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Abstract: In order to investigate the pollution status and sources of heavy metals in farmland soils around the
typical industrial agglomeration area in the Central Plains, taking the farmland soil around an industrial cluster in

Henan Province as the research object, this study analyzed the contents, spatial distribution characteristics and
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ecological risks of eight heavy metals (Cu, Cd, Hg, As, Cr, Zn, Ni, Pb) in both surface and vertical profiles of
farmland soils in the study area. Correlation analysis and absolute principal component score—multiple linear
regression (APCS—MLR) model were used to analyze the sources of heavy metals in the soil of the study area. The
results indicated that the average contents of eight heavy metals in the surface farmland soil of the study area did not
exceed the screening values for soil pollution risks of agricultural land stipulated by the national standard. However,
the average levels of Cu, Zn, Cd, Hg and As were higher than the background values of the soil in Henan Province.
Spatially, the high—value areas of Cr and Zn in the surface farmland soil were mainly concentrated in the eastern
part of the study area, the high—value areas of Cu, Ni and Cd were mainly concentrated in the western and southern
parts of the study area, and Hg and Pb showed point—source distribution patterns. Vertical distribution
characteristics suggested that most of the eight elements in the farmland soil in the study area were enriched in the
topsoil and were difficult to migrate downward, which might be caused by the soil compaction resulting from
petroleum extraction activities. The comprehensive pollution degree of eight heavy metal elements in the farmland
soil of the study area was relatively low, and the comprehensive ecological risk level was medium. Among them, the
ecological risk levels of Cd and Hg elements were relatively high, at medium or above levels, while the ecological
risk levels of the remaining heavy metal elements were all relatively low. The APCS—-MLR model identified three
sources of heavy metals. Cr, Ni, Cu and Zn were mainly from industrial sources, namely the production activities of
petrochemical enterprises and related industrial enterprises, and the contribution rates of this source to Cr, Ni, Cu
and Zn were 92.40%, 56.92%, 62.20% and 84.64%, respectively. Cd, Pb and As were mainly from traffic sources,
that is, dust deposition caused by exhaust emissions and tire wear during transportation,and the contribution rates of
this source to Cd, Pb and As were 53.25%, 71.26% and 42.78%, respectively. Hg was primarily associated with a
comprehensive pollution source caused by the accumulation of agricultural-anthropogenic solid waste. Among
them, the contribution rate of agricultural sources to Hg was 33.23%, and the contribution rate of unknown sources
to Hg was 48.17%. These findings provide a scientific basis for the precise prevention and control of regional heavy
metal pollution and have important practical value for ensuring the environmental quality of farmland soil and the
safety of agricultural products around the chemical industry agglomeration area.
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Fig.1 Geographical location of the study area and the distribution of sampling points
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Tab.l  Descriptive statistical characteristics of heavy metal content of surface farmland soil in the study area
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JLE (mgkg') (mgekg")  (mgokg!)  (mg-kg™)  (mgekg)  Hu% H%  pH>7.5  6.5<pH<7.5 FAH?/(mg-kg™)
Cr ND 95 33.35 27 17.07 51.2 0 250 200 63.2
Ni ND 38 23.16 22 6.30 27.2 0 190 100 27.4
Cu ND 332 21 20.7 5.02 23.88 0 100 100 20
Zn ND 174 73.67 68 27.63 37.51 0 300 250 62.5
Cd ND 0.19 0.13 0.13 0.03 25.06 0 0.6 0.3 0.065
Pb ND 74 12.24 11 9.46 77.23 0 170 120 22.3
Hg 0.014 3.25 0.13 0.06 0.45 354.04 0 3.4 2.4 0.025
As 9.03 23.6 13.01 12.6 2.81 21.61 0 25 30 9.8
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Fig.2 Spatial distribution characteristics of heavy metal content in surface farmland soil in the study area
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Tab.2  Evaluation results for pollution level and ecological risk of

heavy metals in farmland soil in the research area

G-I P P PfH E¥)fH RI{H
Cr 0.13 1.05
Ni 0.12 422
Cu 0.21 5.24
Zn 0.24 1.18
cd 0.22 0392 61.28 2Lz
Ph 0.07 272
Hg 0.04 202.13
As 0.52 13.3
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Tab.3  Correlation analysis of heavy metal elements in farmland soil in the research area

e RITR Cr Ni Cu Zn Cd Pb Hg As
Cr 1
Ni 0.407" 1
Cu 0.332" 0.674" 1
Zn 0.513" 0.319 0.603" 1
Cd 0.039 0.274 0.235 -0.018 1
Ph 0.132 0.139 0.023 -0.018 0.304" 1
Hg 0.182 0.334" 0.028 -0.221 0.085 0.064 1
As 0.083 0.134 0.268 0.067 0.403™ 0.267 -0.119 1

T TRIRAE 0.01 AKF GO b 235 48156 5 "R AR TE 0.05 /K- U 8 35 A0 5%
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Fig.4 Results of principal component analysis
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calculated by APCS—-MLR model
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