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Electrokinetic Remediation of Organic Mixture Contaminated Soil
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Abstract

In this research, phenol was selected as a representative hydrophilic organic compound and phenanthrene as a
representative hydrophobic organic contaminant in petroleum. Fine-grained soil which was manufactured artificially in
laboratory was contaminated and EK remediation tests were executed. Also, in order to increase removal efficiency,
the surfactant that had been used with improvement technique at the pump-and-treat was used by enhanced method.
In the test, the phenol which has high solubility is easily removed, but phenanthrene which has low solubility is almost
not. Also, it seems to be the delay phenomenon that the phenanthrene is accumulated near the cathode department vicinity
at the enhanced technique which applied the surfactant, but the removal efficiency increases as the surfactant
concentration increases. By the test which increases with time, the enhanced method with increasing time is more efficient

than the method with increasing surfactant.
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Fig. 1. The Schematic diagram of the reconstitute apparatus
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Table 1. Physical and chemical properties of Triton X-100
Name Structure Molecular weight HLB~ CMC++(mg/L)
Triton X~100 oA yocnon 625 13.5 628
- H;C—C~CHy-C: (OCH,CH;WOH
riton Lo .
= HLB : hydrophilic lipophile balance
+*xCMGC : Critical Micelle Concentration
Table 2. Soil properties used in this test
Sand EPK Kaoline
Coefficient of |{Coefficient of| Effective grain | Specific pH at Liquid Plastic Specific Plastic |Specific surface pH at
uniformity Cu | curvature Gy size Do gravity | w=500% | limit(%) | limit(%) | gravity index area(m®/g) w=500%
2.80 0.91 0.10 2.56 7.65 54.5 30.9 2.65 22.6 24.25 4.84
Table 3. Physical and chemical properties of phenol
Name Chemical | Molecular | Specific | Melting | Boiling |Water solubility He'nry‘s law constants| Vapor pressure | LD50*
formula | weight | gravity |point(*C)| point(*C) | (mg/l, 25T) (atm—m?¥mole) (mmHg, 20T) |(mg/kg)
Phenol | CeHeO 94.12 1.07 40.9 181.8 9,300 3.97x10-7 0.2 317
* D50 : Lethal dose 50

Table 4. Physical -

chemical properties of phenanthrene

Name Chemical | Molecular | Specific | 'Melting Boiling |Water solubility | Henry's law constants | Vapor pressure
formula | weight | gravity | point(‘C) | point(*C) | (mg/l, 25C) (atm—m®mole) {(mmHg, 20C)
phenanthrene | Ci4Hio 178 0.98 100 340 1.29 2.56x107* 2.1x107*
28 Q| QHE2 QY& MYE Xt Electrokinetic A& Mel0 2st 37 351



Al QL 21.5% SAZ hdstEchFig. 1). AEA?
& 5ol 3 EgEY fHEE BELAS i 15X
107 cmy/seco] QT

715 7R AARE A manufactured gas plant; MGP) £
Z]ojjx2] UutA 9l phenanthrene 2] B3 26 ~333mg/kg
ez gasia(deld 5, 1997), 47 o9E2 ogd
A4 9] phenanthrene 2 E3E=2.67ug/kg ~ 3,600mg/kg
A2 o)L tjokst B & LleHtH(Page et al., 1998).
uhebal, 27| phenanthrene®] @94 FE=E ARHAHA
MGP B¢t F R A oA &4 2329 P
°F 100mg/kgoldtz @ FA AT

Acar et al.(1992)°] 9Jstd, 7H&Ro] 1mg/g®] phenol
o] FAEIT). ujetA, 27] phenold] £ FEE YAE
30% T Foll &H3 F2EH= = 100~200
mg/kg o2 AAsHich

phenanthrene 3} -2 A4 §7] LGB Eofl 79
SR &7] ol obER 22 F7]8A A
FERE LAA7|IL A B} wREEE &, f718AIE
AA ANaE LBART e f-7] 282 phenol
2 Eof gigt St %7] g2l A edwE
Eo SR T, 1 whlsle] @ HAH T Al ®
o §71313r29] st T2 Jsh 24417 wukstR

Table 5. Test Conditions

I, ARE 2% AR A2Ag7I0lAM 159 ol

A)8H Tt
3.3 EK X3} A8

EK A3t Ay ApAdnt o] TFEH s
B3 7] LEER 29E AHtof A Eof gt &3l=
of M2 AAEEE AL, A% B&2 w07 A
gt 7O R AMgste AREAYAS =0 7
AlZbel w2t Y3taag BASHAT

