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Electrokinetic Remediation of Soil Contamination with
Styrene

Sung-Eun Park

Department of Environmental Engineering, Graduate school,
Pukyung National University

Abstract

In this study, we intended to improve the petroleum  hydrocarbons'
treatment/removal techniques with the introduction of electrokinetic
bioremediation method. 'We selected the styrene as the treatment
target material among the petroleum hydrocarbons, and focused on this
material in this study.

The hydrogen peroxide aided electrokinetic-fenton electrokinetic
—-fenton process was tested. Soils contaminated by styrene are treated
by electrokinetic—fenton process, and then we survey the applicability,
removal efficiency of the process.

The treatment process for contaminated soils must be developed to
the low-cost and high-performance techniques. Especially, petroleum
industries or facilities are usually continuously running all the year
round, the treatment processes for these cases avoid Ex-situ
remediation process, which is commonly associated with temporary
shut down of the facilities. We consider the introduction of
electrokinetic Fenton method(In-situ) as the alternatives and this type
of treatment techniques could solve the problem(s) of conventional

processes not disturbing the industrial activities or facilities' working.
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TUolA 7HE dwtARom ALREE =Y 8F Ao sl EFSUF
=9 (soil vacuum extraction)2 3#A4 F7 g4 s E) A =2 AA
ANE AL F doy AAE Lt(ong chain alkanes) =& 13k =S
e3}5= 2 (polycyclic aromatic hydrocarbons)9} #2 F3wA] 2 n)3| kA
LPE A APetA oW AFFAH ESAME E& 57148 Wi
o] &35}A] HE3cH(Grasso er al, 2001; Li & Chen 2002; Yang et al.
2001).

3} 84 2131 (chemical oxidation)®] 73
el AAZE 7hsekARE o] R AFFA EglA
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1995). olw] 4tspAlo] AFE2 A Eo] AHol| {F&3 F
of g EF Ul dH g olE AEATIERE EGY] A
o] gt}

Hluwd z o 7td 717 E(electrokinetic(EK) remediation)”] &

o
.
AFSH EFlA ol eBA(FEE, A%Y, AWD), PAHIAL, 471098

o] WrAEte] Z/E-As]d Al ~HEl(soil water—electrolyte systeme)o] =] -
3

33} . s=g)stdow WalEo] 9 dEHo] AHA7|AE(electroosmosis), A7)
%= (electrophoresis), A7]o]%(electromigration)¥} Z& ZA7] dAo] 9l sf

= o

FTETE Fa A 345 e 29 558 1T AR vAAE
ATol 24 74l B =29 olFe orled adHolH FF2 T
&3 AEtLd A (Zeta potentiaDll #H-¢dE D719 5ol ndE, FROIE,
WAEG ol Aate @ Aol 4714 olFe elviar Axwwel A
Aol nhel olgsEs} ek dvjolEL ool w Fe] AFoz
olEHE AL Haer AMHoR FIE DAY, AT 2L ole o
Ago] olgl & o]l & AL wety Fds] AES NE
°f Hd7= 2

Fotol A gt v dA 2 AFTAE EGAAE A3t
&S S7MZ F AthPamukeu ef ak, 1997; Li et al, 1997; Acar &
Alshawabkeh 1997; Saichek & Reddy 2003).

o] L sHIENE teH ZE HAEE Fo)
Edo] olF, AIA"EY. X3d EY o] A= Fdsta AR/
AS vtE FHolA Eo] o3 Ho| W7 wkgo] AT webs ol
of Med A7|EsNtEA I FFoAME o] AsrF dojya 55
o] o] dojdr} meEtA] Eq. (DI} o] F=oA dAES &
B "olA L, AtAheE WEHI FaolRo] 5 £O0F HIfde Sl
a1, 1 Abo] Eq. (2)¢F #Zo] & FAECA AAE Fv 5 7

3 frtag Bed.



F= : 2H,0 - de” — O + 4H (1

&= : 4H,0 + 4e” — 2H, + 40H (2)

EY €0, F3YEY Ao dade 3o Wl s 5 FH=
aleg: , w3 e €Yol I olAo] EF W
FaFor 23k Aotk Alto] AUHA Gl B
& THot F=208 dstA At o)y AP HAINAHFEE
== o]F(advection)', '] o7 AlF &= HHoz AAHH 'F7
§ b5 ol R, s Al ok Eik(diffusion)', 'H 717 ALl
& (migration)’ ¥ &2 o] M7 E(transport mechanism)oll 2]3}e] o] F
oAAH, olg& olsHlItUFS A AHEH, ApAs] AR offer T
ot OH o Aol 9] &= dEd Fr7|ddL G4kt o] Fo]o] 9]s}o
z7]e 702 AYPsiA -drt. EY Ul 5F5o|22 EYYATHY oj2uw
AP

&= AwistA €t

ol gt @ st EF el pHHO] FAsHA Hed TaAEE 4=
oA AAdHE ko] ko wmet TIEla HES ¢55H(buffering capacity)oll
mel @btk Yeung 5(1993)2 o8 T/ AEe v dFs=HES #F
3t Ay} o] 235 HA(CEC & cation exchange capacity)¥} #7124 5
o] Awke] pHW o] v-¢- & FeS P+ A& AAISHATHA, 1995).
ARto® ESoPdEL S AT A L9EL] Has

ié A

o A% Bashe

o ol

g5 o83 FFeY R e Rl
-AE AL 27 A s AT] WS Foto] Abstgol wfg- AR
OH #Zs A= HAE FAHT Hitshrd 3 0HE ojFS 4o
T 547 34%] AFE B =2 AAES 7T ArH(Yang et
al,1999; Yang et al, 2001). FE FAH <93 EFoZHEH FFLGES]
AAE a3 22 dAYUS & dojuA @t



