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Improved Migration of Arsenic by Bio-Electrokinetics in Soil
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Abstract : In this study, bio-electrokinetics was used to increase migration of arsenic by activating
endemic microorganisms in the soil. In this technology, bio-electrokinetics which the cultured soil
microorganisms and nutrients injected combines with biological technology. This technology using
electrical movement of microorganisms could overcome the weakness of late degradation speed
and low removal efficiency. And, various soil microorganisms reduce ferreous, manganese, etc.,
using organic matter by as an electron donor by injecting mixture of soil microorganisms and
nutrients instead of using electrolyte of the electrode. Accordingly, surrounding metal oxide
microorganisms convert arsenic (III) to arsenic (V) to increase migration of arsenic (III), in
consequence, migration of arsenic increased in 60 to 70% compared to about 30% of conventional
electrokinetics.
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Table 1. Characteristics of culture fluid

Stock sol. TESI TES2
42¢ NaHCOs 1g Na;EDTA - 2H,O 1.5g Na;EDTA - 2H.0
0.3484¢g K2HPO, 0.5g FeSO4 0.043¢g ZnS0O4 - TH.0
0.111g CaCl, 0.024¢ CoCI2 - 6H,0
0.0952¢ MgCl 0.099¢ MnC12 - 4H,O
4mL TESI 0.025g CuSO4 - 5H,0
2mL TES2 0.022¢g NaMoO4 - 2H,0
0.019g NiCL - 6H0
0.008g NaxSeOs
0.0014g H;BO4

anode cathode
Influent
reservoir + 1 3
F

.

Power supply

[“—— Screens & filter paper — ‘ |

Soil sample

l

Anode
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electrodes
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Fig. 2. Schematic diagram of reactor



HEE - OlEHE / EX0IM =X ST7IE | Feof

(e}

|5t Ase| Ol 347

9J5te] AMEE e, STS mesh: A S A7)
Stz S gt wj s e dAste] 7 H5
off 1A Agzo]l 8- skt

Egel #9e ol2Fwa 9 A71EsHol ot
A2 pH MSHE 2d6t7] o) vkt =/

ST AGR AJo| 2 22 G0 LIAAT

1. O4E HHH &t

2 Aol AR B A SRl Z4F
A7kste] Alzstded], L A2 Table
ER QAT 2 Aol AMSE A SR
OFES H7bsto] Azste=, 1 Az
Table 10]] Ueb ATt

PY O 2= KoHPO,, 1831 7|E} n|F YA 3+
7] ]38 CaCls, MgCla, Na:EDTA - 2H:0, FeSO,
7nSOs - THLO, CoCle - 6H20, MnClz - 4H:0, CuSOs -

H
o

= 19
:

flo ofN =

=2

T
3
N

0 2 4 6 8 10 12 14 16 18 20

Fig. 3. Sections of a bio-electrokinrtics reactor

20

15 -
£
Ed
E

10

s I I
0 1 2 3 4 5 6
228 1244 9.97 5.89

14.69 12.19
Fig. 4. As concentration in each section

section

aaaaa

Fig. 5. As concentration in each section

5H20, NaMoOQs - 2H20, NiClz - 6H20, Naz2SeOs,
HsBO4 5= 2V Y5150, Table 1o 1 ¢
ol UehSltt, ot S njEo] gt &
2 pHEES YA FASH] 1% &

499 33
2 =8 Shus] 918 NaHCOE 23 St
ek

1 9]9]|, NH4*, NOs~, NO2~ Stock solution 100
mg/L& FHIeHT}, SRl NH4+9 02 (NHy)
S208, NOs™ 92 KNOs, NOz o2 = NaNO& 7+
7} 100mg/L& FH|sto] ARE-slITE anammox Rt
S-S NHs*¢} NOs /NO» & o] g3}0] o] Fojxuz
0|2 §mst] $Is) 4l Eopol vl NHA+
Stock solution, NOs/NOz~ Stock solution= 54
S UoiAE F R AL T, 3002 $X/T
G714 3-4Y vith A FEE A ASA AAD
A= Foll F5eirl FEe Bt HAeR A

£ Wt

2. 27
ool n o] Sajulo] ket FE49] ol

Z7} of g FERAlEA] dotiy] flste] Ao

N

3t AT} )= 75%7F o E =T} 7R B e}
7)(ZE, olefFE, 2013) WEol, Y= : ufjokH
D1v/v)R geo] ARS Akt