AY 3 7 2R fE FER) Aex
pH E2& £4%t1, 4F0] F8E & A€ 105E
3ho] A W H-9] AR o] Holql: phenol®} phenanthrene
9] ¢k} pH, FeH|E EAISHTH

2 =59 AF 21 Table 59} Zth

2 =74 AM83 EK A3} Al 7] 9] A1/ =+ Fig.
29} ok A7) AL 7] LFEY FFE
stslr] $isl fEiet w3t S 1 oe-R2d ALY
Autoglass®E AF&3HAT EK A3} A8 7] ofzo] U
43t S 7 Az AR E TS A5, dF
3 52 $2A|7]7] ¢35t Mariotte bottle, A3t A}

S 71817] 43t power supply, A7|4%E & 43}

Test conditions
Code Contaminant con(!,girgit?;tion Surfactant D(Lér:)t/i;))n Vo;{/a)ge Soil type
{mg/kg)

E%fgiﬁfﬂ%ﬂ EKM ph%:ear;\ct)*rgne 177299136+ X 28 % E:gﬁn :738://:
e EKL 1 phenol 166.44 x 12 32 sand 70%
EKDg%T%'g I EKL I phenol 167.84 X 14 32 sand 0%
EK"%‘;’;%? - EKL II phenol 171.41 x 23 gg | sand 10%
e | EKL W phenol 169.42 x 28 g2 | Sand 70%

spaeraninenesl | | EKE 1C | phenanthrene 76.50 1CMC 28 32 sand
sl pMNeneS) | EKE 2C | phenanthrene 80.22 2CMC 28 32 sand 70%
spafpenantiene® 1| EKE 3C | phenanthrene 78.13 3cMe 28 32 sana 0%
spamenantrenesl | EKE 4C | phenanthrene 94.48 acMe 28 32 sand /0%
s DaMNenNeS) v | EKE 4CL | phenanthrene 72.84 4CMC 56 32 AT
spafpenantiene® 1| EXE 10C | phenanthrene 82.34 10CMC 28 32 sand 0%
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Fig. 2. A schematic diagram of the electrokinetic remediation set up
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7F RS, SHES(EEEA)S st EHsiHth
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Table 6. Test conditions for the HPLC analysis

2717)18 33191, phenanthrene2 FA7|H 2 AL
231 AHEAIA Triton X-1003} w773 0] H A GC(Gas
Chromatography)& ©]-8-3t] &4

Zr 24of figt 471719 ¥x7L Table 6~
Table 73} o] 712 Peiro et al.(2001)9] =53 EPA
Method 5515(USEPA, 1996)E =3}tk

4 NgHD Y DF

4.1 Sdlzol w2 FMAHES

H3} 47 2 9E9 EK A3t A<l EKMo| $&H
5 A& ol AF3}= phenol} phenanthrene®] F =
£ 27) 52 A5Es, Fig 33 2T

Eof 3t &8|=7t 2 phenol oF 99%0149] 2
AALL B2l Wi, 2815=7} 22 phenanthrene &
AlS-S 7ekEta AR Yol 4A%t RIS Hole
Aoz HotAL AAHA & & + AN

ol djzo] Bof thgt S=rt 21, E-FEE &
A7} 1472 EYAESE v A 22 Acar
et al, 1992)=|o] Z7|4kEol &gt o|f2 AA AL,
A=A 87] Q€52 phenanthrene-2- 4 23o 2 @
A5 = BEAEY WA Kate] v|FgE Al
st Bof A F3t1 ERPE Ee|Eo] BRI
E2HFYE 5, 1997) =07 wfEol A7 AT 2
3 olRto g Ao AAHA b Ao w ArETh

olye Ay AMEHE {7 2FE=2 EK A3} A
gl B st ga=f uet & 2jolE UEhdS ¢
& 9k

olg A el A7 47 BT §E4el §7]

o dEZ A=k 42X|(mass balance)S #4F5H Fig. 43

Analyte Mobile phase composition Flow rate(ml/min) Wave Length(nm)
Triton X—100 75% CH3OH : 25% H20 1.0 254
phenol” 50% CH3sOH : 50% H20 0.8 280
* Peirdet al. 2001
Table 7. Test conditions for the GC analysis
Analyt Mobil h Fl te(ml/min) Temperature
navte obtle phase ow rateimi/min Injector Detector Program
phenanthrene He 1 200 250 130—-290 4T/min

*+xEPA Method 5515
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