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This paper presented to phenanthrene removal of electrokinetic(EK) remediation and
enhanced EK remediation with bench scale test. The experiments were carried out on mixture
soil with phenanthrene as the test compound. The EK remediation experiments were
conducted under controlled voltage. Surfactant solution was constantly supplied at the anode
reservoir with constant concentration. Results showed that phenanthrene was removed little in
EK remediation. Surfactant helped phenanthrene moving and cumulated in cathode region.

Moving effect was increased with surfactant concentration.
key word : phenanthrene, electrokinetic remediation, surfactant

1.ME

Phenanthrene® &2 A543 f7] FFE F st 3= &35 2 (polycyclic
aromatic hydrocarbon : PAH)Z 27H olate]l WA E X3, A W] FYe &5 F 4N
e 718 FEoly AFHAAE B Aol FE&(spil)F FF(eak) To] W<dolth(Chang
et al, 2000). watd, {4 Mg FHse FEAY 2 Vg FREAL 95 AFa 59
M F2 T2 BE¥X3ta AHEYEH ., 1997).

PAHS®} Z& &34 A (hydrocarbon) ﬂ% 2 Bo g |37t ERAY F FF1H7)

1/]—

o e FEAME F7I B #H99 ANt Ae4E L9A I H(Harwell et al, 1999).
53], 4 54 A ¥ Auko] PAHE 9% A 71€9 494A A At 7[Yo] Bl & &H o]
o},

wela], B =EdAe AERE AvtelAe] U3t 99X A3 71 electrokinetic(©] 3t EK)
A3t A8 A PAHS A% AURLAHAE o83 TAAVIHAAY AFE ATFsrl A8
phenanthrene2. 2 29 % AJHA xrg AUl ez AHI bench =AY AHE HA
EiiA=
2. 4™

EEA ALEE Alge FEAF Ed3 U A4S 29
: "1"”%}'3}04 AFESE AL, ASTM D 422 71#oA AddE Awtez wRstn s AdEE 30%0]
Fol A& HAulelA A@Er] s 48 EPK 712U 1% AQYE RAYE THHE 372
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<3 1> Soil properties in this test

Sand EPK Kaoline
Coefficient of Coefficient of Effective grain | Specific | pH at Liguid Plastic Specific | Plastic Specific surface pH at
uniformity C, curvature Cg size Dyo gravity | w=500% | limit(%) | limit(%) | gravity | index area(m’/g) w=500%
2.80 091 0.10 256 7.65 545 309 2.65 2256 2425 484
AR EdA = AAY 52 &= Y F71egEde] &lE FHd &7 e vo] 24
AAGAA 2 Triton X-100& AL&3gc. B =& Vﬂ A}4-3F phenanthrene¢}t Triton X-1002
#% 995, 97%= Aldrich chemical company, Incol A T84t}

%7] phenanthrene®] 2.8 %3+ YA MGP(manufactured gas plant) 3¢ 4F 2 4R
AN o BEo HFAQ ¢ 100mgeldte GAFx, #AI Ag ZA-43 AX3A 215%
A
<

N

o 44 FulE w7 Ad <a¥ 1> 2L dqgd FAE o] &ty GUAA AgE

3 @) phenanthreneel A& FA7|Hoz AR

EK BAAE o8& d AFE
AFst7] 93 v FgFE EK AsAT e ARLIAE o] ¢ FdE EK A3 M 488 4A
sta, FdE EK A3t AoA ARELAY Fko #F olvaHAE AT A3 T
m 2 EK A3k 4¥S AAsdn

EK A3 AgoAMe Zt 2082 48 5 §&79 43 pH 58 AN, 430 8d ¥
AlEE 10583 A 3o AF9 do}d = phenanthrene® %3 pHE EA 3ttt
2 =Ee A4d 212 <E 2>9 P}

<# 2> Test condition

Test Condition
Test Code Initial s D(l:iT:;:;n Vo(l‘llasge
Soil Lype Contaminant nilial concentration Surfactant
(mg/kg)
EK A3} ¥ 1 Kaoline30% , .
(EO 1) Sand 0% PAl .16 x B 2
#4%] FK 48 A2 1(EEO 1) Kaoline30% PAIl 7650" 1CMC 23 32
Sand 70%
#4% BK ¥3 Ae) IEEO ) Kacline30% PAH 94.48" 4CMC 2 2
Sand  70%

E =FoM AlLd EK A3 Y7o FAEE <2¥ 2>3 7).

