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A study on the washing remediation of tailing waste and contaminated

surrounding soil of a bandoned metal mines
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ABSTRACT

This study has been carried out to examine the feasibility of washing technique for
reducing the heavy metal contamination level of tailing wastes and agricultural soil
surrounding abandoned metal mines. Some organic acids with low molecular weight were
used as washing solution. Initial contamination levels of copper and lead for some soil
samples were found to exceed the standard levels of countermeasure and concern, and
those of cadmium to approach the standard level of countermeasure. Experimental results
using sequential extraction method revealed that more than half of copper and lead
existing in tailing wastes are adsorbed forms available for plants. There are some
proportional relationships between metal concentrations determined by using 0.1N HCl
solution and those determined by sequential extractions. Citric acid was turned out to be
superior to oxalic acid and acetic acid with low molecular weight in washing above three
metals. When citric acid is used for washing heavy metals from soil. it is desirable to
operate at pH less than 5.5 for better washing effect. Metal removal effect by citric acid
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solution has been proved to depend upon solution concentration and the mass ratio of
solution to soil. Addition of SDS(Sodium Dodecyl Sulfate) to citric acid improved the
washing effect of cadmium among three metal most significantly, while copper removal
did not change.

Washing technique using citric acid for removal of heavy metals from agricultural soil
or tailing wastes is recognized to be an effective remediation method.

Key words : soil washing, tailing wastes, sequential extraction, citric acid washing
remediation
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Table 1. Physicochemical properties of soils .

sample size fraction, % soil textural] CEC, orgamic .
pH : content origin
ID sand silt clay class | meg/100g %
tailing
A 44 78.3 7.2 145  |sandy loam| 6.1 3.6
waste
. cropland
B 59 48.6 223 29.1 silty clay 8.9 11.3 il
tailing
C 6.7 78.9 9.0 12.1  |sandy loam;  16.2 4.1
waste
tailing
D 39 733 139 128 |sandy loam| 10.9 9.2
waste
tailing
E 7.1 81.2 8.7 10.1 sandy loam| 6.1 3.0
waste
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Table 2. Standard conditions of AAS analysis .

wave Slit flame optimum standard solution's
metal lamp . .
length (nm) | Width (nm) type range(mg/ ! )] concentrations(mg/ { )

cd HCL 228.8 0.5 ar 0.02-3 1,2,4
acetylene

Cu HCL 217.9 0.2 ar 0.2-60 1,2,5, 10,20, 30
acetylene

Pb HCL 283.3 0.5 ar 0.5-50 1,5, 10,20, 40
acetylene
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Table 3. Initial contamination levels of soil

samples.
sample| contamination level, mg(metal)/’kg(soil)

ID Cd Cu Pb

A 1.830 667.5 875.5
B 0.955 178.8 154.2
C 1.635 59.7 35

D 1.920 29.5 368.7
E 27.825 17.1 15.5
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Table 5. Stability constants of reaction between organic acids and cations at conditions of 25°C

and 0.1 M ionic concentration (unless otherwise indicated).

organic acid H* Cu> Pb* Cd+
acetic 4.56 1.83 2.15 1.93
succinic 5.20 2.60 2.80 2.72
oxalic 382 4.84 4.00a 3.89
citric 5.69 5.90 4.08b 315

a:at25C.0.16 M.b:at25C.20M
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Table 6. Metal concentrations in wastes solution according to initial pH of fresh solution,

mg(metal)/kg(soil)
H
P 24 | 40 | 45 (5.5 60 | 65 | 70 | 75 | s
metal
Pb _
. 671.1 | 1136.0] 1399.0] 1624.0| 1452.6] 755.1 | 421.5 | 336.8 | 194.6 —
(soil A)
C
.u S81.0 | 687.0 | 6826 | 697.8 | 678.8 | 777.5 | 841.5 | 720.6 | 599.7 —
(soil A)
Cd
. 31.0 31.2 30.0 26.8 25.1 16.1 16.2 13.1 12.6 10.6
(soil E)
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Table 7. Sequential extraction results for soil samples before and after citric acid washing.

. adsorbed metal forms, mg(metalykg(soil)
soil ID metal - : -
before washing after washing removal fraction, %
A Pb 2268.8 461.7 79.7
Cu 891.4 184.7 79.3
Pb 3318.6 1048.3 68.4
E Cu 842.1 317.0 62.4
Cd 59.2 22.1 62.7
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