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The Remediation Characteristic of Soil Contaminated with Heavy
Metal and Total Petroleum Hydrocarbon (TPH) by Enhanced
Electrokinetic with Fenton Oxidation and Soil Flushing Method

ABSTRACT

This research reports the enhanced Electrokinetic (EK) with H,O, and sodium dodecyl surfate (SDS), which are commonly used in
Fenton oxidation and soil flushing method, in order to remediate soil contaminated with heavy metals and Total Petroleum
Hydrocarbons (TPH) simultaneously. In addition, influences of property of soil and concentration of chemical solution were
investigated through experiments of different types of soils and varying concentration of chemical reagents. The results indicated, in
the experiments using artificially contaminated soil, the highest removal efficiency of heavy metals using 10% H,O, and 20mM SDS
as electrolytes. However, in the experiments using Yong-San soils (study area), remediation efficiency of heavy metals was decreased
because high acid buffering capacity. Through experiment of 20% H,O, and 40mM SDS, increased electric current influences the
remediation of heavy metals due to decrease in the soil pH. In the experiments of Yong-San soils, the remediation efficiency of TPH
was decreased compared with artificially spiked soils because high acid buffering capacity and organic carbon contents. Furthermore,
the scavenger effect of SDS influenced TPH oxidation efficiency under the conditions of injected 40mM SDS in the soils. Therefore,
the property of soil and concentration of chemical reagents cause the electroosmotic flow, soil pH, remediation efficiency of heavy
metals and TPH.
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H,0, + Fe* & OH* + OH + Fe' 1)
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= Zgete] B3] L AERY st a5 A7
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(4) porous stone (5) voltage measuring electrodes  (6) power supply
(7) cathode electrode
Fig. 1. Schematic Diagram of the Experimental Reactor
Table 1. Chemical and Physical Characteristics of the Soils
Parameter Atrtificial soil Yong-San soil
sand : 64.12% sand : 76.84%
Classification according to particle size silt : 27.24% silt : 15.08%
clay : 8.64% clay : 8.08%
Cation exchange capacity (CEC) (meq/100g) 11.67 10.14
Organic carbon content (%) 0.19 5.72
Initial pH of soil (100%, water-solid) 7.81 8.83

ng 7kzke] £3k& 410mL(anode), 245mL(cathode) 413514
o} A5 WY FF7IDC power supply, XG600-1.4, Sorensen)=
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(SHOWA)S gkg3le] TPHO| 7] %= 4,000mgkg, 3 1,000
mg/kg, o} 2,800mg/kgo] H=s AFBIGITE B3 Al AR
H A B 8 EAo 2 TPHE 4,000mgkg, ' 160mg/kg,
oFd 130mgkge] T2 2% o] Stk TPH 2.9¢]
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o] ofgh mhiL Sol el Y TPH @32 w4 3 AP

[<XNe]
- =

=12 1)
=S

el Bl =t A A ARE FHEE,
JE)x )] FER oJal g Ao R AL ek Tdg
W] BARE AR Slsted, AFE EYke 20:4)(850um) =
ALE T ARBIeH, 7 7] B S Sl s
Sl B Hx - 30%9] R sl A3siint B
E231H 52448 Table 19l UERICH, 9&558 55 EY]
TRAES Tessierdol]l 2Jal] #418lo] Table 241 AAJ8lc
(Tessier et al,, 1979). FEFEHE F3) H41d T 2 s
B B 5o ol e ArIseRRl SA7-AE At 5ol
n 2= gk sl Akskarat gk

Table 33} o] 120 @ AR B} 84k EYel] 5
S5 zjolol] wkE Ast 544S vletslr] ffsl H0z (>99.0%, Dae
Jung)¢} SDS (>99.0%, ACS reagent, Sigma-Aldrich) 12|32
NaOH (>93.0%, SHOWA)7} AREE ). k= A=-aHe] HL-
10, 20%2] H,0,¢} 20, 40mMe] SDSE o]g3lom, o=
A=e] 73¢- 20mM NaOH 270¢} 20, 40mMe] SDSE Z}z}
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Table 2. Distribution of the Different Calcium, Iron and Manganese Fraction in the Soils According to the Tessier Method

Fraction Artificial soil (mg/kg) Yong-San soil (mg/kg)

