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Fig. 1 Location of sampling sites
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WF5C X L3 As. Cd. Cr(VI). Cu. Pb. Hg. Ni\ Zn ¥ &8 504.0. 23.45. 0.40. 689. 1262,
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N 138 As. Cdv Cu. Pb. Hg. Zn & & GEENFRMEK, Cr(VI). Ni &&EZEmEEEDN, X5
BT ERP | o P TR aE) EL HIE R ES YN Cu, Zny As. Cd. Pb (45 A 5.

WX LI E 48 S A F 2% (Coefficient of Variation, CV) K/M&KN Pb. As. Cu. Zn. Hg.
Cd. Cr(VI). Ni, ¥ KT 0.36, #%M Wilding T2 F ZAB A FATEN AR, BT @ELR. 8 MESRE
TREMEHRT 1, WHEREEIERSSMM. B Cr(VI)4h, HiEERESEEEHRT 3, WHBAE
BRI A, BEABREZIIMENIL. IAX HEESBEIEE RE. SRR, fFERZIR
S 7 A g e

&1 WX LE R S EA ST

oy o

Table 1 Descriptive statistics of heavy metal contents in soils in the study area

o ) ) Background Control Standard
Heavy Minimum Maximum Mean Median Stdev . L , s
) ) . . . Skewness Kurtosis  value®/  value?/ values?/
metal  /mg-kg” /mg-kg” /mg-kg’ /mg-kg™ /mg-kg’ 1 1 1
mg-kg™  mg-kg™ mg-kg

As 2.8 15700 504.0 13.2 19437  3.86 5.4 33.0 11.4 13.0 60
Cd 0.04 421.00 23.45 0.24 65.05 2.77 3.8 16.0 0.074 0.31 65
Cr(VI) 0.25 1.30 0.40 0.25 0.26 0.66 1.7 2.2 / 0.33 5.7
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Cu 15.0 12500 689 32.5 2169.4  3.15 4.1 16.6 20 28.0 18000
Pb 15.1 55300 1262 22.3 5409.7 4.29 7.9 74.9 19.6 26.1 800
Hg 0.01 18.80 1.05 0.04 2.99 2.84 4.0 16.9 0.034 0.03 38
Ni 13.0 124.0 33.6 30.0 15.8 0.47 3.8 15.5 17.4 30.0 900
Zn 51.0 26600 1287 80 37673 293 41 19.3 62.5 73.0 100007

1) Background values of A level soil elements in Henan province; 2) Average values of comparison points around the site; 3)

Screening values for industrial land in GB 36600; 4) Screening value for industrial land in Beijing.
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Fig. 2 Boxplot of soil heavy metal content at different depths in the study area
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Fig. 3 Spatial distribution of arsenic, lead, cadmium, and copper in soils in the study area
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Table 2 Statistics of soil heavy metal pollution evaluation results

Method Risk level As Cd Cr(VD) Cu Pb Hg Ni Zn
Non-pollution 63.97% 58.09%  70.59%  72.79%  71.32% 59.56%  92.65%  67.65%
Slight pollution 11.03% 5.88% 23.53% 5.88% 8.09% 13.24% 4.41% 7.35%
Medium pollution 3.68% 5.15% 5.88% 2.94% 2.21% 3.68% 2.94% 5.88%
lgeo Medium-heavy pollution ~ 5.15% 2.21% 0% 2.21% 2.21% 0.00% 0% 1.47%
Heavy pollution 4.41% 4.41% 0% 2.21% 3.68% 4.41% 0% 5.88%
Heavy-severe pollution 1.47% 5.15% 0% 2.21% 2.21% 3.68% 0% 2.94%
Severe pollution 10.29%  19.12% 0% 11.76%  10.29%  15.44% 0% 8.82%
Non-pollution 76.47%  89.71% 100% 100% 88.24% 100% 100% 94.85%
Pl Slight pollution 5.88% 2.94% 0% 0% 1.47% 0% 0% 4.41%
Moderate pollution 2.21% 3.68% 0% 0% 0.00% 0% 0% 0.74%
Heavy pollution 15.44% 3.68% 0% 0% 10.29% 0% 0% 0%
Low risk 76.47%  57.35% / 82.35%  81.62%  41.18% 100% 91.18%
Moderate risk 5.15% 5.15% / 2.21% 2.94% 25.00% 0% 2.21%
E; Relative-high risk 3.68% 5.15% / 2.94% 3.68% 9.56% 0% 2.21%
High risk 4.41% 3.68% / 3.68% 1.47% 0.74% 0% 3.68%
Severe risk 10.29%  28.68% / 8.82% 10.29%  23.53% 0% 0.74%
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Fig. 4 Boxplot of geological accumulation index and pollution index in the study area
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Fig. 5 Boxplot of ecological risk indexes of heavy metals in soils in the study area
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Table 3 Pearson correlation coefficient matrix between heavy metals in soils

