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Sources and contamination assessment of heavy metals in the green land soils
in Tongzhou District, Beijing
SUN Jingyu, SUN Xiangyang, LI Suyan, WANG Chenchen, YUE Zongwei

(Forestry College, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The types of land use in Tongzhou District of Beijing have changed greatly. Heavy
metals in the soil of green land were investigated, source analysis and risk assessment were carried out to
understand whether the current use of green land meets the requirements of cleanliness and safety, and
suggestions on risk prevention and control of heavy metals were given. [Method] The pH values and total
amounts of heavy metals including Cd, Cr, Pb, Hg, As, Cu, and Zn in 60 surface soil samples from the study
area were determined. Source apportionment was carried out using Principal Component Analysis and the
Absolute Principal Component Scores-Multiple Linear Regression (APCS-MLR) receptor model. The
assessment of heavy metal element pollution was conducted using the Geo-accumulation Index method and the
Potential Ecological Risk Assessment method. [Result] The average contents of 7 heavy metals Cd, Cr, Pb,
Hg, As, Cu and Zn in the soil were 0.53, 47.87, 11.95, 0.25, 6.71, 4.64 and 51.21 mg-kg ', while the average
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content of the remaining elements were below the background. All of the samples’ heavy metal concentrations
were less than the screening values for Soil Pollution Risk Control Standards for Agricultural Land (GB 15618—
2018). Principal component analysis demonstrated that Cd, Pb, Hg and As were influenced by human sources,
including coal combustion, traffic pollution, industrial and agricultural activities pollution; Zn originated from
natural sources and was related to the soil parent material; Cu and Cr were mixed sources reaulted by soil parent
materials and agricultural pollution. The contribution rates of sources calculated by APCS-MLR were as
follows, a certain amount of Cd accumulated on the surface came mostly from human sources (92%); Hg was
from source 3 (29%), source 1 (17%), source 4 (13%), and there were also 35% unknown sources, which were
suggested as mixed sources. Moreover, sources 1, 3, and 4 were all anthropogenic sources, while source 2 was a
natural source. Environmental quality evaluation of green soil was investigated through the ground
accumulation index, which illustrated that Cd and Hg performed a higher ecological risk response. Most of the
comprehensive potential risk values in the study area were slight and medium potential ecological risks, only
few points were belonged to severe ecological risks. [Conclusion] The study shows that the overall risk level
of green land soil in Tongzhou District is in the middle and low risk. The main elements causing the risk are Cd
and Hg, which are the priority control elements of ecological risk, and can be controlled from the control of coal
burning, traffic and industrial emissions. [Ch, 5 fig. 4 tab. 32 ref.]

Key words: green land soil; heavy metal; contamination assessment; source apportionment
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Figure 1 Map of the study area and sampling location
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Table 2 Descriptive statistics of 7 heavy metal concentrations in the study area soil
wom R PRI e mnmmc mr s peoskay i RIIDARGY
(mg-kg ) (mg-kg™) (mg-kg™) (mg-kg )
Cd 0.03~2.35 0.53 0.25 0.472 2.990 16.107 0.000 0.12 0.6
Cr 38.78~62.70 47.87 5.45 0.114 0.621 0.095 0.000 29.80 250.0
Pb 1.68~31.20 11.95 5.80 0.485 0.880 2.037 0.000 24.60 170.0
Hg 0.06~1.30 0.25 0.24 0.953 2.636 7.360 0.000 0.08 3.4
As 1.83~12.50 6.71 2.65 0.395 0.148 —0.518 0.000 7.09 25.0
Cu 0.05~18.32 4.64 4.21 0.907 1.514 2.591 0.000 23.60 100.0
Zn 24.62~84.06 51.21 13.85 0.270 0.501 0.025 0.000 102.60 300.0
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Table 3 Correlation coefficients of 7 heavy metals in the study area soils
eI Cd Cr Pb As Hg Cu
Cr —0.052
Pb 0.754%* —0.153
As 0.141 —-0.035 0.152
Hg -0.114 —-0.211 —0.139 —0.305*
Cu —0.052 0.081 0.083 0.117 0.039
Zn 0.033 0.579%* —0.030 —-0.077 —0.163 0.240

BEHA . **FIRAE 0.01 ZKFECRUM)_E BB A,

KMO #1 Bartlett #5630 . KMO {E°5 0.806, Bartlett BRIEAG 46 P<<0.001,
ERCER T Rk 4,

*RIRTE 0.05 7KF-CBU) | i EAHC
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%1 FRA Cd, Pb, Hg #H56, (5 EIRT 20 27.07%; %
1 24.88%; 53 FRAFI Cd. As #HE, 5 MR 2210 16.32%; &

21 14.79%,
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Table 4 PCA results of seven heavy metals in the study area soil

F 2 F AN Cr,

BIFSE IX et 4 5 I
L YUROE SR KT 2506 ERE Je, $e i 4 AT 7 R G Jm 4
HEORIE
Cu. Zn MG, i EfAkdr 2

4 FRSA Hg . Cu MHe, 5 BA)y

SRR T K43 L
4R

PCI1 PC2 PC3 PC4 PCI PC2 PC3 PC4
cd 0.870 0.049 0317 -0.158 0.935 0.020 0.061 -0.071
Cr —0.206 0.820 0.078 -0.239 -0.109 0.870 0.083 -0.036
Pb 0.896 —0.001 0.285 0.022 0.928 —0.083 0.093 0.087
Hg 0.420 0.127 —0.709 0.310 0.072 —0.189 0.833 0.241
As -0.325 —0.460 0.595 0.275 —0.096 —0.308 —0.767 0.232
Cu 0.028 0.355 0.143 0.883 0.011 0.136 0.030 0.953
Zn -0.101 0.845 0277 —0.027 0.048 0.869 -0.034 0.205
FHIE(E 1.895 1.741 1.142 1.035 1.765 1.669 1.303 1.076
DUHRER/% 27.07 24.88 16.32 14.79 25.22 23.85 18.62 15.37
itk /% 27.07 51.94 68.26 83.05 25.22 49.07 67.68 83.05
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Figure 2 Source contribution ratios of 7 heavy metals Figure 3 Results of evaluation of the ground accumulation index
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Figure 4 Results of the potential ecological risk Figure 5 Evaluation of potential ecological risk of 7 heavy metals
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