Ca Fe Mn Ca Fe Mn
Exchangeable 2110 0.03 3 2916 0.561 7.3
Carbonates bound 265 0.05 0.7 1057 1.004 43
Fe-Mn Oxides bound 103.6 825.8 339.4 27740 5038 358.6
Organic matter bound 47 72 61.6 1472.4 501.6 39.8
Residual 68.6 31047.88 1232 9373 17100 138.6
Total 25942 31945.76 5279 34122.7 22641.165 548.6

Table 3. Outline of Experimental Program of Changes in Concentration of Chemical Reagents

Parameter Artificial soil Yong-San 1 Yong-San 2
. 0, (10%) H:0, (10%) H.0, (20%)
Anolyte variable SDS (20 mM) SDS (20 mM) SDS (40 mM)
. NaOH (20 mM) NaOH (20 mM) NaOH (20 mM)
Catholyte variable SDS (20 mM) SDS (20 mM) SDS (40 mM)
2.3 EAddp A & F 4592 0.45um membrane filter2 o3} 3

Asle] WaE B B el W5, ARERE 9,
51 pHE G4 12 315 20 S4sfslor), 42l 49
2 190~KF 5<L %15y 3\3 | B 5 98 e 9Ed
o] Wisks ERIsp] s H AES W7 Ul 8523te] At
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pHS} 3] 12l S545) TPHY] w55 S48t B9
pHE E4Q I3 A7 |35, 2009)2) ’“/\O]%%E—%
A=H(pH-glass electrode method)ol] JAH3] 5go] ES A5
slo] S0mL wlaZeiael] Y - 5 347K 219 pH meter
(Orion 8156BNUWP, USA)Z o]g3le] =Askot}. 1e)1
FEES SA3N] Stk B IT A7 IEMinistry of
Environment, 2009)<] 9J7‘]3—7—’:‘*1v‘fjéﬂ%}.‘?_‘?.j(atomic absorption
spectrophotometry)dl] w2} £ MZ 3¢S conical tubeo]] 271
3 HCI, HNO; (matsunoen chemlcals LTD., Japan, harmful
metal analysisyS 28z 21mL¥} 7mL 37K 5 2AKF 52t A=s)
S OJF 80°C ThA] 2412t B<F Fhede F Wz Wk
2032 St AR 3,000rpm o = 4] ek $- %‘%"—’1‘%
oJ3}2|(No.40, Whatman)£ &J3}dte] 100mL w|AZ gk~
AT g AN FASFESF7(AAS vario 6, analytlkjena)
2 B3l ) TPHE 5433517 9J5ke] Bk JEAAE
7% (Ministry of Environment, 2009)¢] Z&u}5&H o wa}
E9F AZ 2¢5 conical tubed] &7 T AlEr} EEFHZE
FA =S T3 E F(>98.5%, Samchun)S ¥, 3:19]
dichloromethane : methanol &7j 20mLE 378+ & o] tubeS
605 £} 2S5} AA7)(Branson 5510 AMg3le] 285} 22
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FZ S5uLE npo]a 2R 2 GC-FID (Agilent Technologles
6890N, USA)dl| Fsle] I 23S 7|53}, =9y
FEZHNCs~Ca0)d] AFAZHretention times)ol] HFsH= 37_4

HHE S8 TPHE s 9)=9] Faste] dAS S
A=3199tE GC Column (Agilent Technologies, USA)-S Zo]
30m, W74 0.250mm, film A7} 0.25um¢] capillary column
(HP—35)E ARg3te] ARdstslon], 47 %= 280°C, &7
£ 310°CE FABIGITh 24t 7k AaN)= frée2 2.0
mL/min® 2 A3}k
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o, Qg o R QAR B A AFARE F- SARE oo
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| Akl oz gl dEE e Sus v 20U
EF U 159 o st 54 S7kste] A7 =Tt
g7 wEoltLockhart, 1982). Z1ejEe 7o WY 3%
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Fig. 2. Electrical Current Corresponding to the Elapsed Times in

Accordance with the Concentrations of Chemical Reagents o m Z(Acar and Alshawabkeh, 1993), ESke Ax|H o2 214
and the Properties of Soil
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Fig. 3. Distribution of pH in the Soil After Tests Depending on the Concentration of Chemical Reagents and the Components of Soils (a) and
Cumulative Volume of Electro-Osmotic Flow Versus Elapsed Times (b)
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Fig. 4. The Comparison of Different Distribution of Pb*" (a) and Zn>* (b) in the Soils After the Tests of Different Conditions for Efficiency

Enhancement of EK-fenton Process
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with Different Concentrations of Chemical Reagents and Types of Soils
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