Fe?* + Hy0p, — Fe” + OH + -OH (1)
Fe®™ + H.0p — Fe” + HO.+ +H" (2)
-OH + Fe?" — OH + Fe” (3)
Fe* + HOy+ — Fe” +HOy (4)
Fe®™ + HOz- — Fe™ + 0y + H' (5)
‘OH + H,0- — HyO + HO»- (6)

)

oj9} e AfAQ WS- Fdte] AAdE OH gfoze s
ol e FRLAELAETN WEA vhgete] A H A A4S
1711 AtH(Watts and Dilly, 1996; Teel et al, 2001). o] 9]ol%= ¢
E38to]l HO, gtoZo] A S AR, OH et Zel] u|ste] wkg
E}—_ﬂ a4z gt SAZ-AE FAHL WSAEZ B3 o4l
dol gl EAE ArtsittE Hox 7€ 7= HlE 3
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1. Styrene9 7] &
1.1 vt

2~E] W (Styrene)?] LubdaFe] EFolA CAS no. 100-42-5, 2422
CsHgol a1, E8]3t8t4 54 &2 ofef ¢k ZTtHWHO, 1996).

A= 8318+ d(International  Union  of Pure and Applied
Chemistry (IUPAC))9] Z©¥ld& Phenyletherne®. & ™9 3itl &3
Vinylbenzene, Ethenylbenzene, Styrol, 18] i Styrolene, Cinnamol® ¢

HA4 Ak

Fig. 1. Chemical formula of styrene.

1.2 £33 4
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tlo

Table 1914 =23t 54 Ueb L glth

Table 1. Physicochemical properties[Conversion factor in air: lppm =

4.2mg/m'].
Property Value
Physical state Colourless, viscous liquid
Melting point -30.6TC
Boiling point 145C
Vapour pressure 0.6kPa at 20T
Density 0.91g/an’ at 20T
Water solubility 300mg/litre at 20T
Log octanol-water partition coefficient 2.95

(IARC, 1979; USEPA, 1988; WHO, 1983.)

TEAFANAN FAAEZEY BT StyreneS W2 54 5L 7T HE9
A, TALD50L 5~8g/AlTkeol® 4217kt 6A17Fe] LC50E& W7] FollA 7t
ZF 113 19g/m'o]tH(Van Apeldoorn ME ef al, 1985). XA} F73E-83f
A, HEE F7] Aol 4 ETE HAT FAIE s 7He] W sket Al
AW EE 4A FArthVan Apeldoorn ME ef al, 1985).

559 styrenediES Folst A=7]E Purge&trap GCol 93] A=
HojA ™, 0.05-1500pg/ee] HAol sl A& vt JeHS5Hol= AF
71(AETA 0.3ug/0° o8 A TH(USEPA, 1988; USEPA, 1985).

of
2

4
o

1.3 B¢ 9 87|+

gyt = EYF Ao A styreneE: EFLEEEE HE 7FAE 1A
g gdor, AT WHOE 20ut/L)et w= (7] 100u/L)3} H]uL s}
o He & dddA ZAgEcz 1d vith AAbsta ATHEAE R, 2001).
FAWEFS (0.1 mg/L), "ZFDA0.1 mg/L)olA HE AL F=o=z $37
71E& Asta v EEd 3ed, 2006).

_6_



Hldad=9] 79 A-B-C List(Dutch List)E A&(Table 2)3te] 7|F2 a
A-7]F(target values)® dAAY C-7lE2 FHuzxas=zE x¥Ho o
(Keuzenkamp et al, 1993).

Table 2. Netherlands intervention values(Keuzenkamp et al, 1993)

Soil(mg/kg) Ground water(ut/L)
New Present New Present
Category A-Value A-Value
C-Value C-Value C-Value C-Value
Styrene 100 0.1 50 300 0.5 60

A Value : clean, B Value : need inspection, € Value : need remediation

2. E¥9 B9

Aol olsto] ol ¥ RE B
SEoln AQH T JdFHeR e BANAE Tl olslstolol @
oh o] EASE 4718 ARE AREAANE oA 7|7t A HE o9
= RABAAA vhe S EFYA BHo) AUHo] EFEWE] 4L
A58 Al £ CQEARY 2RI BE T4, 9%, 4
ABY, EARRSA, JAPA, ARDegA), AELE D S5 Wl 9
5, AARE 53 g G BAA e Faa,

Eg ol FrBARE Aol A v, whd R A5l o Fat
2 A48 o] glor] Ak Bgolod 2 2 4444 0.2melske] )
BAe] AEAZHA Fest A Arh@TA S EFBA S, 2001).

3. Eg4o 9

3.1 EF2¥9 A9
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A20Z(EFL AN A7F) ¥ A6 A 93 EGedgidr)+=L ¥
¥ 70014 2005.6.30)004 ELLAEEAE Jt=F, 78 & 55 LE9EZ
o g3e = 177 FEo 7 FAREL YrHTable 3).

