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Abstracts — Sediment contains a high fraction of organic matter, high buffering capacity, and a large portion of fine
grained particles such as silt and clay, which are major barriers to remove heavy metals from sediments. In this study, a
lab-scale electrokinetic (EK) technique was applied to remove heavy metals effectively from marine sediment at a con-
stant voltage gradient of 2 V/cm. A concentration of 0.1 M of ethylenediaminetetraacetic acid (EDTA), citric acid (CA),
HNO;, and HCI were circulated in the cathode, and tap water was circulated in the anode. CA extracted 92.4% of Ni,
96.1% of Cu, 97.1% of Zn, and 88.1% of Pb from marine sediment. A higher voltage gradient enhanced the transport of
citrate and EDTA into the sediment and, therefore, increased metal extraction from the marine sediment through a com-
plexation reaction between metals and the chelates. Based on these results, the electrokinetic process using a high volt-
age gradient with EDTA and CA might be useful to extract heavy metals from marine sediment.
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JEF A O RE $550F 9% SYEHES Holsh=
Zlo] ml-9- o fHUH[1,3,4]. YO R FH50R 909% EY Ul F
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Aol ARE FIUE A E AR FAke] dtefl A Ao,
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o} BRpARES: o] g3te] ZA §570] 10 mesh (2 mm) AE SISt
AEE Ve R & E3sto] FHlsldint. & Al59] E3shd &
/2 Table 1] YERISITE. BHE U] F552] 522 ESLE9d
A7l wet AFEFEHES ARSI, ICP-MS (Agilent
7500, USA)S ©]8-3sto] 2431 3itt. pHEF 7] & % (electrical
conductivity, ECy= EYQFYA 8750l met B SH7HTE
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Table 1. Characteristics of sediment used in this study

Characteristics Values
pH 77
EC (uS/cm) 842
Organic content (wt%) (ASTM D2974) 13.3
Carbonate content (wt%) 18
Particle distribution (Wt%) (ASTM D421)

Sand (%) 4.0
Silt (%) 89.4
Clay (%) 6.6
Initial concentration (mg/kg, +£0.5)

Ni 18
Cu 183
Zn 270
Pb 85

DCPower Supply

Graphite electrode—

O Filter paper ——

AcrylicReactor | 20cm R |_ Gas vent

L® S 4.

° ..... ; o 79

Anode = Contaminated soil Cathode

Fig. 1. Schematic of experimental apparatus.
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Fig. 2. pH distribution of sediment after EK treatment.
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Fig. 3. Current change for each EK treatment.
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Fig. 4. Accumulated EOF with elapsed time.
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Fig. 5. (a) Ni, (b) Cu, (¢) Zn, and (d) Pb distributions in sediment after EK treatment.
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CA 2= EDTA®| Hla}o], = FtollM= B ES] pH7t oF 30 %
237 Elo]Sl7] WliEell EOFS] ofo] vlma AGirt, sp«|qt vk =
CAS} EDTAS ARE-SH A3lelis Ado] #yt & B2 &S| pH
A TN T 52 Q78S A7) wiell vlnA] w

EOF7} #AJ31itt

=7

3-3. Z3=25 HA

e S5 AAES vlask] $El, oA 1 vieme] APEARE
0|83t EK A3 349 AAES Table 39 VERIQITH1].
S AZ HCEE A3 A g ollA Ni, Cu, Zn, Pb= 22t 62.1,
53.6, 55.1, 22.1%2] AAES BGANE, o)A 1 Vieme] w2 Ht
e A8t EK A3 vwete] o S Al ASS BT EK
A Z<Ellof| =2 HPHALE A-85H HW o=l HCle] hitst
27131841 Hhgol| €]3)] a7kt iHAstaL 78-9 Foll Cly(g)
7} ] Wol MAEt] wiiel] EFORRE fiolo] SAFo] &

w5 AR F s dolzo] TS HaL, ol s

EK A9 5 vkg7] ZF 97h8 $550 s 9 A4 Add Me(OH), EIZ Fa<o] e slo] o] g do] Zol=7] drt.
¥F= Fig. 59} Table 201 ZH2F YERASITE Hogt, 3ALe] mste]] EDTAE ARS8 234 Ni, Cu, Zn, Pbi= 717} 75.6, 81.6,
Table 2. Summary of overall EK performance (2 V/cm)

HNO, HCl EDTA CA Tap water
Ni 7.2+0.04 62.1+0.06 75.60.06 92.440.05 —5.8+0.04
Removal efficiency Cu 22.3+0.06 53.6+0.05 81.6+0.04 96.1+0.05 —13.5+0.06
(%) Zn 34.5+0.04 55.1+0.06 84.2+0.04 97.1+0.03 12.120.04
Pb 8.7+0.04 22.1+0.04 60.0+0.06 88.1+0.03 26.0+0.05
Final soil pH 3.5-8.0 3.3-7.6 7.0-8.3 7.1-8.2 3.2-9.1
Accumulative EOF (mL) 291 350 1032 820 127
Table 3. Removal efficiencies of heavy metals on EK process (1 V/cm) [1]
HNO3 HCI EDTA CA Tap water
Ni 42.0+0.04 67.0+0.06 13.2+0.06 49.4+0.05 13.9+0.04
Removal efficiency Cu 11.1+0.06 67.0+0.05 7.5+0.04 69.8+0.05 37.6+0.06
(%) Zn 16.6+0.04 69.5+0.06 1.6+0.04 67.8+0.03 21.5+0.04
Pb 7.9+0.04 67.8+0.04 1.7£0.06 57.7+0.03 20.0+0.05
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