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Evaluatlon and Source Analysrs (/ Soll -Heavy Metal/ P!(’)llutlon, in a Plantlng Area m

Wanquan Dlstrlct Zhangjlakou City ' g

AN Yo gne-lo lorrg , YINXfu-lan' * , LI Wen-juan' ]IN Aifang!, LU ng yuan' i
(1. China TnStitateof (}0 -environmental Monitoring, Beijing:10008 l5+China;2._ Be].grﬁ'g Institute of Ecological Geology, Beijing 102218 China)

Abstract? Tdkmg the soil of a vegetable planting area in Wanquan District of -thmg]ldkou City as the research object, 132 surface and 80 deep soil samples were collected to
test and anlal}'fze the contents of eight heavy metals such as As, Cd, Cr, Hg, Cu, Ni, Pb, and Zn and the occurrence forms of Cr and Ni. By applying geostatistical analysis
and the PMF receptor model and combining three heavy metal pollution evaluation methods, the spatial distribution characteristics of soil heavy metals in the study area, the
degree of heavy metal pollution, and the distribution of Cr and Ni fugitive forms in the vertical layer were clarified, and the sources and contribution rates of soil heavy metal
pollution were analyzed. The results showed that the average contents of Cd and Pb in surface soils were higher than the background values of soils in Hebei Province, and the
spatial distribution characteristics of Cr, Ni, Cu, Cd, Pb, and Zn in surface soils were similar. The ground accumulation index method showed that the study area was mainly
free of pollution, with a small number of lightly polluted sites, and most of them were polluted with Cd. The enrichment factor method showed that the study area was mainly
free-weakly polluted, with medium pollution of all elements; the significantly polluted elements in the background area were As, Pb, and Hg, and the significantly polluted
element in the key area was Cd. The potential ecological risk index method showed that the study area was mainly lightly polluted, with local distribution. The potential
ecological risk index method showed that the study area was mainly lightly polluted, with a local distribution of “medium” and “strong” risk points, with “very strong” risk
points for Hg in the background area and “very strong” risk points for Cd in the focus area. These three evaluation results indicated that the background area was dominated
by Cd and Hg pollution, whereas the focus area was dominated by Cd pollution. The study on the fugitive morphology of vertical soil showed that Cr was dominated by the
residue state (F4) and supplemented by the oxidizable state (F3), and the vertical direction was dominated by the surface aggregation type and supplemented by the weak
migration type. Ni was dominated by the residue state (F4) and supplemented by the reducible state (F2), and the vertical direction was dominated by the strong migration
type and supplemented by the weak migration type. The sources of heavy metals in the surface soil were divided into three categories; Cr, Cu, and Ni were mainly from natural
geological background sources. The contributions of Cr, Cu, and Ni were 66. 9%, 66.9%, and 76. 1%, respectively. As, Cd, Pb, and Zn were mainly from anthropogenic
sources,, with contributions of 77.38%, 59.2%, 83.5%, and 59. 5%, respectively. Hg was mainly from dry and wet atmospheric deposition, with a contribution of 87. 8% .
Key words: planting areas; soil heavy metals; fugitive morphology; source apportionment ; positive matrix factorization ( PMF)
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Fig. 2 Histograms and box plots of heavy metals in soil samples from background and priority areas
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Fig. 3 Spatial distribution of heavy metals in the regional surface soil
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Fig. 10 Correlation analysis between heavy metal contents of soils
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Table 5 Contribution of soil heavy metal pollution sources/%

A As Cd Cr Cu Hg Ni Pb Zn

1 0.42 26.3 66.9 66.9 12.2 76.1 0 24

2 717.38 59.2 32.95 32.95 0 23.9 83.5 59.5

3 22.2 14.5 0.15 0.15 87.8 0 16.5 16.5
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FBI 0.90 0. 008 0.15 28.3 5.71 59.2 19.2 6. 10
FB2 4. 10 0. 008 0.10 51.2 14.5 98.3 45.1 16.7
FB3 1.33 0. 008 0.14 15. 4 10.9 57.6 22.1 6. 65
HFV 8.38 0.194 0. 281 7.5 21.5 48.1 18.2 12.5
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