Table 3. Domestic regulation of soil contamination(mg/kg)

Warning Emergency
Category
"7}" area "U" area "7}" area ".}" area
Cd 1.5 12 4 30
Cu 50 200 125 500
As 6 20 15 50
Hg 4 16 10 40
Pb 100 400 300 1,000
cr’ 4 12 10 30
Zn(zinc) 300 800 700 2,000
Ni 40 160 100 400
F 400 800 300 2,000
Organic phosphate 10 30 2 -
PCBs 3 12 y 30
CN 2 120 5 300
Phenols 4 20 10 50
Oils(crud oil only)
BTEX 7 80 - 200
TPH 500 2,000 1,200 5,000
TCE 8 40 20 100
PCE 4 24 10 60
¥ Note 1. "7} area : farmland, pasture, forest, school, river, athletic park

(tree or grass covered), amusement park, religious or private area
2. "Y" area : factory, road, railroad etc.
Egoqe EdEe BFedBad 17 B3 dote] A, WA
5 Z

= Ege] 52 FRED 27 tetel @Al ntet EFedesE
3} Egodnarzor TRt ode 4wt AR A% F - 48
o)
IT

b Slol BEX9] o] &TA], Al HAFA

9l 7
FAZA Bad A2 o@dHE EFodurlzon H4s, v

2 ol

_9_
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b W E7k2ol A Yo = tho]&Ale] Fheo o3t A xSy T4 28 wigA
o] AEFl g EFoqdel FEe EAET AT & F AT F2 2
QAR AfaA), sstala, 2R, AP S 20004 2AET SHE
FOPFUALE 2041242 o]F 60%7t Fhiolth FHE WA @ A7
o] F2A AWHE a3 B o] oA FdE 5 ded 53] F
T4 Ao AF AGel 7MA AAEZR T2 L9EL JA-E
2 & A7) AsE =g = 3
Table 4. Recent episodes of soil pollutions in Korea
Year Region Site Pollutants Note
{ Wi opel gm L CHIE RS Ya 2499
2003 LA B 234k T el C H Tt A H A&, obdd, YA, JtEFE
4 ETARIES
Fage BAFA LA 3799
2003 FAET i YA-CH Blob7] #F 7150 3 A
ot TPH7F H2#20807F 94 o4
2002 85 7 o gk B AL A FHA AFARR 1IN~ 16 F=
RG] - b o o 71274 7] 1 (0.6pg-TEQ/Nm')
N ]
2002 A Al 2k 8] 7] 7} o] &4l BT} 331} =o 0.789
2002 HEYAl X5H Eo T 7 A E7E Tt 57]
edE (pH4.2) B3, 725 (4.4)
L ol = AL H 7 O ’
2002 1€ 4 ' G W ahE (5.2), 81525 (5.1), 1EHE(5.0)
2002 &l HFA AEF FEE Cd 3.4, Cu 49 As 790ppm
} . ofA~FE AFTE AT T T 20049 24, 10099mel
2002 AW deE AR s A5 8¢ oz Fzol EnY
2001 A% FUFA T dRdole B2 Fa4, EF4A E¢F, Ay, A (pH3)

Table 4. continued
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Year Region Site Pollutants Note
2001 A= 870 o foa FRed TPH # il 769, BTEX 84
B} g v 9 AEs
7 ) 7] & } Zzaz
2001 371 H71E HEA THS Qe A A uE
2000 FARAl FARRT Thol HmxA Hud, #Hf A u T A HA71E WY
2000 A71= e vL /\}7—1% dd o, 35, 7d T -
PSR 5 2= <
2000  AgA g3 mlEsdA Qg T REFE aa nioz qa vz
b R
2000 Ag =97 HEFATINEF FaE Pb 4351 ppm, F&tge] F7 wF
- Eoko A d 7] &(200ppm ©] )
2000 A= Fhra i edd 9 z3bet 3, 43702
B T g ol o el W Pb)} ZE(Ch),
2000 UH@:E] [ =] _?"L] ]’—v (] =Rl ?‘E](C ) = u}\
5 _ ve] AgR AR FAHHE
T4k Tab g % . - 5
2000 ]53 L] ;Q]ZZ'“ X‘"}_ﬂ] ] 16H 27(4&1%‘ 01 tﬂ7]— :’l/\]_?g_
2000 W m2714 T35 FBHERH oY FE
Zon 9 557 = T8 AF25cmHA-E] o dd=
2000 EH:ILA] k]:l'" _E_—] 7]'5 1“]’8]]51 e} 5_
A5kl 2 1%}%327117} 592
2000 A% 94 o) 782 7)1 JP-8AE ol A71WA Aba %l@ o
BATHAA(TO=)F
i AE R A ﬂ%ioﬂ
ol 2A)TF
2000 A71= T ﬁilﬂoﬁf 3F 25 ol YFE 9ol ge zm
Zih etz gt 72, 200099 0f+=
= 4 . @, Hl&, T FHELA o9, AFAA
1999 @ AFE Ay & s === ARl 3o fA
_ L 3WRroL, TEEol 234
1999 AHA HT & &t o1 ] AN} i oEe oo
npA2=Z 202 o B
1999 A vhaw }141 ;&f];;; ol &2 A} 128+ 1000Pg/g
A Y it A Al ol
e} =] =
- = A8k 500m #&
1998 737]_1;: 9’]%}}\] H §}§|L—5‘Zo} %‘El"onﬂ, 'B"(IQF ‘?_]E%"X”/}X] :Q]_/\}
Ashfr A A W el A
EER A7) % R °
1998 Sl 4 G5 Fe TR0 09 %
R i = i zroje) Af5y Bt
u T = S 210 T
1997 A AAT e s AW 3
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o A4 F57 9 26001 F&
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87 & B v - XéJHXMW oo 71ErE,
1991 s amy el 3t w3} uk 1uro] 7
Table 5% Fo +4 7bsd EFodAs 2 A2 nejFu Aok &
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A 2no FEAGRG W Acs AL ¢ 5 Aok AAY GEE
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EFAFLol weAE A gol FIe Aol 7}

flol AxE wgeR wue] Eded 2AF H 59 AFTES FF 10
A7k 50009004 129 o]2m s]eh Fru 2GRN EE 3000990
2 FAsAR AARs ed=o] gk mujel] olFn & HdvlEo] %4
U7 &gkon® o] ugrre A4 BE o= dddrt