E3E o]5 AFL HRT 10Y, 2% 20 ~ 25T

A AT, ARAL A Z o g3te] dem
x&
Q=

W Lo

Fig, 30l LERd 213t o] B¢ A2E 67119] section
Z

EERIEE

1. HA MH 288 2E

Ag=zo] NO3-&

N
o
s
Tt
ol
g
oZ
b
il
-3
at
IS
<



348 SAFEI} M24H M4E

o7] B8-S Wil o A9IA AHgE AT Fig,
g0 el oA SFFOR Ask

22.80, 14,69, 12,19, 12,44, 9.97, 5.89 mg/Kg=
=4=)3c,

A0 R NOw & AL Ase) 558 27] %
To} W wste] Fig, 5of b ik,

AA) B As®) B+ HE+= 16.14 mg/kglo =
AH=|ek, Fig, 4, 59 Lekdt 24 As7 547]
S5 4T BOR JYY olF AOR el

7301]*1 Ast &E AH= EASHA] oL skt
2 - oFA3t T A ALSHE AEl R EA5HE R,
’SHE7H%8 At o vlgl] nlgEo] o5 A%
AA=-A = 0]8-517]7} of 2l & AHlollA B !
Shewanella putrefaciens ¥ Geobacter metallireducens
59 o|8ta] F43H) Whe|elobr} ¥4k (Arsenate)
2 As(V)E A8 = 0]&sto] oFr|4t 4 (Arsenite)
ol AS(IDZ FHIAZ Bk ohfet 1 34 59
37l Bz oUAE Eet, obRAFEE EollA]
S8} v EonR ROl gr} Hr),

wefe) 2FOR AVt SO R o FateAlE
obiL7] §13fl Fig. 60l NOs & i3t w571 W
7o) 91310 4] Ase] B THAIES ehygict,
S} Az FollA As7h BEEA] ool uljokallo]
T2 Eekal 55089 oFo] gle A

O 2 BT,

o
Ak
o

OlI) > —>|i F—EI -’lN'

>~l

glo & ne

7154 AR FAAR 0]8-38] shewanella &
o] u]AJEo| Fe, Mn 5-& gHdgtol upet Fwio] &
Ry Hl%‘%Ol As(IDE As(V)E W37 o2 H
As(Il) 2 As(V)E & o Aejete a5 714, ©]
Sx7t 712 BA7IHY <oF 30%°] BIEH 60 ~ 70%
Ar 2 Aoes gelstolrt

H| A7) Egfoll A S-A1gE T2 As(ID=
= HoAsOs 2} H3AsOs, As(V)2 EA3F= HeAsOq,
HAsOs 20|t} &, As(V)7} A7]2 o2 o]Fo] 2
£ ol 17k —27F olo)7] yiEof| o R
o] o] 5/ 7HA= Aolet, LU, & AtelAA
 AsIID)7F As(V)Z ABStE= AstollA = 07}, -1
7toll A =17}, —2712 sk of HakE HA Heg

o540l Z7FsHA E= A SR HhEr

EFU oA, As(l)E 42.4%0]19 1 A7}
As(V)olt}, o]z, 42,4%9] §71/d v]4 Fgto] vl
Ho| FH o g Qlste] uiFH L] QLA (POS )7}
HsAsOso| A AsOs*HEo] BHEElo] 7|4 o]l
£ 7HA ] o]& Qg o5 Hole AoR T2
AsQOg? 7} o] & AE| 2 HsAsOs Kt} |7} o
2 FAZIAQ0 a7 oAl = Ao R st

o AYE7E 245 vlEste] o) At
E3 37 YepdS B9lgk 71EAE (o9 s, 4l
T, A5k, 2008)00 wheh A7]AR] 2% 35
T, o9 olg&, H7|gEel o3t IHAEE

-

Z7)8}

ot b

25%
20%
£
[=]
= 15%
Q
Rd @ As
E
e 10%
K
=4
s
5%
0% l
o < ) 9 % () > 5 @ S @ > S 5
Qob \-(\\\'@ N o Q Q Q \.\\\\@ 6*\ & & & &° &
° g N N S &
[¢) @ \Q \,\
Al

Fig. 6. Weight percentages of As in each section



YEH - O[T / EL0IA YESHH ST7|E2| Gt

10
ro
&
Io
°
O
w
=
©

Table 2. Major soil remediation specific costs

27| o
Biodegradation 30-100
Bioventing 10-70
Biological White Rot Fungus 98
Natural Attenuation -
Phytoremediation 10-35
In-Situ Air sparging/SVE 10-50
Physi- Soil Flushing 130-220
Chemical | Solidification/Stabilization | 80-190
Pneumatic Fracturing 9-13
Thermal | Thermally Enhanced SVE | 30-130
Vitrification 25,000
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