Heavy metal As Cd Cr(VI) Cu Pb Hg Ni Zn
As 1
Cd 0.893** 1
Cr(VI) -0.130 -0.146 1
Cu 0.590** 0.757** -0.122 1
Pb 0.861** 0.812** -0.101 0.467** 1
Hg 0.851** 0.871** -0.122 0.657** 0.802** 1
Ni 0.488** 0.654** -0.078 0.821** 0.339** 0.560** 1
Zn 0.617** 0.815** -0.134 0.896** 0.535** 0.669** 0.673** 1

** shows significant correlation at the level of 0.01 two-sided test.
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FHIF 3BT (PCAD 2B AN BRI —Fh 2 o Gi it 7%, RINE AR &b St LA E R,
fEEAVR T Re Z IR IR UG (B 2., HARBLIR B ARG, %7 U R AE 3385 G e PR 7 At 77 T 8
#%P, KMO 1 Bartlett #3781, KMO {Ey 0.813, Bartlett {4y 1185.297, P {<0.001, KM &
FAFLER M, FFE ERU T 2K, i 8 PSR M E s R (R 4 w51, R 7 Hrdd i
THAERS, Sidied, s 1LLAs. Cd. Pb. Hg NES, HEATTERE N 63.522%; M5 2 HITTHR

F 5N 33.614%, FE ML Cufl Zn FIEA (1 6). M LAl LIS, As. Cd. Hg. Pb KR

AHIE, Cu A1 Zn w] G851 [E SR
=4 B ICESEEUE TR K Ty 25 Tk

Table 4 Element extraction factor component matrix and variance contribution rate

Variance Cumulative
Extract . o o
As Cr(VI) Cu Hg Ni Zn contribution contribution rate
element
rate (%) (%)
Elementl 0.826 0.717 -0.083  0.302 0.737  0.213  0.363 63.522 63.522
Element2 0.362 0.606 -0.112  0.891 0.451 0.696  0.925 33.614 97.136
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Fig. 6 Principal component analysis map of heavy metals in soils
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Fig. 7 Cluster analysis map of heavy metals in soils
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Pollution evaluation and source analysis of heavy metals in a

copper smelting site in the Yellow River Basin
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Restoration, Zhengzhou 450004, China;
3. Henan Academy of Geology, Zhengzhou 450016, China;

4. School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The site of a copper smelter in the Yellow River Basin was selected as the research object, the
contents of As, Cd, Cr(VI), Cu, Pb, Hg, Ni and Zn in the soil were measured, and the spatial distribution
characteristics of heavy metals in the soil were analyzed according to the inverse distance interpolation
method. The pollution index method, geological accumulation index method and potential ecological
hazard index method were used to evaluate pollution degree and ecological risk level. The results
showed that the soil content of heavy metals was high, the dispersion degree and spatial differentiation
were large in the study area. The content of heavy metals in the surface layer was higher than that in the
deep layer, showing a downward trend vertically, and the pollution was mainly concentrated within 2 m.
All the 8 heavy metals have geological accumulation, and the accumulation of Cd and Hg was obvious.
Soil ecological risk was at a high level, and the contribution rates of Cd and Hg were high. As, Cd, Hg,
Pb, Cu and Zn were mainly derived from smelting activities, Ni was derived from natural sources, and
Cr(VI) was derived from natural sources and smelting activities.

Key words: Copper smelting site; heavy metal pollution; ecological risk; source analysis
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