AAFORE 19703 &, 1980 Z7]o] Holulglsl Z7hew) 3 2
Uetsol Bt Aske o9l A AR ddE& Zov] AFgon,
dEES] F¢ EE LA E] 598 19814 54zt 59 FRE HUIEA
i, 61 d F 10~20d7F 1009 R FUEskleh. sk 1996l = 4
Az 5009 2= F7skEA 2 v o) S7kekith. A AAH o Bd 3
A, FEAA, SFAEARE A", S gUAL, G533 TSSO
= S 2 12 299 Aeugo] dadt Aow st 3l

Table 5. Presumptive number and area of domestic soil pollution works

Number sites Area
Class .
(exceed warning level) (thousand m")
Waste landfill 1,445 47,586
Storage tank of Crude oil
. 255-5,109 20-409
and Hazardous chemicals
Mine area 502 22,274-24,968
Army post(in the past) >200 108
Total 2,402-7,256 72,682-73,071
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4. A7) As71&€9 olF
4.1 EF W) $27] ¥4

HAE e d el e - A" R 2
gl H| g JhA e a7 Aol dojuAl wrk. 01316 3¢ Table
)8 0 =
%

A, Zel mE FY GG ot Aot
[OIRE]

Oi/ﬂ X*HXU} Y l% ﬁolq. ks lﬂ 1*191 ul 7PX1 %Xdﬂ L’%
1995; Brett & Brett, 1993).

Table 6. Classification of electrokinetic(EK) phenomena in soil(Jeonget al,, 1995)

Mobile Stationary

phase phase Phenemena Principle

Phenomena

movement of liquid
Electroosmosis Liquid Solid phase through
stationary solid phase

External electrical
gradient

Movement of liquid

. voltage generation phase through
Streaming e . . . .
. Liquid Solid across the stationary stationary solid
potential .
solid phase phase by external

hydraulic gradient

movement of charged

. . . articles through External electrical
Electrophoresis Solid Liquid .pa 1eles ng xterna gec tea
dispersed stationary gradient
liquid phase

voltage generation Movement of solid

Sedimentation caused by movement phase through
. Solid Liquid direction of solid stationary liquid
potential . .
phase in stationary phase by
liquid phase gravitational field

4.1.1 A7]4%(electroosmosis)
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E (DC)

| |
—|— Saturation clay H

(a) electroosmosis

E (DC)

£

Saturation Clay H
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| |
_|_ Clay_ suspended %

particle

(b) electrophoresis

+_

Particle

movement

)

E (DC)

(c) streaming potential (d) sedimentation potential

Figure 3. EK phenomena in soil(Jeong et al., 1995).

4.1.3 A7) )5 (electromigration)

B ol A7 @A) 7Fsi A o] 25 -2 Apale] AsEA uEl 2]
22 o= ol 3lar, ofolee S=Fo & ol5stA Hr}l Acar(1993)E o]
549 o|5%, Jg v ol AAlSkE.

J' = ci
T UiCit,

A7l A we BFO fFa olRolEd, v B v& 18 = A
7174 Aol th, EFF Acar(1993)= o] o]%Fo] 93 EFo|xe EH7] AHHA
3} o) glojq Fa3 ge 3= AL A AN



4.2 337 3538

W7 Aste EY U AFHVE At EYoERYH o954 S F
=ote Aojth. ESF ol AXd Aol AR/HA7I7F 7FiAE F17] @Al
HAste] Eg-E-sd Alzdlo] £ - 338, gty og Wiy oY
E4do] o]F, AAHATH

4.2.1 A71E 38 (electrolysis)

23td EY Wl A5 Adstr ARAFE 7letd A= FHA Eol
o] &3tx o] H7|Ea whgo] dojuA dHrt ojwje] HIEE vEEAS the
7 2o B9 4bslE dF(anode)oll Al AHHT) T AFa7t=(02)E SAsHE v
H = (cathode)ol e A7I(OH)HY FA7FEH)E BT olw Hsfid
o] T3E A% FEFAY A7 JE W FFHME] pHe 208 = &
=78zl pHE 1201308 F7HETh

(%) 2H0 — 0y + 4H" + 4e”
'Q‘Ef) 4H.0 +4e — 2H, +40H

[‘E

Faraday =&l 9std A LS Fodt. d= =
FFoM e E9] Asle g 22 A7|EE MeEEE TG (Acar &
Alshawabkeh 1993).

o714 J= A7|E&] o 4tz 2 SAYE=MT ), I& HAF (A), 2= o]

29 A7, Fe= Faraday 296,485 C/mole)E olmjdlt), A 7] Ea)dk-g
o] 100% a&< 7IAa A=olA dojdtta 7FgstH lampd AR/FE =
oA 1/2F mole? &+ X}% 2% 1/F mole? ’\/\013 83 1/4F mole?]

ARE DA B 594 = 1/F mole® EEAE 1/F moled] F4F
slo] 23} 1/2F moled T4E AT A7IEdd-g9 FEe HsZ,
pH, T+ F499 g8 Jdo z9Hr)

G AAH A AM(acid front)S EUE 533t oz APHH
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m As 2 49y
LRSI

1.1 Ak 2 £47]7]

2 Aol ARg Aok ta Zot

Styrene(SUPELCO. 5000ppm) X +8&d, styrene(Junsei Extra Pure,
99.5%) 2344 (Junsei Extra Pure, 35%), methanol(J.T.Baker 99.8%),
sodium sulfate  anhydrous(NazSO4, YAKURI), fluorobenzene(SUPELCO.
2000ppm) = FHIEFAL Aol SF+(Milipore, 18MQ)2 AH&-3F3lTH

E9% T styreneE X387} Ysted GC(Gas Chromatograph)-FID(Flame
lonization Detector)#< Algstem, #47]7]= GC-FID(Varian, Model
CP-3800 GC)¢} Purge & Trap Concentrator(Model Tekmar 3000) = Ab
&3ttt

