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ZHANG F.U'-‘gull‘z’z, PENG Min'*, HE Ling'~*, MA Hong-hong'*

(L. Resedrch Center of Geochemical Survey and Assessment on Land Quality, China Geological Survey, Langfang 065000, China; 2. Key Laboratory of Geochemical Cycling
of Carbon and Mercury in the Farth’s Critical Zone, China Geological Survey, Langfang 065000, China; 3. College of Earth Sciences, Chengdu University of Technology,
Chengdu 610059, China)

Abstract; Carbonatite and basalt are widely distributed in southwest China, and potentially toxic elements ( PTEs) are associated with the naturally high background
properties. It is important to carry out ecological risk assessments and identify potential sources of PTEs. A total of 3 180 soil samples (0-20 cm) were collected in Hezhang
county, a typical high background area of PTEs with the parent lithology of carbonatite and basalt. Samples were obtained from 18 large lead-zinc mines, which belong to a
multi-ecological risk superimposed area with high ecological risk. The concentration of PTEs (Cd, Cr, As, Hg, Pb, Cu, Zn, and Ni) in the topsoil were analyzed, and
statistical analysis (SA), geographic information system (GIS), enrichment factor (EF), potential ecological risk index (RI), and positive matrix factorization ( PMF)
methods were used to assess the ecological risk and quantify sources of PTEs. The mean values of PTEs concentrations in topsoil were 24. 55, 2.25, 176.40, 89.60, 0. 19,
64.20, 102.00, and 257.00 mg-kg ™" for As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn, respectively, which were remarkably higher than the average background value ( ABV)
of soils in Guizhou Province. The average concentrations of Cd, Cr, Cu, Ni, Pb, and Zn exceeded the screening values specified for the soil contamination risk in agricultural
land (GB 15618-2018) by 7.50, 1.18, 1.79, 1.07, 1.40, and 1. 29 times, respectively. The EF showed that Cd had a large area of moderate pollution; Pb, Zn, and Cu
had a small area of slight pollution; the EFs values of Hg, Cr, Ni, and As were near the baseline value (EF~1), and contaminations were slight or nonexistent. The PMF
indicated that there were five sources, namely pyrite mines, lead-zinc mines, natural sources of basalt and carbonatite, and agricultural activities; the risk contribution ratios
were 5.25%, 27.37%, 28.94%, 17.91%, and 20.53%, respectively. The most toxic coefficients of Hg and Cd were mainly natural sources, with contribution ratios of
86.3% and 72.7%, respectively. The soil samples in the mining areas expectedly contained high ratios of Zn/Cd and Ph/Cd, which confirmed that PTEs in the soil were
mainly derived from the smelting wastes. The contents of metal oxides such as Fe, Mn, and Si were the influencing factors of PTEs enrichment. On the contrary, soil samples
exhibited much lower Zn/Cd and Ph/Cd ratios in non-mining areas, indicating that the main origin of these metals in soil was the smelting flue gas dusts and geological
background.

Key words: potentially toxic elements (PTEs) ; ecological risk assessment; controlling factors; lead-zinc mine; high background area
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Table 1  Special package scheme for soil samples
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Table 2 Classification and expression of PTEs environmental quality in soil
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Table 3 Geochemical statistics of element concentrations in topsoil samples in Hezhang County

JLE /ME RME FHE SR REH bMfER2E TETEERE SUNE TSI
As 1.2 360. 3 24.6 17.7 122.36 30. 1 11.2 20.0

Cd 0.25 12.72 2.25 1.67 72.89 1. 64 0.10 0. 66
Cr 54.3 430.8 176. 4 172.3 33.50 59.1 61.0 95.9

Cu 11.4 267.7 89.6 83.3 53.68 48.1 22.6 32.0

Hg 0.03 1.68 0.19 0.15 84.21 0.16 0.07 0.11
Ni 6.3 191.6 64.2 65.7 30.84 19.8 26.9 39.1

Pb 19.3 3289.7 101.7 41.2 253.29 257.6 26.0 35.2

Zn 38.0 4629.0 257.4 173.0 139.24 358.4 74.2 99.5

Mn 80 6115 1394 1357 41.97 585 583 794

K,0 0.55 4.39 1.54 1.31 44.81 0. 69 2.24 1.88

Na,0 0.1 1.9 0.4 0.2 75.00 0.3 1.4 0.1

Si0, 30.8 79.4 50.2 49. 1 19. 12 9.6 65.0 66.4

ALO; 9.31 22.56 14.99 14.91 10. 94 1. 64 12.50 10. 88

TFe,0, L6 18.7 10.0 10.2 27.00 2.7 4.2 6.0

MgO 0.36 4.42 1.42 112 56.34 0.80 1.30 1.18

Ca0 0.13 7.14 0.91 0.78 71.43 0.65 2.16 0.87

Coy 0.8 7.3 2.7 2.6 33.33 0.9 1.8 2.5

pH 4.63 8.12 6.04 5.98 11.75 0.71 6.70 6.20

1) FEFRECT95 1F, LA C, B0 K %, pH TEEEAY, AL 3y mg kg = 5 B LT R AT IRAA Si0, 51 FSCHk[46], SN LHOTR TR

{ Si0, 51 B 3CIR[47 ], AT S| A SCIR[ 14]
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Fig. 2 Spatial distribution of potentially toxic element concentrations and geological map in study area
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Fig. 4 Total potential ecological risk assessment of PTEs in the sampling sites and the contribution to potential ecological risks
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Table 5 Pearson correlation matrix for PTEs concentrations in topsoils
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Table 6  Source profile and source cofitribution ratios for different potentially toxic elements by PMF ‘ P
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Table 7 Pearson correlation matrix between PTEs and oxide concentrations in topsoils
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cd 0.397 * 0. 098 ** 0.090 * 0.213*  -0.282™  -0.312* 0.049 0.296 ™ 0.103 **
Cr 0.201*  -0.391 " 0.1127* 0.410* -0.114™  0.551* 0.120%  0.049 0.05
Cu 0.274*  -0.870* 0.120 ** 0.880* -0.415™  0.208* 0.156*  0.173*  -0.075"
Hg 0.382 ** 0.110 0.042 0.106* -0.288™  -0.357*  -0.068 0.196 ** 0. 000
Ni 0.460*  -0.562 " 0.273 ™ 0.597*  -0.073" 0.391 ** 0.175*  0.008 0.133
Ph 0.412* 0.035 0.130 ** 0.345"  -0.024 -0.145"  -0.011 0.077* 0.037
Zn 0.375"  -0.055 0.158 ** 0.114* -0.082*  -0.113* 0.031 0.132* 0.05
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