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Spatlal Dlstrlbutlon Contammatlon Assessment, and Sources of Heavy Metals

in'the’ Urban Green Space Soils-of ‘a- Cjty in North China

ZHAO L;dng , LIANG Yun-ping’, CHEN Qian’, XU Qian', JING Hong-wei'*

(1. Beijing Municipal Ecological and Environmental Monitoring Center, Beijing 100048, China; 2. Beijing Radiation Safety Technology
Center, Beijing 100089, China; 3. College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China)
Abstract: To study the condition of urban green space soils in the central parts of a city in North China, the spatial distribution,
sources, and pollution levels of heavy metals (Cd, Hg, As, Pb, Cr, Cu, Zn, and Ni) within green space soils in the central urban
districts of the city were investigated. The results showed that the soil quality was high overall. The mean concentrations of Cd, Hg,
As, Pb, Cr, Cu, Zn, and Ni were 0.172, 0.202, 9.02, 34.7, 57.0, 31.2, 85.7, and 26.3 mg-kg™', respectively. The mean
concentrations of Cd, Hg, Pb, and Zn in urban soils exceeded the background value of the Beijing-Tianjin-Tangshan region. All of the
samples’ heavy metal concentrations were lower than the risk screening values for soil contamination of development land in the national
soil environment quality standards. With respect to the spatial distribution, the concentrations of As, Cr, and Ni were higher in the
northwest of the study area, the concentrations of Cd and Zn were higher in the northeast, and the concentrations of Hg, Pb, and Cu
were higher in the urban core area. As for the different land use types of the soils, the concentrations of Cd, Zn, and Ni were higher
in the enterprise soils, while the concentrations of Hg, Pb, and Cu were higher in park and residential soils. Assessments of soil
quality showed that 97.2% of soil samples’ Nemerow integrated indices were less than 1, indicating that the soils were clean. Indices
of potential ecological risk for all soil samples were less than 80, indicating that they posed a slight ecological risk. Multivariate
statistical analysis ( correlation and principle component analyses) showed that Cu, Pb, and Hg may originate from an anthropogenic
source via the painting of ancient buildings and pesticides used to protect ancient trees. Chromium may originate from natural sources
via geochemical activity and soil parent material; Cr, Zn, Ni, and As were derived from mixed sources through human and geochemical
activities. The receptor model was used for identification and apportionment of pollution sources of elements over the standard. The
contribution rates of sources were as follows: source 2(46. 1% ) , source 3(33.1% ), source 1(17.7% ), and others (3. 1% ) for Cd,
source 1(93.0% ) for Cu, source 1(52.4% ), source 3 (24.2% ), source 2(20.0% ), and others (3.4% ) for Zn, source 1
(56.3% ), source 2(37.8% ), and source 3(5.8% ) for Ni. Sources 1 and 3 were anthropogenic, while source 2 was natural.

Key words :urban green space; soil; heavy metal ; monitor; contamination assessment; source apportionment
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Table 1  Descriptive statistics of heavy metal concentrations in urban soils
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Table 2 Correlation coefficients of heavy metals and pH in study area soils

Cd Hg As Pb Cr Cu Zn Ni
Hg -0.210
As -0.204 0.313
Ph 0.033 0. 386 0.309
Cr 0.075 -0. 149 0. 447 -0.043
Cu -0.028 0.572 0.361 0.577 -0.033
Zn 0. 645 0. 140 0. 131 0.259 0.017 0.239
Ni 0.214 0.078 0. 621 0. 027 0. 598 0. 128 0. 326
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Table 3 PCA results of heavy metals in study area soils
o BIARFRIE(E P J7 FFRA JEH FL A3
FHIEME JUR/ % B910iRR/% B 5UiR/%  BBTTHCR /% EEJR PC1 PC2 PC3
1 2.616 32.705 32.705 2.616 32.705 32.705 Cd 0.134 0.501 0.785
2 1. 895 23. 686 56.392 1. 895 23. 686 56.392 Hg 0.568 -0.582 -0.034
3 1. 625 20.314 76.706 1. 625 20.314 76.706 As 0.763 0. 126 -0. 467
4 0. 640 7.999 84.704 Pb 0.618 -0.434 0. 207
5 0.434 5.426 90. 131 Cr 0.378 0. 653 -0.428
6 0.343 4.290 94. 420 Cu 0.707 -0.481 0. 109
7 0.254 3.180 97. 601 Zn 0.503 0.269 0.714
8 0.192 2.399 100. 00 Ni 0. 646 0. 609 -0.205
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Fig. 4 Spatial distribution of the assessment factors of heavy metals in Beijing urban green space soils
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