Autosamplers= Aqua Tek 70(Model Tekmar—-Dohrmann)<& A}&3+% 1L
carrier gast N2(99.999%)5 Al83}% Tl styrened A AL&st= x4 7]

=

T 779 methanol® AlHstn 7xste] ALgellnt. oL ¥l 717 =

L& Table 69 YERAATH

1.2 Al59 FAAE
10g9] ESS Ag@e] v, mpl2 ol Wi 40mL A@do]

&
10mLE 93 0.001g7HA] Aos] dr}, EGAFe FRS E¢kodzH
PP S Ak Zgdte] ARe] U@ FEL wARAT ololA AY

= =

12 & AR} v g0 @3 EYA
Al#(Relative Centrifugal Force, R.C.F.)o]

122 gh &, of 2me] A NS FHoto] A
AE710 B &4 A7HA 0~4T EaielA B ok

=

d
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1.3 £

HAAZA o EfE FASL ASAETFALZHNE AHEIA T
/min)dle] Table 73} o] B FxH o2 &lo] GC-FIDZE #4243t}

2 A7olM AR purge and trap¥t GC-FID= AHEd EdelA9
styrene  EAWHO  IFEL 96.14~116.37%°1H, AdEEHAAE
1.15~6.142 10%v| 5, HA=3AI= 0.6pg/LoltHLee, 2007).

< 40me

Table 7. GC-FID instrument conditions for styrene analysis

Item Condition
Varian GC-FID
Detector
(Model CP-3800 GOC)
19091N-233 Innowax column (J&W Scientific)
Column

Carrier gas
Purge gas flow
Styrene retention time
Injector temperature
Detector temperature
Initial temperature
Temperature rate

Final temperature

30mX*0.25mm [.D 0.25um film thickness
N2 (99.999%)

40md/min

29.767£0.06 min

250 C

250 T

35 C(20min)

8 C/min 140T

60 C/min 240C(10min)
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2. 4944

2.1 49A=

Ao AHgE P9 E=4L2 styreneo| T

Styrene< =9 3t &3 =7} 2.88mM(300mg/L at 20C)= =°l A9 =
A BE AEe A 5,000mg/L Styrene EF8& N5 50ue/L, 1008
/L, 200ug/L, 400pg/L, 800ug/L. &% 3|A 35t HAAHXLS 244513}

Styrene®] F+Z+& Fig. 3 o YEMATH EGAIEZE 44 ETolA A

A% EFS AgRgEd UL FAH7] Astel AW T ARE 24
& F, No. 3590 A1 F2E 500m olshel AR AHEFA Aol Al
49 FEra 35%89S 3.5 L 1.0%9) FER 84 5ke] ALt

[¢]
Styrenel.2 E¢S AYHoz 9_?31\]7]7] 98+ styrene NS EoFy}
Jeie) 3% A UANNL EF 94 B

ojo
B
i
)
52
=
HT
o
=
Lo
okl o
M
2
rhN
=
ol
e
g8
Q
)
@
=
@
it
é

2.2 APFA
TA7E EYAGAA = /S, AF, ALFAZ _FA8Sh(Fig. 4). wF
7= 7R, AlE 4cem, 4ol 30me] AApAE o2 H-37] Yo A9 styrene

7=

o gA ol@ A Az AMN okzd AL AL,
2.5mA, 10mA(0.16, 0.63mA/ai®] AHdF zzstoA 2dstlon, w37
FEAE AFo] 80ard] HFxE FFAsIAL FdT 2 FET 5 A
ot & ME Y aga 7o BES fe BEYS AAEgl A3
4o T FF®A(anode tank)o] WA & IAIA FASHI] A
of HZ(COLE-PARMER System model No. 7553-85, Replacement Motor

No. 7553-14)E AM&slo] 2 F3(0.9mL/min)o] 35 =S 3T
LAEY A BT AAMGE Fd7] A Z2Hsta AR FEO AFE Y
of A& A5t o]Z2HEH Yol FFHESF T AT AFE W9
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Fig. 4. Schematic diagram of electrokinetic remediation test cell.
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Absorption Spectrophotometry Varian 220FS)E B39 EQF o=
29,503mg/kg Fol EAsIoH, F7HA0 H Fuje] FY Jlolk T2 3
T ARSI EYY 27|EFE&S 30~40%°l9, pH
6.0~6.5 ot TA Fol= ws7] ol ddwstel A7 FREel SAHE
At FAH FTHE T EY Yol styrene FEE 45T

Table 82 7t Aqo A& += 34 HFES YERW L k. 2.5mA9 A
ol 1.0% #itshaa o AF7F 10mA
2 FolAAY, Higarae 57 0~3.5%2 4T wWo] EY YA 4
oju= AR H Ade] Wt AAGES vusioltt. =& 7 r)gte] St
o] mwel S PAES] AVINFFF B AAEEY W FES AT HE YT

mlm
>
>
OIfo
2
o)
X
o
\]
il
~
re
>,
jrie)
o
fu
[e;
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Table 8. Experimental conditions for electrokinetic remediation

Exp. Current (mA) H202 (%) Period (day)
1 2.5 = 14
2 By 1.0 14
3 10 1.0 14
4 10 5.3 14
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Table 9+ A3

= Zyzye] A zxAE S=(input bath)®} &=
(output bath)] =% 3%k

[e]
AL A
UEl 931, Fig. 59 <53 E =243 89t}

Table 9. Temperature changes in electrokinetic remediation test cell

1 2 3 4
Exp.
day input output input output input output input output
(T)

