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Remediation of Mine Tailings Contaminated with Arsenic and Heavy Metals:
Removal of Arsenic by Soil Washing

Taesuk Kim - Myoung-Jin Kim'

Division of Civil and Environmental Engineering, Korea Maritime University

ABSTRACT : In the present paper, a study has been performed on remediating mine tailings around abandoned mine contaminated with
high concentrations of arsenic and heavy metals using the technique of soil washing. Through the removal experiment of arsenic, the
optimal conditions in the type and concentration of washing reagent, mixing ratio of mine tailings and washing reagent, and washing time
were derived. Results showed that the most effective washing reagents to remove arsenic from mine tailings were oxalic acid(72% re-
moval efficiency) and phosphoric acid(65%), while the oxalic acid(89%) was the most effective in removing the heavy metals containing
Cu. In addition, the most economical and efficient washing concentration was 0.25 M and the most suitable washing time was 30
minutes. The optimal mixing ratio of mine tailings and washing reagent was 1 : 20(mass/vol) from the viewpoint of minimization of waste-
water produced after the washing, as well as the washing effectiveness. Although the mixture of washing reagents did not help in removal
of arsenic, it could lead to much elevated synergy effect on removing Cu and Zn, compared with the single reagent.
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Table 1. Arsenic sequential extraction procedure(Herreweghe
method)M)

StepExtracted fraction Chemical reagents added to residue Duration

1 Easily soluble 1 M NH4CI(30 mL) 2 h shaking
2 NH4F-extractable 0.5 M NH4F(30 mL) 15 h shaking
3 NaOH-extractable 0.1 M NaOH(30 mL) 17 h shaking
4 Reducible 0.5 M sodium citrate(30 mL) and 15 min

1 M NaHCO3(2.5 mL) while adding heating
0.5 g NazSzOA, * 2H20 (85 0C)

0.25 M HS04(30 mL) 12 h shaking

Cleonc(4 mL), HNO3cone(2 mL) and
HF cone(2 mL) mixture; gently
heated until half dry, subsequently
reattacked with these three acids,
heated until completely dry,
redissolved with 2.5 N HCI(20 mL)
and diluted to 50 mL

5 Acid soluble
Residual

N
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Table 2. Physical and chemical properties of mine tailings

Property Unit Value
Soil size distribution
Clay(<2 pm) % 1.1
Silt(<53 pm) % 14.6
Sand(<2 mm) % 79.1
Gravel(>2 mm) % 5.2
Water content % 14.3
Major minerals® Qz, Ch, Ka,
Ja, Mu, Py
DO mg/L 3.01
pH® 491
Conductivity" puS/cm 1499
CEC cmol/kg 2.63
pHpzc 5.05~5.62
TC® mg/L 0.75
TIC® ng/L 4.65
LOI* % 1.59
Major anions”
F mg/L 0.27
Cr mg/L 0.33
NOy mg/L 0.19
NO;y mg/L 6.12
S0~ mg/L 323.2

*: Qz: quartz, Ch: chlorite, Ka: kaolinite, Ja: jarosite, Mu: muscovite Py:
pyrite, *: measured in supernatant of soil suspension(soil : solution =1 :
10 by mass), “: Loss On Ignition
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Table 3. Total concentrations of arsenic and heavy metals in
mine tailings
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Table 5. The pHs of solutions after the soil washing for 4 h
and 8 h

Concentration(mg/kg soil) Conc. pH
- Washing reagents —
As Cd Pb Cu Fe Zn Ni Mn M) initial after 4h  after 8h
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Table 4. Sequential fractions of arsenic in mine tailings

