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Pollution characteristics and source analysis of heavy metals in farmland soils around the e—waste

dismantling sites in Taizhou City, China

ZHENG Yuna, LIU Peng, LIU Jinhe, ZHOU Changrui, WANG Qi, FENG Meiyun, LIU Guanhong, ZHU Xudong, LIN Kuangfei"

(State Environmental Protection Key Laboratory of Environmental Risk Assessment and Control on Chemical Process, School of Resources
and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: In order to analyze the pollution characteristics and source contributions of heavy metals in farmland soils around the e-waste
dismantling sites in Taizhou City, 230 surface (0~20 c¢m) farmland soils in the study area were collected in March 2021. The contents of
heavy metals (Cr, Co, Ni, Cu, Zn, As, Cd, Hg, and Pb) in these soils were determined. The ecological risks of the heavy metals were
analyzed using the pollution load index(PLI) and potential ecological risk index(RI). Moreover, the sources of the soil heavy metals in this
area were analyzed using the combination of geostatistics, multivariate statistics and PMF modelling. The results showed that the Cd
pollution levels of farmland soils around the study area were the highest, the median exceeded the risk screening values for soil
contamination of agricultural land, and the exceeding standard rate reached 75.65%. In addition, the exceeding standard rates of Cr and Cu

were relatively high, 27.39% and 42.61% respectively. The comprehensive pollution load index indicated that 16.96% and 7.39% of the
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samples constituted moderate or serious pollution, respectively. Nevertheless, the potential risk indices (55.22% and 34.78%) of the

samples were considered moderate and above severe risk, respectively. The comprehensive results of geostatistics, multivariate statistics

and PMF modelling showed that the sources of nine heavy metals in these soil samples could be divided into four categories : Co, Cr, and Ni

mainly come from natural sources; As mainly comes from agricultural sources; Zn, Cu, Cd, and Pb mainly come from metal smelting

sources, concentrating in the farmland soils around historical e~waste dismantling sites; and Hg mainly comes from coal and industrial

sources.

Keywords : farmland soil; e~waste; heavy metal; spatial distribution; source apportionment; risk assessment
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Figure 1 Distribution map of study area and soil sampling points
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Table 1 Descriptive statistics of soil heavy metals content in the study area(n=230)

T H Item Cr Co Ni Cu Zn As Cd Hg Pb
FHIE/(mg-kg™)  115.20 14.43 43.39 95.48 161.15 8.97 0.68 0.19 57.23
2/ (mg kg ™) 100.37 14.38 42.58 44.88 129.50 7.81 0.43 0.12 45.26
brifE2/ (mg-kg™) 59.95 5.43 17.07 162.96 126.02 3.93 0.81 0.28 42.39
f/IMA/(mg-kg™) 18.52 2.87 7.95 15.87 41.03 1.46 0.05 n.d. 18.79
R/ (mg-kg™) 47845 48.20 107.80 1378.95 1208.12 23.55 6.18 2.89 400.89

7 5 25U % 52.04 37.59 39.34 170.66 78.20 43.83 119.39 145.34 74.07

B afE/ (mg-kg™) 55.40 10.60 22.90 26.60 95.30 6.22 0.17 0.09 36.20
FrRifEfE/ (mg-keg™) 150.00 = 70.00 50.00 200.00 40.00 0.30 1.80 90.00
HFRR 1% 27.39 — 6.52 42.61 17.39 0 75.65 0.43 9.57

B HS (WA LR A5 S (D), bR (S5 (R B e A I 3t - 1 75 e XU B s b i G A7) ) (GB 15618—2018) .

Note: The background value reference to The background value of soil geochemistry in Zhejiang Province

B9 'the standard value reference to the Standard

for soil environmental quality and soil pollution risk control of agricultural land (Trial) (GB 15618—2018).
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Figure 2 Spatial distribution map of soil heavy metals content in the study area
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Figure 3 Soil heavy metals pollution load index and potential ecological risk index in the study area

R2 ARXTEESEHEXES T (n=230)

Table 2 Correlation analysis of soil heavy metals in the study area(n=230)

Cr Ni Co Cu Zn As Cd Hg Pb

Cr 1 0.896%* 0.513%* 0.155%* 0.219%* -0.062 0.117 -0.259%* 0.219%*
Ni 1 0.650%* 0.266%* 0.300%* 0.066 0.250%* -0.129 0.198%*
Co 1 0.176%* 0.281%* 0.290%* 0.143%* 0.004 0.056
Cu 1 0.798%* 0.170%* 0.780%* 0.336%* 0.678%*
Zn 1 0.271%* 0.693%* 0.275%* 0.681%*
As 1 0.156* 0.157* 0.112
Cd 1 0.191%* 0.639%*
Hg 1 0.221%:*
Ph 1

T FORM e B2 (P<0.05) , #* FR A PN 8 2 (P<0.01) .

Note: * indicates significant correlation(P<0.05) ,** indicates extremely significant correlation (P<0.01).
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Figure 4 Factor loading diagram of soil heavy metals content

in the study area
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Figure 5 Source contribution ratios of soil heavy metals

in the study area

R3 PCARPMFEBEEEEFHESEREMKLER
Table 3 The contribution ratio of pollution factors to heavy metals by PCA and PMF models

JiE PCA B #fif PCA factor loading PMF P 51k % PMF factor contribution ratio/%
Element PC1 PC2 PC3 PC4 F1 F2 F3 F4
Cr 0.126 0.885 -0.180 -0.259 64.2 24.2 7.6 4.0
Ni 0.177 0.939 -0.009 0.051 58.8 28.2 8.1 4.9
Co -0.154 0.664 0.415 0.332 515 36.3 — 12.2
Cu 0.825 0.045 0.074 0.287 11.5 15.5 59.0 14.0
Zn 0.704 0.223 0.213 -0.103 21.5 27.2 37.6 13.7
As 0.124 -0.050 0.935 -0.021 9.7 75.3 14.5 0.5
Cd 0.624 0.177 —-0.066 0.410 7.4 19.4 73.2 —
Hg 0.185 -0.066 0.004 0.881 — — 8.4 91.6
Pb 0.861 -0.084 —-0.044 0.025 24.3 23.9 38.5 13.3
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