0 21.7 21.7 22.5 22.5 22.5 22.5 23.5 23.5
1 27.0 24.5 27.5 24.5 29.5 25.7 31.0 25.5
2 26.5 24.0 26.0 23.5 30.0 26.1 31.5 26.5
3 25.5 23.5 25.5 23.0 30.0 26.3 32.2 27.5
4 26.9 23.2 25.0 22.5 31.5 26.5 32.5 27.5
5 27.0 24.5 27.0 24.5 31.2 26.0 32.2 27.0
6 26.6 24.5 27.5 24.0 31.0 26.5 31.8 27.5
7 27.0 23:5 27.5 23.5 31.5 26.0 32.2 27.2
8 27.5 24.0 27.0 23.5 31.2 25.0 32.5 27.0
9 27.2 24.3 27.3 24.0 30.9 26.0 32.0 26.8
10 26.9 24.5 27.5 24.5 31.2 26.5 31.9 27.2
11 27.0 24.0 27.3 23.5 31.5 26.2 32.2 27.5
12 27.2 23.8 27.0 24.0 31.5 26.2 32.5 27.5
13 27.5 24.0 27.5 24.5 31.5 26.2 32.5 27.5
14 27.5 24.5 27.5 24.5 31.5 26.5 32.5 27.5
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Fig. 5. Temperature changes in electrokinetic remediation test cell.
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T oAM= 31.0~32.5T, &=ollA = 25.5~27.5C= YERIT

Aalz G539 &3 2% Aole APAF 19 o|FFEH: Exp. 19 3
9 2.0~3.7ColaL, Exp. 29 A9 2.5~4.0CE JelwtoH, Exp. 39 A$
ol 3.7~6.2TC=Z YEelston, Exp 49 %ol 4.3~5.5CE UERTH

AR717HEd 2] Wgle] A 19 Fo TUiste] 1 o] F = njwy o
4 Zhe YR 19 o) Fed 54 d5xe] 22Tt AV FFL
2 Q& A3k Aot

1.2 pH

Table 102 Ad@7|zr &<t 2H2be] A=z
(output bath)9] pH #& YEFAS

A9 Az A5 SAHE pHe A¢ AL E F
SFolA pH #ol 5.0~5.57H4 A& YER A, F
A= pH kel 7.002 $48 Y] kst ie] s I3 = 9l
th dalzel pHE AY Al 19 FHEH Exp. 19 4% FFdAE
5.0~5.5, 54 € 13.0~134= YERIL, Exp. 29 A-foe 504
5008 A3A7IkEr A A FAENL, 54+ 13.0~13.42 YES
i, Exp. 39 AF FFoA e 5.0~55 SFAE 13.0~134% YEE,
Exp. 49 A% FFolxe 5.022 2d7]7He 44 A FAEAL, &5
A= 13.0~13.42 etk

@)
o
T

!

5

S

=

=1

o

Q)

=

2

o

o

o}l

49 A 19 elFRE e pl e B I3 234 547 gl
o9 pHel Wb wASE AL L F Aok ol WA FFoIME
drol o] MAFT ST M abjel ol B E AR @go] U4
A FAHD Fholee SF BoT I oL FT HOE o FH:
77 A4 497108 AHo doldhs A Uehha Uitk

Fig. 601 @x7ol W pH Make =23 sholnt
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Table 10. pH changes in electrokinetic remediation test cell

Exp. 1 2 3 4
4 input output input output input output input output
~ (T)
0 7.0 7.0 5.5 5.5 5.5 5.5 5.0 5.0
1 5.5 13.0 5.0 13.0 5.5 13.0 5.0 13.0
2 5.5 13.0 5.0 13.0 5.5 13.0 5.0 13.0
3 5.5 13.0 5.0 13.0 5.5 13.0 5.0 13.0
4 5.5 13.2 5.0 13.2 5.5 13.2 5.0 13.2
5 5.5 13.2 5.0 13.2 5.5 13.2 5.0 13.2
6 5.5 ¥3.9 5.0 13.2 5.2 13.2 5.0 13.2
7 5.5 13.2 5.0 13.2 5.2 13.2 5.0 13.2
8 5.5 13.2 5.0 13.2 5% 13.2 5.0 13.4
9 5.9 13.2 5.0 13.2 5.2 13.4 5.0 13.4
10 5.5 13.2 5.0 13.4 5.0 13.4 5.0 13.4
11 5.2 13.4 5.0 13.4 5.0 13.4 5.0 13.4
12 5.2 13.4 5.0 18.4 5.0 13.4 5.0 13.4
13 5.2 13.4 5.0 13.4 5.0 13.4 5.0 13.4
14 5.0 13.4 5.0 13.4 5.0 13.4 5.0 13.4
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Fig. 6. pH changes in electrokinetic remediation test cell.
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Table 11. Electrical potential conditions(V) changes in electrokinetic
remediation test cell

day e 1 2 3 4
1 3 5 70 52
2 7 6 89 51
3 8 6 100 69
4 10 7 95 82
5 11 % 108 85
6 12 6 114 87
7 12 7 120 78
8 11 6 125 83
9 12 6 128 80
10 13 7 130 79
11 12 7 140 77
12 13 8 149 82
13 13 7 159 85
14 12 3 150 83
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Fig. 7. Electrical potential conditions(V) changes in electrokinetic
remediation test cell.
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2 W37 gl 14¥0l= 25 #2359t Exp. 49 A%l 51~87VE
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$h) = (AF<RATON7] o] AAHom Aol ARl vashs A3}
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3. AFws
Table 12& Z}7te] Adx79] A7 &< A/RHEIFmAE e AT
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Exp. 19 A% A7 A5 AFo] AP+ 1493 2.3~3.0mAZE YERL
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Table 12. Current conditions(mA) changes in electrokinetic
remediation test cell