Fraction %
step 1 Easily soluble 0.21
step 2 NH,F-extractable 1.11
step 3 NaOH-extractable 29.63
step 4 Reducible 2.29
step 5 Acid soluble 13.96
step 6 Residual 52.79
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Fig. 1. Removal efficiency of arsenic and heavy metals according to the washing reagent at three concentrations(S1:phosphoric
acid, S2: potassium phosphate, S3:sodium citrate, S4:citric acid, S5:ammonium acetate, S6:ammonium oxalate, S7:oxalic
acid, S8:hydroxylamine, S9:water, S10:sodium metabisulfite).
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Table 6. Stability constants between organic acids and cations at

a temperature of 25°C and an ionic strength of 0.1 M

Organic acid Pb** cu* Zn** H
Oxalic acid 4.00 4.84 3.88 3.82
Citric acid 4.08 5.90 4.98 5.69
Acetic acid 2.15 1.83 1.10 4.56

Succinic acid 2.80 2.60 1.78 5.20
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Fig. 2. Removal efficiency of arsenic and heavy metals according to the soil/washing reagent ratio(S1:phosphoric acid, S4:citric

acid, S7:oxalic acid, S10:sodium metabisulfite).
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Fig. 3. Removal efficiency of arsenic and heavy metals according to the washing period(S1:phosphoric acid, S4:citric acid,

S7:.o0xalic acid, S10:sodium metabisulfite).
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Fig. 4. Removal efficiency of arsenic and heavy metals for the single and mixed washing reagents(S1: phosphoric acid, S4: citric
acid, S7: oxalic acid, MR-A: phosphoric acid + oxalic acid, MR-B: phosphoric acid + citric acid, MR-C: citric acid + oxalic

acid).

O

e A% A4 A sop
40l AAY

ojuffel] tjF-&o] Hlie} F
S omsta, ©]E full-scale AHFTA 2

43hd 7éX1131°J 9E =Y F e AR AR
2=
S SAbake] ZAylol= ©e] sodium metabisulfite2} A

As$} Pboll thal 30% oljelE 10% o]
Holtprl Algto] AUpHA] &&0] F
= 30~50%2] xﬂi—i}iw&% e 7=
gt o] Ad= ﬂl”ﬂH Fo wa} weAzre] AlF
&9 F¢FE A= 7} gzez ?54_%01]/\1 Bk
7S AL o TrABHOl: s gEEh

2 APolMe HHNAAE AAsE o] AFAA &
Aol delElong AHAIRRE 30%0] AQeite 4
5 Ut

o=

3.2.4. TFAMHAE o] &3k A H]

Fig. 45 ¥ 7 AFAE EFsM AH3S wel 2
HE gAdAHA] -9k vwd dzjolty. Cd Znol
e GLAHAE AHPS W B EFS o Al
Hago] o A yehdth 53] Zne Afele 374 &

A AI(MR-A, MR-B, MR-C) EFol|lA GAAHAE A}
EPE W Hoh 23290 EL AHESS eI
g, HlAe O 59 Aee dYMARAS} E3A
HAS] B& Aol7F A Uk ofHel W E AHAY
=RME Giky ik Ak} 34 AKperchloric acid)
A AR FLMHAE AHERS et &
ol & Aol Holx iria B eh?

E A7 5HL HAE O AASe FolBR
TFAHARG vlA& AHEEo] o A UEhd SAS
@507 ARRS= Zlo] APt 285 WXt

o

4, 4 &
B AFAE 1x5e HlAe 2IF&ow 9oy In
=S E%WIZU]%% olgsle] EWHo T AsA: AR
ARl AL o 2ok

1) Zv|ERE vlis} TEFES AASHE HAE A
A= o237 Z2th HE AFAe S FEE 025 M,
E3H)E 1:20(g: mL)°)Ath AFAIZEE 30802 AHs)

tistetd Scts| x| 303 8%, 2008H 82



2) A&EFEAY A= Hl49] 50% ©]/3o] residual frac-
tiono.2 EAsHE o vehon, $Ahe AHAZ
AHEEE o HlAY] AHEES 72%°) o=t

A} A}

%xﬁﬂ 2003 ~20069% $-Fod A3
D00011)ol <J3] F~)=| 3o,

B ATE BT
S ol A (A
olell ZHA=FLTh

e
M
re

al

. AR, A& B FE0E(2007).
2. Mulligan, C. N., Yong, R. N., and Gibbs, B. F., “Re-

mediation technologies for metal-contaminated soils and

groundwater: an evaluation,” Eng. Geo., 60, 193 ~207
(2001).
3. 494, AR BN 2L BANeFFE 0PEel

=
g3} ‘3—4 ) =33t - A=A e Y eE] -
B R T TAL T5 St AEAYD =25,
AZFAL M2, pp. 117~141(2002).

