRFFEH0: Geo—accumulation index

5 YL A7 fur 8 B0 Pollution load index

VEAE A2 25 KU 5 8507 Potential ecological risk index

Lo A 55 2% Risk grade I RS S5 4% Risk grade E! XU 25 2% Risk grade
<1 Jeis Yz B i In<1 UREES Ei<40 TR
1<1,.,.<2 CHEREEAS 1<[n<2 HhRE S g 40<E! <80 Fh A XL
2<1,.,<3 TR R R 2<In<5 SRITY 80<E: <160 SR XL
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Table 2 Statistical results of soil heavy metal contents
mam| RAE IR/ ME T E brifl 22 i )£ (90 S F R X A
Heavy metal Year Max/(mg-kg™") Min/(mg-kg"') Mean/(mg-kg"') SD/(mg-kg™") Skewness Kurtosis ~ CV/%  Background value/(mg-kg™)
Cd 2005 3.12 0.02 0.15 0.15 14.59 274.04 98.06 0.09
2019 2.83 0.06 0.23 0.31 7.03 56.15 136.15
Pb 2005 72.80 6.93 24.30 5.23 2.32 16.17 21.52 20.6
2019 191.87 17.91 46.28 29.27 3.05 11.05 63.25
As 2005 30.70 0.00 9.25 2.99 2.58 14.90 32.25 8.39
2019 25.73 1.08 13.36 3.26 0.79 3.93 24.39
Cr 2005 140.18 8.03 60.87 12.76 0.86 3.15 20.96 63.69
2019 113.30 48.21 69.33 12.82 0.89 0.50 18.50
Cu 2005 91.20 0.55 24.18 7.37 1.93 13.53 30.46 19.88
2019 233.30 17.26 35.76 23.80 6.44 51.45 66.55
Ni 2005 74.45 2.30 31.08 8.89 0.79 1.32 28.60 26.69
2019 47.19 19.89 29.49 6.82 1.10 0.33 23.14
Zn 2005 141.50 8.00 71.14 20.44 0.47 0.59 28.73 66.87
2019 801.93 61.03 113.64 78.81 7.43 63.49 69.35
http://www.aed.org.cn — 1125 —
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Figure 2 Geo—accumulation index(/.,,a) and ecological risk index(E/,b) of heavy metals in 2005
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