Exp.
day 1 2 3 4
1 2.5 2.5 10.1 10.1
2 2.4 2.3 11.1 11.6
3 2.3 2.5 10.7 10.3
4 2.5 2.8 10.6 10.1
5 2.8 3.1 11.3 10.6
6 3.1 3.0 111 11.6
7 3.0 2.9 11.4 11.8
8 2.9 3.0 11.7 12.1
9 3.0 3.1 12.0 12.1
10 3.1 3.0 12.0 12.3
11 3.0 3.1 11.8 11.9
12 3.1 3.1 12.3 11.8
13 3.1 3.0 12.4 12.2
14 3.2 2.9 12.7 11.9
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Fig. 8. Current conditions(mA) changes in electrokinetic remediation

test cell.
4. AEFF
Table 132 2377 9 4o Az A7|NFFFS ey,
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Fig. 9. Accumulated electroosmotic flow rate.
Table 13. Accumulated electroosmotic flow rate
Exp. 1 2 3 4
il (mL)
1 25 35 181 249
2 40 59 276 381
3 56 88 373 498
4 70 117 465 610
5 85 153 555 720
6 101 185 632 817
7 121 222 707 912
8 143 264 779 1004
9 169 303 849 1094
10 194 353 915 1180
11 222 412 982 1267
12 251 483 1049 1354
13 286 536 1113 1438
14 320 591 1175 1520
Yang(2004)°] AFollA AF/F7F 10mAY ¢ A/7F bmAY AHT =
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5. Styrene AA&EE

Styrene?] E% W AAEEE Table 149} Fig. 100] v]msle] e
ok Exp. 19 Afoles 37.2%9 AALES X3, Exp. 25 53.2% Exp.
32 72.1% Exp. 4= 87.4% ¢ AAEZLEL BHAh

A7 Jibgrs w27 S7HETE AAE &Sl oA e e & 9,
Aagol Hirae] FE¢ v, AR AZISE HEsteE A

PN
& 4 9

Table 1591 ZtZte] Adx7d meE A7 5 Tjr AALES FEAS
Aok s gA ) FEvH RS 2719 AFfrEel 2 W AAEE
T3 A FEEJG ol AVAFEFE] =5 styreneol F4ksl 2
23 HED 7)37F obdA o BL 4] A= E3E] st

WAt A o] FEE 2 e Exp. BPJr Exp. 4 st ks rA T

£ 3.58 St AIAS A AARES 129 F

2

=
Rl AE

Table 14. Residual styrene concentrations in soil

B initial end removal efficiency
XP.
(mg/kg) (mg/kg) (%)
1 10720.2 6730.6 37.2
2 10720.2 5013.6 53.2
3 10380.1 2892.7 72.1
4 10380.1 1304.5 87.4
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Fig. 10. Residual styrene concentrations in soil.

ol it ERY AdE T4 goZde #e X daod 48 2
tZo] QPEY HEFsHA XKatal adl2 £AEEFHA7] wZolth mep =&
Fm9| Faks N L
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AF9 A7IE &2 3 Exp. 29 Exp. 39 wvlus] £ u 14Q47+o
T Fob AF9 A7)17F 2.5mA<Sl Exp. 2+ 10mA<Ql Exp. 39 Hl&] W& A
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Table 15. Removal efficiency of styrene in soil
B Current H20, Period Total Removal
XP.
P (mA) %) (day) (mL) eff. (%)
1 2.5 - 14 320 37.2
2 2.5 1.0 14 591 53.2
3 10 1.0 14 1175 72.1
4 10 3.5 14 1520 87.4
A dE AMEEHA] G Sd7] FANORE EYoAEAS AT FL o



=

g olg A ojggol

s
9

= A=

ofo

)
ﬂl
A

g 2ol & ARkl &g

-
T

gl

12 A A 2

o o
-

o

o

Lojiha,

517}

=]
T

bl e el

)

)l
W

ATFol Ao} o] styrenelZE QL

e

of

W

wolth Eg RA0] ALES AHEEEA

)

TR

_36_



V.32 &

B AFoE styrenelZ 2d9H E AZE 93

d pH, Adx9] 2%, ALAA A} AF, A7AF%, AAES
[e]

=

3 ge AnE Y

T A

oM e 22.5~275 TR YER
[e)

o FHE = AA Hdx

2+ 1
.O~6 2 °Ci Uelykth A9 7] 7HEcr 25 WElo] AL
|k

A9 A% 1Y F3Y 2920y ol AW BE 2
C

2. Asjz pHe A4 Al# 19 FHYH Es AdxdolA d=elXs
5.0~5.5, 5°lA4E 13.0~13.42 vet dd717E <t A5xelA A7
a7k & Iy = As HEhA A

3. 10mA9] AR = A= 2.5mAe AF
UrEM&’iOU%, %% AFe Z2AoA = FHakst

-l> PN
k
1o,
off

4. ANAAERFE HaAsrs w27 1.0%0 2L 234 2.5mA°] A
F 2AAET 10mASl HF ZdolA &AL vepsten, AF7E 40 71
e W A7IAERES ok 2071 Srkelelan, 10mAS] 22 AF =3l
A Fbskea BT 1L.0%1A 3.5%% 3.59 SUbetale o AUdE %

o

2.5 mA«] Z7Ao A styrene?]
F AAEES 37.2%03, & AF[F A 1.0% Hikskra
AM&3 7 styrene®] AARELS 53.2%% T} EE',} 10mA9] AF =4
oflA 1.0% Hitstri oA AALES 72.1%% 1L, 3.5% HAiksts
T AAEEL 87.4%= YER} 12019 =2 A ]ﬂﬁé# ‘JrE]rlﬂ
=

_37_



& B 92 A7

styrene

st
°l

TR
jan
i

%

+

B

f
o

ol

solvta A=
&

57}

|=]
T

T o
o )
o o

oo

T

_38_



235G

Acar Y.B., Alshawabkeh A.N., 1993, "Principles of electrokinetic
remediation", Environ. Sci. Technol., 27(13), pp.2638-2647.

