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Analysis of Characteristics and Sources of Heavy Metal Pollution in Farmland Soil in the North China Plain
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Abstract
area, 377 surface soil samples (0—20 cm) were collected, and the contents of 5 heavy metals (Pb, Cd, Cr, As, and Hg) were analyzed and
determined. Single factor pollution index, the Nemerov pollution index method and the potential ecological risk index method were used to eval-

A certain place in the North China Plain (an important nonferrous metal industry base in the country) was selected as the research

uate the pollution and ecological risk status of heavy metals in the study area. The factor analysis method was used to analyze the sources of
heavy metal elements in farmland soils in the study area. The results showed that the percentages of points where the content of Pb, Cd and As
in the farmland soil of the study area exceed the soil pollution risk screening value ( GB 15168—2018) of the farmland in the study area were
6.10%, 44.30% and 1.33% respectively. Based on the soil pollution risk screening value of farmland, the pollution level of Cd and Pb in the
farmland soil of the study area was severe pollution, the pollution level of As was moderate pollution, and the pollution level of Cr and Hg was
safety level. Based on the soil pollution risk screening value of farmland, Cd in the farmland soil of the study area was a medium ecological
risk, and the ecological risk of Pb, Cr, As, and Hg was low. The average comprehensive potential ecological risk index was 56. 64, indicating
that the farmland soil in the study area was at a slight ecological hazard level. Among them, Cd was the most important pollution factor and eco-
logical risk factor in the farmland soil in the study area, with a contribution rate of more than 80%. The results of correlation analysis and prin-
cipal component analysis show that As in the farmland soil of the study area was mainly derived from natural sources and was controlled by soil-
forming parent material ;Cd and Pb were mainly derived from industrial and agricultural sources in human activities ; Hg was mainly derived
from industrial sources in human activities ; Cr was affected by both soil-forming factors and human activities.
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Table 1 The risk screening value of soil contamination of farmland

mg/ kg
LR
ey 00 wsss PIED O s
cd 7K H 0.3 0.4 0.6 0.8
HoAth 0.3 0.3 0.3 0.6
Hg 7K H 0.5 0.5 0.6 1.0
HoAth 1.3 1.8 2.4 3.4
As K H 30 30 25 20
HoAth 40 40 30 25
Pb 7K H 80 100 140 240
HoAth 70 90 120 170
Cr K H 250 250 300 350
Hflh 150 150 200 250
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Table 2 Standards for the classification of soil heavy metal pollution

levels
P VR ||y VIR
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Table 3 The classification standard of potential ecological risk of soil

heavy metals
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Table 4 Descriptive statistics of heavy metals content in soil mg/kg

I H Item Pb Cd Cr As Hg
#5/ME Minimum value 12. 50 0.06 37.90 1. 66 0.01
KA Maximum value 753. 00 12. 00 118.00 81.00 2.01
SE-Y4{E Mean value 63.52 0.97 61.48 11.40 0.08
Fi{7 % Median 40.30 0.55 61.10 10.90 0.06
FrifEZE Standard deviation 89. 41 1.30 8.65 4.78 0.12
I Kurtosis 27.08 21.07 9.12 122.22 163.71
1 J& Skewness 4.79 3.92 1.54 9.06 11.31
s B Z K Variable coefficient 1.41 1.34 0.14 0.42 1.49
W78 X 15 5 (8 Background values (study area) 35.05 0.34 61.61 10. 80 0.05
T i 15 5 (8 Background values in Henan Province 22.30 0. 065 63.20 9.80 0.025
% FH 3t 4 39 JXU B 5 %6 {f Risk intervention values for 170. 00 0. 60 250. 00 25.00 3.40

soil contamination of farmland
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Table 5 Evaluation results of soil heavy metal pollution index

BTG RE 5 T 5 19 HG 5 Proportion of sample points of each grade//%

)R P P —n . . e
Heavy metal inin CIRETS RS Y HEETS iR
Uncontamination Mild pollution Moderate pollution Severe pollution
Pb 0.070 4.430 93.90 3.98 1.06 1.06
Cd 0. 100 20. 000 55.70 22.55 9.55 12.20
Cr 0. 150 0.470 100. 00 0.00 0. 00 0.00
As 0.070 3.240 98. 67 1. 06 0. 00 0.27
Hg 0.003 0. 590 100. 00 0.00 0. 00 0.00
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Table 6 Evaluation results of soil heavy metal comprehensive pollution

index
Th ol ]
Heavy metal Pollution level
Pb 3.14 TG
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Hg 0.42 T
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Table 7 Potential ecological risk assessment of soil heavy metals

B ST RE 5 5 1R HL A5 Proportion of sample points of each grade//%

THR .

Home mets] S e Bk W W%
Slight harm Secondary harm Strong ham Very strong harm Pole-strength harm

Pb 1.87 100. 00 0.00 0.00 0. 00 0. 00

Cd 48.75 60. 75 24.93 9.55 3.18 1.59

Cr 0.49 100. 00 0.00 0.00 0.00 0.00

As 4.56 100. 00 0.00 0.00 0. 00 0. 00

Hg 0.97 100. 00 0.00 0.00 0.00 0.00

RI 93.10 4.51 2.12 0.27
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Fig.1 The contribution rate of soil heavy metals to potential ec-
ological risk
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Table 8 Correlation analysis of soil heavy metal elements
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Table 9 The overall explained variance of the soil heavy metal content in the study area and its component matrix and rotation component matrix

VILHFFAE(E Initial eigenvalue

RIUFFIE(E Extract eigenvalues

£ %) . Rt . 2R
Principal FRHEAR A Accumulative AR AT Accumulative
, . . Contribution - . Contribution 0.
components Eigenvalue ate,//% contribution Eigenvalue ate,/% contribution
rates/ze rate//% rate/s rate//%
1 2.245 44.897 44.897 1. 861 37.219 37.219
2 1. 165 23.292 68. 189 1.363 27.268 64. 487
3 0. 820 16. 401 84.590 1.005 20. 102 84.589
4 0. 562 11.248 95. 838
5 0.208 4.162 100
F10 HESEREEMSHG
Table 10 The main component loads of heavy metals in the soil in the study area
FLJE WG T 784 Initial factor load JiEH% J5 A F-2k far Factor load after rotation
Heavy metal PC1 pC2 PC3 PC1 PC2 PC3
Pb 0.899 -0.143 -0.236 0. 906 0.225 0.118
Cd 0.790 -0.354 -0.273 0.89%4 -0.012 0. 157
As 0. 693 0.472 -0.041 -0.049 0.907 0.061
Cr 0. 398 0.734 0.363 0. 459 0.700 -0.070
Hg 0.417 -0. 506 0. 746 0. 169 0.015 0.979
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L0 e = HRERETF
N 5= U (PC3) 07 25 TR 20, 102%, PC3 A7
' BT M AAH Hgo WS IXAC B+ 58 Hg (934 {H R
%06 0.8 mey ke, i T 0715 B8 FLIK L3207l 4115
S {ELFY 80. 4 £, AHOCIMT A R LR Hg 55 Cr As BIEAI,
s (4 {H2 He 5 Cr As BOFC R BURR , VLI DT E 1X A FH £ e

0.2

E2 TESEEEIFMIHME
Fig.2 Principal component loads of heavy metals in soil
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