4. Tokunaga, S. and Hakuta, T.,
bilization of an artificial arsenic-contaminated soil,” Che-
mosphere, 46, 31 ~38(2002).

5. Ko, I, Lee, C., Lee, K., Lee, S., and Kim, K., “Re-

mediation of soil contaminated with arsenic, zinc, and

:
jind

“Acid washing and sta-

nickel by pilot-scale soil washing,” Environ. Prog., 25(1),
39~48(2006).

6. Jang, M., Hwang, J. S., Choi, S. I, and Park, J. K., “Re-
mediation of arsenic-contaminated soils and washing efflu-
ents,” Chemosphere, 60, 344 ~354(2005).

7. Alam, M. G. M., Tokunaga, S., and Mackawa, T., “Ex-
traction of arsenic in a synthetic arsenic-contaminated soil
using phosphate,” Chemosphere, 43, 1035~1041(2001).

8. Ao, A& B2 Bolo) FI& w8 A%hs
L, BRAFSESIE=R(2001).

J. of KSEE / Vol. 30, No. 8, August, 2008

10.

11.

12.

13.

14.

15.

17.

18.

Grove, J. H., Fowler, C. S., and Sumner, M. E., “De-
termination of the charge character of selected acid soils,”
Soil Sci. Soc. Am. J., 46, 32~38(1982).

Sumner, M. E. and Miller, W. P.,

city and exchange coefficients,” Methods of Soil Analysis.

“Cation exchange capa-

Part 3. Chemical Methods, Soil Science Society of America,
Inc. pp. 1201 ~1229(1996).

Zelazny, L. W., He, L., and Vanwormhoudt, A.,
analysis of soils and anion exchange,” Methods of Soil

“Charge

Analysis. Part 3. Chemical Methods, Soil Science Society
of America, Inc., pp. 1244~ 1248(1996).

Keith, L. H., “Complilation of EPA's Sampling and Analysis
Methods,” pp. 99 ~100(1998)

Manful, G.,
Arsenic in a Goldsmelter Impacted Area in Ghana,” PhD
dissertation, Centrum voor milicusaneringen aan de RUG.
(1992).

Herreweghe, S. V., Swennen, R., Vandecasteele, C., and

“Occurrence and Ecochemical Behavior of

Cappuyns, V., “Solid phase speciation of arsenic by se-
quential extraction in standard reference materials and
industrially contaminated soil samples,” Environ. Pollut.,
122, 323~342(2003).

Rao, C. R. M, Sahuquillo, A., and Lopez Sanchez, J. F.,
“A review of the different methods applied in environ-
mental geochemistry for single and sequential extraction
of trace elements in soils and related materials,” Water,

Air, Soil Pollut., 189, 291 ~333(2008).

. Wenzel, W. W., Kirchbaumer, N., Prohaska, T., Stingeder,

G., Lombi, E., and Adriano, D.C., “Arsenic fractiona-
tion in soils using an improved sequential extraction pro-
cedure,” Anal. Chim. Acta, 436(2), 309 ~323(2001).
A4, w2 BAFEEe 3 v H TEE FAL
A3 BAEE AUA AYZIY et 2t
8}9]=F(2000).

Onyatta, J. O. and Huang, P. M.,
release from selected tropical soils from Kenya by low-

168(4), 234~

“Kinetics of cadmium

molecular-weight organic acids,” Soil Sci.,
252(2003).



