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Abstract

The contamination of river sediment with heavy metals caused by the release of mine tailings has
emerged as a critical environmental issue, significantly impacting water quality and ecosystems.
Although previous studies have investigated the spatial distribution and seasonal variations of heavy
a OPEN ACCESS metals in river sediment and their particle-size-specific characteristics, research into heavy metal
. . . concentrations across particle size fractions and the reduction of heavy metals after soil washing
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as first author. remains insufficient. This study aimed to evaluate the heavy metal contamination of different
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Minhee Lee (E-mail: heelee@pknu.ac.kr) metals after applying a soil washing method. River sediment above the Andong Dam in the Nakdong

River basin was classified into four particle-size fractions (2.00~1.00, 1.00~0.25, 0.25~0.075, and
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have higher concentrations of heavy metals, with As exceeding warning limit (As > 150 mg/kg) in all
size fractions. After applying the soil washing method, the heavy metal concentrations decreased by
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Eieology ey ¢ € an average of 35.6% across all particle size fractions, with the highest reduction efficiency (mean
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Fig. 1. Map of the upper Nakong River basin, showing the locations of active/closed mines, distribution of geological
formations, and sites at which samples of tailings were collected (samples P-19 to P-32, n = 14) in study area.
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Fig. 2. Experimental workflow showing the preprocess (particle size analysis and soil washing method), heavy metal
content analysis and reduction efficiency comparing washed and non-washed soil samples applied to river sediment
containing mine tailings.
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Fig. 3. Grain size distribution of river sediment samples containing tailings. The figure illustrates the proportion of gravel
(04.75 mm), sand (0.075~4.75 mm), and silt/cay ({0.075 mm) in the samples, and highlights the predominance of sand
and the heterogeneous composition of the sediments. The mean concentrations of five samples are represented by red
scatters, and the standard deviations are shown as error bars.
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(2.00~1.00, 1.00~0.25, 0.25~0.075, <0.075 mm)°]| tHet F=<(As, Cd, Cu, Pb, Zn) 9] F&E H|wEA] oF A, =7}
NS Fas St 5710k A3E HAtH(Fig. 4). As] 7%, BE Yk 7ok ESRPEEAR ol EFe
FA7 =22 A(5Hd, doFH 7[eF HIAT - A8 EA] 5) 2 AT 7|52 (warning limit, As > 150 mg/kg)E &
Tetiet. E5], PHIEY YE(<0.075 mm)ollA] Hat 5 2,743.85 mg/kg O 2 i 7|5=x] 9] oF 184S 23519t
Pb2] 7%, 0.25~0.075 mm ] E¢F U F7tollA B 57t 670.62 mg/kg © 2 UEPE O T, -2-2]7]5](concerning

Table 1. Statistics of heavy metal concentrations by particle size in river sediment containing tailings, with a comparison of
non-washing and washing results

Heavy metals concentration (mg/kg)

Type Particle size As Cd Cu Pb Zn
(mm) Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Original 338.12*%* 4722 247 0.55 34.06 4.53 255.60 21.43 290.28 18.16
2.00~1.00 262.82**  28.29 1.68 0.38 25.14 2.87 152.00 25.14 21692  30.94
wI:s%Iilr-lg 1.00~0.25 410.20** 3448 237 026 37.62 2.53 265.16 27.17 34236 3241

0.25~0.075 870.26**  29.03  4.09 0.64 56.38 4.87 670.62* 15.54 563.86  20.55

<0.075 2,743.85%* 16628 811 1.01 101.58 7.58 1,832.90** 13772 1,198.22* 56.30

2.00~1.00 221.89**  36.10 123 034 17.60 3.32 103.62 11.58 156.12  15.89

Washing  1.00~0.25 171.65%* 2838 1.80  0.23 2630 1.87 143.48 21.93 22310 17.26
0.25~0.075  6,253.85**  18.11 325 048 50.98 4.39 514.12* 14.99 466.06 19.44

* Exceeds the concerning limit (As > 50 mg/kg, Cd > 10 mg/kg, Cu > 500 mg/kg, Pb > 400 mg/kg, Zn > 600 mg/kg; ME, 2023).
** Exceeds the warning limit (As > 150 mg/kg, Cd > 30 mg/kg, Cu > 1,500 mg/kg, Pb > 1,200 mg/kg, Zn > 1,800 mg/kg; ME, 2023).
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Fig. 4. Heavy metal concentrations (As, Cd, Cu, Pb, and Zn) by particle size in river sediment containing tailings. The
orange and red dashed lines represent the concerning and warning limits, showing contamination levels across various
particle-size fractions.
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Fig. 5. Reductions in heavy metal concentrations (As, Cd, Cu, Pb, Zn) as a result of soil washing for different particle-size
fractions (2.00~1.00, 1.00~0.25, and 0.25~0.075 mm) of river sediment containing tailings.
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