Acar Y.B., Alshawabkeh A,N,, 1997, Hazard J., Mater., 55, 322.

Brett C.M.A., Brett A.M.O,, 1993, Electrochemistry: principles, methods,
and application, Oxford University Press, USA.

Dercova K., Vrana B., Tandlich R., Subbova L., 1999, Chemosphere 39,
2621.

Grasso D., Subramaniam K., Pignatello J.J., Yang Y., Ratte D., 2001,
Colloids Surf. A Physicochem. Eng. Asp. 194 65.

International Agency for Research on Cabcer. Some monomers, plastics
and synthetic elastomers, and acrolein. Lyon,
1979:231-274(IARC Monographs on the Evaluation of  the

Carcinogenic Risk of Chemicals to Humans, Volumn 19).
Kawahara F.K., Davila B.S., 1995, Chemosphere.-31, 4131.

Keuzenkamp K.W., Roels J.M. and Hoppener C., 1993, Assessment of soil
Contamination: General criteria and site specific modifications. In:
Contaminated  Soil '93.  Fourth Int. TNO/KfK Conference on
Contaminated Soil, F. Arendt, G.J. Annokkee, R. Bosman and W.J.

van den Brink(eds). Kluwer Academic Publishers.

Kim S.J., Park Y.J., Lee Y.J., Lee J.Y., Yang J.W., Hazard J., 2004,

Mater. in press.
Li J.L., Chen B.H., 2002, Chem. Eng. Sci. 57, 2825.

_39_



Li Z., Yu JW., 1997, Neretnieks I, J. Environ. Sci. Health, Park A 32,
1293.

Mitchell J. K., 1993, Fundamentals of soil behavior, Second Edition,
John Wiley & Sons, pp.437.

Pamukcu S., Weeks A., Wittle J.K., Hazard J., 1997, Mater. 55, 305.

Lageman R., Robert L., Clarke W.P., 2005, Electro-reclamation, a
versatile soil remediation solution, Elsevier, Engineering Geology 77,
191-201.

Saichek R.E., Reddy K:R., 2003a, Chemosphere 51 273.

Saichek R.E., Reddy K.R., 2003b, Environ. Technol. 24, 503.

Teel A.L., Warberg C.R., Atkinson D.A. and Watts R.J., 2001,
"Comparison of mine-ral and soluble iron Fenton's catalysts for the
treatment of richloroethylene", War. Res., 35(4), pp. 977-984.

US EPA, 1985, "Handbook : Remedial action at waste ‘disposal sites",
EPA-625-6-85-006, pp.1.1~11.32,

Van Apeldoorn M.E., 1985, Intergrated criteria document
styrene-effects. Project No0.668310. Bilthoven, Netheland, National

Institute of Public Health and environmental Protection.

Ware GW, ed. USEPA Office or Drinking Water health advises. Review
of environmental contamination and toxicology ,1988,
107:131-145

Watts R.J. and Dilly S.E., 1996, "Evaluation of iron catalysts for the

_40_



Fenton-like remediation of diesel-contaminated soils", J. of
Hazardous Materials, 51, pp.209-224.

World Health Organization, Styrene. Geneva, 1983(Environmental Health

Criteria).

World Health Organization, Styrene. Geneva, 1996(Environmental Health

Criteria).

Yang G.C.C. and Long Y.W., 1999, "Removal and degradation of phenol
in a saturate-d flow by in-suit electrokinetic remediation and
Fenton-like process", J. of Ha-zardous Materials, B69, pp. 259-271.

Yang, G.C.C. and Liu, C.Y., 2001, "Remediation of TCE contaminated

soils by in-situ EK-Fenton process", J. of Hazardous Materials, B85,
pp.317-331.

Yang J.W., Cho H.J., Choi G.Y., Lee S.H., 2001, Environ. Monit. Assess.
70, 201.

4 , 2004, “FAZI-NHETAH L o] 83
Phenanthrene @ 9= %2 Xéz}”, 6&%%18}4 FRste A Vol

, o1&, AlE, LA B Aske AR )Ee] #% A7, d=dA

71EdT49Y, 1995.

_41_



S73%, 2006, FHBATSY, T 2L T B AR 547

_42_



	Ⅰ .서론
	Ⅱ .문헌연구
	1 .Styrene의 개요
	1.1 일반성상
	1.2 물리화학적 특성
	1.3 토양 및 수질기준

	2 .토양의 정의
	3 .토양오염
	3.1 토양오염의 정의
	3.2 토양오염물질
	3.3 국내ㆍ외 토양오염

	4 .동전기 정화기술의 이해
	4.1 토양 내 동전기 현상
	4.1.1 전기삼투(electroosmosis)
	4.1.2 전기영동(electrophoresis)
	4.1.3 전기이동(electromigration)

	4.2 동전기 정화작용
	4.2.1 전기분해(electrolysis)
	4.2.2 오염물질의 이동



	Ⅲ .재료 및 방법
	1 .분석방법
	1.1 시약 및 분석기기
	1.2 시료의 전처리
	1.3 분석방법

	2 .실험방법
	2.1 실험재료
	2.2 실험장치
	2.3 실험조건


	Ⅳ .결과 및 고찰
	1 .온도와 pH
	1.1 온도
	1.2 pH

	2 .전압경사
	3 .전류변화
	4 .삼투유량
	5 .Styrene 제거효율

	Ⅴ .결론
	참고 문헌

