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ABSTRACT

The objective of the study was to develop a hybrid technology integrating biological and physicochemical technologies to
efficiently remediate arsenic contaminated lands such as abandoned mine area. The tailing soil samples contaminated with
As at a high level were obtained from Songchon abandoned mine, and the content of arsenic and heavy metals as well as
physicochemical properties and mineral composition were investigated. In addition, two sets of sequential extraction
methods were applied to analyze chemical speciations of arsenic and heavy metals to expect their leachability and
mobility in geoenvironment. Based on these geochemical data of arsenic and heavy metal contaminants, column-type
experiments on the bioleaching of arsenic were undertaken. Subsequently, experiments on the hybrid process incorporating
bioleaching and electrokinetics were accomplished and its removal efficiency of arsenic was compared with that of the
individual electrokinetic process. With the results, finally, the feasibilty of the hybrid technnology was evaluated. The
arsenic removal efficiencies of the individual electrokinetic process (44 days) and the hybrid process incorporating
bioleaching (28 days) and electrokinetics (16 dyas) were measured 57.8% and 64.5%, respectively, when both two
processes were operated in an identical condition. On the contrary, the arsenic removal efficiency during the bioleaching
process (28 days) appeared relatively lower (11.8%), and the result indicates that the bioleaching process enhanced the
efficacy of the electrokinetic process as a result of mobilization of arsenic rather than removed arsenic by itself. In
particular, the arsenic removal rate of the electrokinetics integrated with bioleaching was observed over than 2 times larger
than that obtained by the electrokinetics alone. From the results of the study, if the bioleaching which is considered a
relatively economic process is applied sufficiently prior to electrokinetics, the removal efficiency and rate of arsenic can be
significantly improved. Consequently, the study proves the feasibility of the hybrid process integrating both technologies.
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Table 1. Sequential extraction method used to examine chemical speciation of arsenic in tailing soil (Wenzel et al., 2001)

Step (Target phase) Extractant Step time
1. non-specifically sorbed phases 1 g of soil, 25 ml of 0.05M (NH4)2SO04, 20°C, 4 h continuous agitation 4h
II. specifically-sorbed phases 25mL of 0.05 M (NH4)H2PO4, 20°C, 16 h, continuous agitation 16h

III. amprphous and poorly-crystalline
hydrous oxides of Fe and Al phases

IV. well-crystallized hydrous oxides of Fe 25 mL of 0.2 M NH4-oxalate butter, pH 3.25, in a water basin at 96 + 3°C, 30 min
continuous agitation in the light

7.5 mL of HCI+2.5mL of HNO3, 70°C, 1 hr, continuous agitation l1h

and Al phases
V. residual phases

25 mL of 0.2 M NH4-oxalate butter, pH 3.25,20°C, 4 h, continuous agitationinthe dark 4 h

> 30 min
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Table 2. Sequential extraction method used to examine chemical speciation of heavy metals in tailing soil (Tessier et al., 1979)

Step (Target phase) Extractant Step time

I. Exchangeable fraction 1 g of soil, 10mL of 0.5M MgCIZ, pH 7, 1 h, 25°C, continuous agitation 2h
II. Carbonate and specifically
adsorbed fraction

IIL Fe-Mn (hydrojoxides (1) 20 mL of 0.04 M hydroxyl-ammonium hydrochlorite (NH20H HCI) ) in 25%
HOAc, 95°C, 6 hr, occasional agitation

10mL of 1M NaOAc, pH 5 (adjusted with HOAc), 5h, 25°C 6h

(2) After extraction, extractant solutions were diluted to 20mL with DW and Th
continuous agitation for 10 min
IV. Organic matter and sulfide (1) 3 mL of 0.02 ™M HNO3 and 5 mL of 30% H202 (adjusted to pH 2 with HNO3),
85°C, 2 hr, occasional agitation
(2) 3mL of 30% H202 (adjusted to pH 2 with HNO3) added, 85°C, 3 hr, occasional
agitation 8h
(3) After cooling, 5 mL of 3.2 M ammonium acetate (NH40Ac) in 20% (v/v) HNO3
added
(4) Dilution to a final volume of 20 mL with DW and agitation for 30 min
V. residual fraction 7.5mlL of HCl+2.5mL of HNO3, 70°C, 1 hr, continuous agitation 1h
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Fig. 2. Experimental apparatus for electrokientic and integrated processing.

Table 3. Total concentrations of As and heavy metals in tailing soils (mg/kg)

Al As Cd Co Cr Cu Fe Mn Ni Pb Zn
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Fig. 3. Chemical speciation of As, Fe, and Mn in the tailing soil
analyzed by sequential extraction method.
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Table 4. Removal of each As speciation evaluated sequential extraction method (mg/kg)

BL 28 BL 28 +EK 16° EK 44°
Izlgrlil Normalized distance from top Normalized distance from cathode

0.125 0375 0.625 0.875| 0125 0375 0.625 08750125 0375 0.625 0875
Step 1 1540 | 39.00 2810 2310 7300 | 1540 4450 33.80 20.10| 5300 1840 11.60 4.100
Step 11 346.0 | 2660 189.5 1319 2265 | 1706 1872 193.7 1626 | 170.7 289.0 2614 1887
Step T 2,680 | 2216 2,081 1,340 2828 | 576.6 4972 5298 556.0 | 656.6 652.0 778.6 724.0
Step IV 2863 | 1502 3227 8320 2216 | 76.10 73.80 7820 76.00| 69.10 1160 89.20 76.80
Step V 4394 | 323.0 4395 3698 4650 | 4248 299.0 3654 3268 | 3694 4214 2938 2750
Sum* 3,767 | 2,994 3,060 1947 3,748 1,263 1,102 1201 1,142 | 1,271 1,497 1,435 1,269
Total digestion® | 3,747 | 3,072 3,172 2,080 3,933 | 1,270 1,130 1,132 1,084 | 1,377 1,338 1,436 1,262
Recovery' 100.5 | 9747 96.46 93.64 9529 | 9948 9749 1061 1053 | 9229 1119 99.90 100.5

*bioleaching for 28 days, *bioleaching for 28 days and electrokinetic process for 16 days, “electrokinetic process for 44 days, “sum of con-
centrations from step 1 to step 5 of sequential extraction, “total concentrations analyzed by aqua regia digestion, {(sum of concentrations
of sequential extraction/concentrations of total digestion)*100(%)

Table 5. Removal efficiencies of each As speciation evaluated sequential extraction method (%)

BL 28° BL 28 +EK 16° EK 44¢
Normalized distance from top Normalized distance from cathode

0.125 0375 0.625 0.875 Avg. | 0.125 0375 0.625 0875 Awg. | 0.125 0375 0.625 0875 Avg.
Step T -153 -82.8 -505 524 -58.6 | -0.03 -189 -120 -30.6 -849 | 654 -198 246 735 359
Step 11 231 190 132 919 109 | 507 459 440 5299 484 | 507 165 245 455 343
Step III 173 224 500 -550 21.1| 785 815 802 7925 79.9| 755 757 710 73.0 738
Step IV 475 -127 709 226 321 734 742 727 7346 734 | 759 595 688 732 693
Step V 26.5 -002 158 -583 942 | 332 320 168 2563 194 | 159 410 331 374 226
Average 205 188 483 051 22.0| 665 708 681 6970 688 | 663 603 619 663 637
Total digestion| 153 125 291 -0.10 11.8 | 614 628 671 6657 645 | 627 552 570 3564 578

“bioleaching for 28 days, ‘bioleaching for 28 days and electrokinetic process for 16 days, ‘electrokinetic process for 44 days
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