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Abstract: To analyze the characteristics of heavy metal pollution in a typical non—ferrous metal smelting area in China and to
comprehensively understand the potential ecological risk and sources of heavy metal pollution, a typical non—ferrous metal smelting area in
Zhehai Town, Huize County, Yunnan Province, China, was used as an example of the single—factor pollution, nemero comprehensive
pollution, potential ecological risk, and water quality indices evaluation methods. The contamination characteristics and potential ecological

risks of eight heavy metals, Cd, Hg, As, Pb, Cr, Cu, Ni, and Zn, in soil, river sediment and river water quality were evaluated and their

Wi EH:2023-03-08  FMA HH:2023-05-06

FEE R XA (1996—) , B EMAKE N LR A NSO B O3 F 3 f G R 15 YHB L 0F %Y. E—mail : 1iugi6766@163.com
B SEP U RN

BIEEH 9K )78 E-mail : zhangnaiming@sina.com

ELTE {5 A RREREIA LA H (U2002210) ; 22 B4 B ARHE L 9(202002AE320005)

Project supported : The Joint Funds of the National Natural Science Foundation of China (U2002210) ; The Special Fund for Key Program of Science and
Technology of Yunnan Province,, China(202002AE320005)



RIZT 5 SORAT 5 K T 5 R B 5 PR VAR 309

sources were analyzed. The results revealed that the average values of the Nemero comprehensive pollution index (Px) of the soil and

sediment in the study area were 84.1 and 215.5, respectively, which were both within the heavy pollution level. The average values of the
heavy metal combined potential ecological hazard risk index (RI) were 3 562.3 and 8 907.0, respectively, which were both at a very high
risk level. The contents of all heavy metal elements in the soil and substrate of the study area exceeded the background value of soil in
Yunnan Province and was significantly higher than the national screening value for soil pollution risk in agricultural land. Among them, Cd
was the most pollution—causing element, and the content of Cd in the soil and substrate was 8.2 times and 15.8 times the national soil
pollution risk control value for agricultural land, respectively. Further, the RI contribution of Cd to soil and substrate reached 94.34% and
96.78%, respectively, which should be an area of focus. The water quality level of rivers in the study area were in the good to very poor
level, and 56.25% and 6.25% of the sampling points of Ni and Zn in the water bodies exceeded the limited value of Class Il water,
respectively, whereas other heavy metal elements did not exceed the standard. Cd, Hg, As, Pb, Cu, and Zn in soils and substrates of the
study area mainly originated from local mining pollution, whereas Cr and Ni mainly originated from fuel combustion. In general, Cd

pollution in the study area is serious and there is an extremely high potential risk; therefore, measures, such as safe utilization and

remediation, should be taken to reduce the risk level.

Keywords : mining area; heavy metal; pollution assessment; ecological risk; source analysis
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Table 1 Single factor pollution index and Nemero comprehensive

pollution index evaluation criteria
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Figure 2 Distribution map of soil heavy metal content in the study area
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Figure 4 Box plot of soil potential ecological risk index
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metals in soil sampling points
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Table 4 Descriptive statistical results of heavy metals and pH in river sediment

F T amA LI ESCR T
- o N HRELALLILA] T Y XU B e (i .
o Sk — 7R EL Z EISN=A T S A RS pun RPN,
R o PEE o TR R BREE R R LT
N . Median Average Standard Coefficients Soil background . L Proportion of
Element and Min value/ Max value/ L. Yunnan Province pollution risk . .
H (mg-ke™) value/ (mg-ke") value/  deviation/ of value of Yunnan soil background  screening values points exceeding
b g (mg-kg™) (mg-kg") (mg-kg™) variation/%  Province/ o . the standard/%
(me-ke ) value point site for agricultural
B8 proportion/% land/(mg-kg™)
Cd 21.9 66.9 106.8 63.2 23.5 37.20 0.22 100 0.3 100
Hg 0.146 0.281 0.322 0.263 0.100 19.51 0.058 100 2.4 0
As 16.0 34.8 131.9 422 25.3 60.10 18.4 96 30.0 84
Ph 233.0 351.5 915.1 417.2 171.2 41.05 40.6 100 120.0 100
Cr 69.6 112.0 144.1 111.4 18.2 16.33 65.2 100 200.0 0
Cu 1233 172.4 208.5 173.1 20.8 12.04 43.6 100 100.0 100
Ni 31.4 52.9 66.5 51.7 9.9 19.12 42.5 80 100.0 0
Zn 504.2 609.9 690.8 613.7 414 6.75 89.7 100 250.0 100
pH(EHA) 671 7.57 8.08 7.56 0.39 5.18 — — — —
V£ B AT I
Note: ‘—’ means no relevant data.
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Figure 6 Index box plot of single factor pollution index of river

sediment and Nemero comprehensive pollution
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Figure 7 Potential ecological risk index box plot of river sediment
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Figure 8 Scatter plot of potential ecological risk index of heavy metals in river sediment sampling points
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Table 5 Statistical characteristic value of heavy metals content in river water

. . RifE2E y b VSR VARA1]
TEAMpH  ROME PR Rk v PR mmaw maossokessmabme kg SR 0LE
. . Standard L . . Proportion of
Element and ~ Min value/ Median value/ Max value/ Average value/ deviation/ Coefficients  National surface water environmental points exceeding
! 7! R 7! v J RE . P 7! Xc
pH (pg-L) (pg-L'")  (pg-L) (gL (L) of variation/% quality standard Il water limit/(pg-L™") the standard/%
Cd 0.004 0.008 0.014 0.008 0.003 32.52 5 0
Hg — — — — — — 1 0
As — — — — — — 5 0
Pb 0.020 0.045 0.063 0.042 0.011 26.54 5 0
Cr 0.210 0411 0.494 0.397 0.071 17.76 50 0
Cu 2.5 9.8 17.0 10.4 4.2 40.46 1 000 0
Ni 9.0 27.5 46.5 26.8 11.6 43.14 20 56.25
Zn 10.0 701.0 10125 538.3 401.4 74.56 1 000 6.25
pH(JGHL) 6.11 6.93 7.10 6.8 0.31 4.50 6~9 0
T —FR TR R .
Note: — means below the detection limit.
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Figure 9 River water quality index histogram
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Figure 10 Correlation analysis of soil heavy metals in the study area
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Figure 11 Correlation analysis of heavy metals in river sediment in the study area
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Figure 13 Two—dimensional factor loading diagram of soil heavy

metals in the study area
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Table 7 Principal component analysis results of heavy metals in

river sediment

an O B o
Ttem Principal Principal Principal
component 1 component 2 component 3
Cd 4.11 -0.60 1.88
Hg 1.51 1.28 3.17
As 4.89 -1.41 -0.18
Pb 4.18 -1.73 0.65
Cr 4.50 0.99 -1.37
Cu 4.68 1.41 -0.85
Ni 3.97 1.99 -0.18
Zn 4.29 -1.00 -0.82
FEAE (L 3.98 1.54 1.17
TTRRA/% 49.72 19.28 14.58
R/ % 49.72 69.00 83.58
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Figure 14 Three—dimensional factor loading diagram of heavy

metals in river sediment in the study area
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