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Extraction Characteristics of Heavy Metals for Soil Washing of Mine
Tailings-contaminated Soil according to Particle Size Distribution
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This research was performed to evaluate the extraction characteristics of heavy metals for soil washing of mine tailings-con-
taminated soil according to particle size distribution and the chemical distributional existence of the metals. As the soil
particle size was decreased, the extracted concentrations of heavy metals was increased except Fe and Mn. Most of all
heavy metals were extracted within 6 h by soil washing with 0.05 M EDTA. Extraction efficiency of metals was decreased
for Pb, Cu, and Zn with decreasing of particle size. Significant difference was not observed in extraction efficiency for
Cd according to particle size distribution. Extraction efficiency for Cd was the highest as 86 ~91%, while the lowest as
5~14% for Fe. Most metals of the soil without soil washing was distributed as reducible, oxidizable, and residual fractions.
Pb, Zn, and Cd existed as reducible (Fe/Mn oxide) and residual fractions and Cu existed as oxidizable and residual fractions
after soil washing treatment with 0.05 M EDTA. As the soil particle size was decreased, residual fraction was increased
for Pb and Cu. About 90% of reducible fraction in Pb, Zn, and Cd was removed by soil washing with 0.05 M EDTA.
As the results, it was founded that soil particle size was the important parameter to effect on distributional fraction and
extraction efficiency of metals in mine tailings-contaminated soil.
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Table 1. Experimental Conditions Selected in This Research

Particle Size (mm) Washing Solution & Concentration Washing Time (hr) Soil : Liquid Other Condition
0.25
02'50:01'205 Ois Temperature : 25 C
’ ’ 0.05M EDTA 1:5 Agitation : 200 rpm
0-1~0.05 2 Filtration : 1 pm Glass Filter
0.05 > 6 CH
24

Table 2. Physicochemical Characteristics and Concentration of Heavy Metals in each Particle Size Fraction for Contaminated Soil by Mine

Tailings
Items Composite Soil* 2~1 mm 0.5~0.25 mm 0.1~0.05 mm < 0.05 mm
Moisture Content (%) 1.0 0.7 1.1 1.2 1.0
Volatile Solids (%) 1.8 23 2.1 1.5 1.8
pH 7.4 7.9 7.7 7.4 7.6
Electrical Conductivity (umhos/cm) 311 170.7 366.3 331.7 290.7
Cation Exchange Capacity (meq/100 g) 20.0 43 5.0 5.0 53
Pb 3568.7 2154.7 2508.1 3971.6 7806.4
Cu 284.1 136.7 150.5 296.7 5332
Heavy Metals Zn 824.2 824.2 1080.7 1350.2 1313.5
(mg/kg) Cd 37.1 18.2 20.0 29.6 56.1
Fe 28543.2 22462.7 17022.3 18352.3 36119.9
Mn 264.0 308.2 247.6 206.4 306.2

*Composite Soil : Contaminated Soil Unseparated by Particle Size
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Step 1 : Exchangeable fraction
- Sample 1 g + 8 mL of 1.0M MgCl; (pH 7.0)
- Shaking for 1 hr (200 rpm, 257T)
1
Step 2 : Carbonate fraction
+ Add 8 mL of 1.0M Sodium acetate (pH 5.0)
— Shaking for 5 hr (200 rpm, 257)
!

Step 3 : Reducible fraction
+ Add 20 mL of 0.04M NH;OH - HCl in 25%(v/v)
HOAc — Shaking for 6 hr (120 rpm, 96+3 T)
I
Step 4 : Oxidizable fraction
+ Add 2 mL of 0.02M HNO; and 5 mL of 30% H:On
(pH 2) — Intermittent shaking for 2 hr (80 rpm,
85+2 1)
+ Add 3 mL of 30% H:0, (pH 2 with HNC)
— Intermittent shaking for 3 hr (80 rpm, 8542 T)
+Add 5 mL of 32M NH;OAc in 20%(v/v) HNO;
after cooling

+ Dilute to 20 mL with distilled water
- Shaking for 0.5 hr (80 rpm, 8542 T)
M

Step 5 : Residual fraction

+ Residual fraction = total heavy metal -
fractional heavy metal in step 1-4

sum of

Figure 1. Sequential extraction procedure for fractional heavy metal
analysis used in this research.
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Figure 2. pH (a) and EC (b) after washing with 0.05SM EDTA by each
particle size fraction.
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Figure 4. Chemical partitioning and concentration of Pb before (a)
and after (b) soil washing with 0.05 M EDTA in each particle size
fraction for contaminated soil.
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Figure 5. Chemical partitioning and concentration of Cu before (a)
and after (b) soil washing with 0.05 M EDTA in each particle size
fractionfor contaminated soil.
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Figure 6. Chemical partitioning and concentration of Zn before (a)
and after (b) soil washing with 0.05 M EDTA in each particle size
fraction for contaminated soil.
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Figure 7. Chemical partitioning and concentration of Cd before (a)
and after (b) soil washing with 0.05 M EDTA in each particle size
fraction for contaminated soil.
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