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Abstract. Heavy metal pollution in farmland soil can affect the growth, development, and yield of vegetable crops, as well as the quality and taste of vegetables, and can be

continuously transmitted and enriched through the food chain, which ultimately poses a certain hazard to human health in the long term. Therefore, in order to investigate the
distribution characteristics of soil heavy metals after years of multi-crop planting of vegetables supplied to Hong Kong, predict their ecological risks, and analyze the causes of
pollution formation, 477 surface soil samples of vegetable fields supplied to Hong Kong in Ningxia were collected for three consecutive years from 2019 to 2021, and the contents and
distribution characteristics of eight heavy metals, namely, As, Cd, Cr, Hg, Pb, Cu, Zn, and Ni were analyzed. The soil heavy metal pollution status of vegetable fields supplied to
Hong Kong in Ningxia was evaluated using the single-factor pollution index method , Nemero’s comprehensive pollution index method, land accumulation index method , and potential
ecological risk index method, and the sources of heavy metals in vegetable fields supplied to Hong Kong in Ningxia were analyzed using the Pearson’s correlation analysis and the
principal component analysis method. The results showed that the mean values of As, Cd, Cr, Hg, Cu, and Zn in the soils of Ningxia’s vegetable fields were higher than the
background values of Ningxia soils, but the contents of all eight heavy metals were lower than the risk screening values of domestic agricultural soils ; in terms of spatial distribution,
As, Cr, and Ni showed contiguous high values in the northwestern, central, and southern parts of the study area, whereas Ph, Zn, Cd, Hg, and Cu showed high values in the
northwestern and southern parts of the study area. The single-factor index method and the Nemero’s comprehensive pollution index method showed that the soil of Ningxia’s vegetable
farmland for Hong Kong was at the clean level as a whole. The results of the ground accumulation index method showed that the pollution in the study area was mainly Hg and Cd
pollution, and the pollution areas were mainly concentrated in the northwest and south of the study area. The potential ecological risk index showed that Hg and Cd were the main risk
elements, among which Hg was dominated by moderate, strong, and very strong ecological risks, accounting for 44.65%, 44.65%, and 1.26%, respectively, and Cd was dominated
by moderate and strong risks, accounting for 65.83% and 3.56%. The comprehensive Pearson correlation analysis and principal component analysis showed that the pollution sources
of eight heavy metals could be divided into three categories, namely, natural sources: Cu, Zn, Pb, As, Ni, and Cr; agricultural sources: Cd; and industrial and agricultural

sources: Hg. From a comprehensive point of view, the heavy metals of the soil in the fields of vegetables supplied to Hong Kong had not exceeded the standard, and the environmental
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conditions of the soil were good, such that the production of vegetables supplied to Hong Kong by Ningxia was at a safe level overall. The results of the study can provide a theoretical

basis for the safe utilization of soil in vegetable fields and the green production of vegetables supplied to Hong Kong in Ningxia, which were aimed to provide help for the safe

production of vegetable fields supplied to Hong Kong, the rational application of fertilizers, agronomic planning, and the adjustment of planting structure.

Key words: Ningxia; vegetables for Hong Kong; soil heavy metals; spatial distribution; ecological risk evaluation; source analysis
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Table 1~ Soil sample determination method
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Table 2 Soil heavy metal pollution evaluation grading table
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Table 4  Classification and hazard class of heavy metal potential

ecological hazard index
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Table 5 Characterization of heavy metal content
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Fig. 2 Spatial interpolation distribution of heavy metals in agricultural soils
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Fig. 4 Distribution of integrated contamination of agricultural soils
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Table 6  Soil heavy metal land accumulation index(]gen)

AN Te) ¥ e A G R R AU CREBRAR1% )

TR RRE  RNME PHE

Je 5 Y B i v 2 i [N Giy;a JE
As 0.08 -2.08 -0.53 469(98.32) 8(1.68) 0 0 0 0 0
cd 1.48 -1.30 0.02 221(46.33) 251(52.62)  5(1.05) 0 0 0 0
Cr -0.05 -1.31 -0.50 477(100) 0 0 0 0 0 0
Hg 2.02 -3.31 -0.31 301(63.10) 165(34.59) 10(2.10)  1(0.21) 0 0 0
Pbh 0.09 -1.29 -0.65 476(99.79) 1(0.21) 0 0 0 0 0
Cu 0.44 -1.71 -0.58 472(98.95) 5(1.05) 0 0 0 0 0
Zn 0.35 -1.56 -0.48 465(97.48) 12(2.52) 0 0 0 0 0
Ni 0.18 -1.77 -0.88 476(99.79) 1(0.21) 0 0 0 0 0
(@) As (b) Cd (¢) Cr (d) Hg K
- <0
-0~
1~2
-3

() Pb () Cu ®© Zn (h)Ni ]
0 80km {
1

Es BFRRE T RRER(L,)
Fig. 5 Soil land accumulation index (1) of agricultural land in the study area
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Table 7 Statistics of potential ecological risk index

AN T A 2 XU 85 R i KU GREAR 1% )

o PR RO b P B ARG AR REAR RERR
As 477 15.88 3.55 10.59 477(100) 0 0 0 0
Cd 477 125.60 18.21 47.85 146(30.61) 314(65.83) 17(3.56) 0 0
Cr 477 2.90 1.21 2.15 477(100) 0 0 0 0
He 477 243.81 6.06 55.24 187(39.20) 213(44.65) 71(14.88) 6(1.26) 0
Pb 477 7.99 3.06 4.83 477(100) 0 0 0 0
Cu 477 10.20 2.29 5.15 477(100) 0 0 0 0
7Zn 477 1.91 0.51 1.10 477(100) 0 0 0 0
Ni 477 8.52 2.21 4.14 477(100) 0 0 0 0
RI 477 318.84 43.70 131.05 339(71.06) 137(28.72) 1(0.21) 0 0
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Fig. 6 Pearson correlation analysis of heavy metals in agricultural soils
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Table 8 Principal component analysis of heavy metals in soils of

vegetable land for Hong Kong

JLE PCl PC2 PC3
Cu 0.913 -0.083 -0.091
Zn 0.853 0.148 -0.152
Pb 0.828 -0.062 0.275
As 0.818 -0.244 -0.071
Ni 0.782 -0.275 -0.213
Cr 0.776 -0.403 0.220
cd 0.621 0.602 -0.376
Hg 0.596 0.593 0.456
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