Valve for cell .

Mariotte
Botile

Power
Supply

O Qo000 O

de-Air Valve

" Drainage valve

Drainage valve -~ -

<213 1> The diagram of reconstitute <% 2> The schematic diagram of the electrokinetic
apparatus remediation set up
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Ago]l AP F A4z W pH #ge FHGFL <a¥ 3>-<a¥ 4>¢9 Zo]
ebsie.
14.00 T ———
IEELTE: 2
1200 | 'm——,*m; WT e o 700 - 7_:":.’_“
= L
000 |avee S so0 | TFEO! fﬁ#’f‘—
e 2 Toon | EEON >
. § " T T 1 3= = ..'.
O 400 .fi”
=
o £300 |- -
5 o -
S o
= 100 !,gld'
. o bmett® e
0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0
Time(h) Time(h)

<Z1¥ 3> The anolyte and catholyte pH during <328 4> Volume of cumulative effluent with

EK test time during EK test
Z7] 9 100217t B¢ F4% pH W38 Hel o], dA% oz AT FFATFAA
= A7IEs g8 dA=E H ol JFo pH 2~3 AEZA oA i, SFAFZAAE
—

OH o}l29 %o pH 11~12 & .
YA FZe zt AF 2AE Ui fAE AY BEYXE BT AVAFERHLE AVANEA
A AkshE, 4.02x10°%~1.37x10° cm¥sec-VE YEbRE
EK A A¥o] £33 X phenanthrene 2% FX & AASH <a2q 5> o] Yeyz, 7z
27459 i 27 222 AF3e A& He ZF phenanthreneE <219 6>3 2t}
FA718 S ALRELA 22 EK AR oM e fFE5dA A& A (detect limit) Plgte s A
E54] e Aoz Austd A AAHA FLE ¢ F AU BIFFAZFEH &AL
1287%7F # A=, ol AEE FEE 47301]/\1 wAEtE 3w Aty AZ(g B )l

ko]

s

ha

=

o
@

o
o

Initial Concentration(C/Co)

Normalized Concentration from

*E0I +EEO| + EEONN
= 04 " P T
14 13 12 11 10 9 8 7 6 5 4effluent Loss 0 ot 02 03 04 05 06 07 08 09 1
Normalized Distance from Anode Normalized Distance from Anode{x/L)
<1¥ 5> mass balance(EO 1) <% 6> Normalized concentration from initial

concentration in soils after EK test
ARSGAE F98 49 EK Ast Had s %32 phenanthreneo] S3HFZ02 0]
3l AR A4S BRI, 7%1@%’“2114 T2 2245 ¢ ol FHHIJG 1 CMCE F
% 4 + F31E AHEAAI EFA

b 2@ ol
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71 2.9E< phenanthrene®] EK A3t A7 A AFd F7Hez AUHGA
Ag o8 W A% L bench 2ALE AA AE} 27 o5 22 2ES dU
57 ¢& A4 §7) 2982 phenanthrene® EK A3} AgdlA A2 AAH

2. AREAAAE o] &% F4E EK A3 HgodA ¥4 phenanthreneo] SFFEFSEZ olF
3t} A = Aot

3. ICMCE #9% #F4€d EK A8 A A= phenanthreneo] & o]FA
ACMCE F98 FH7IHAAM = durez & o548 BQTh
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