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A Basic Study on the Remediation of Railroad
Oil-contamination Soil
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ABSTRACT
Fundamental data was obtained to apply to the real contaminated soil of railroad by analyzing
pollutant-elimination efficiency and process variables through electro-kinetic technology as well as
by investigating Pollution sources of railroad scil contaminated by oil and pollution propensities.
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R RAME 20024 AFHoR AAE 2409004 BAE 72002749 EUdedAHe] e
Aoz FAFD o EF, 7Y F35 A% EY € Ay 2P0 Agtes F43 gFy
o we} EJHAYAL $H3ly] 98 20033 2006 74 AR 789742 EFL AR Fol
e AURALE AAE Afelt AEREAE 1LI6AMeE A FEHRAY ¢ 012%E ARz, E
FER3LL AT 1274, A9Y TAEE EFAA =LA dE 2EXege #gsn Yk
BAR EYEAY 29473494 BELAE Cd, Cuy, Pb 2957 & EXL&A ] v#] A e
% Eg AF3Y EYLeds WA3SA(1998~20004 )N FEgAe Cd LYEE vid E7h% A
o2 BAH,

A: AYF 9 EGed EANEe We Ao A Y] Wit ESLEE doto] oy,
EY 944 B Ao @2 ool dd ¥R AR AGFN EY 29 Aun BYs
AT AdE AP Qo A 2 dUAT 2dEE Y o 2GEY FAE HAse Hds
AAtst vl go] Bo] A8 ° Rog g}, .

2949 EYTY Ai4E BAdse vty e EY3S7] 34 4(soil vapor extraction,
SVE)# 371844 (air sparging, AS)E & & floH, olE 71€E2 44 249 EX3 43T
S U2 3718 ZA FUe9 H24Yo B¢ LH4EAE 539 Nste dEHA Bdrle
olth, AW o]F Z|EEL U MY, & AL, settFe] FYUoz ojxede /%4, E
A d2 53 2 @S XA glon Bong dA dF EF HLd glolAM ¥ 49
AR E 7 B4 Hdov ALt oAV 2 580 F43] #Zadses e 1Az o
o} mel olgt 7e VB EYree @3 e FEIm, @YY 299 ERH Xi5E B9
T de 71€9 Aol "HAsith
» FFTAE/EATY HYdT Y, Y
o FIACI)|EATY AT, oY
e @RI E Y, B, WYY
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@A olo] i itz AEFA EYF WYlME FI5e 3FE F239 LHE B H/AY
g FAANY F AE A7 7]1&(electro-kinetic technology : EK)e] |7 2 it} o] 7l
EAH) B3G9 EAE WEHA ¥on, 71& AAY 23] @y A 3 AFEt 7t
T AL A dth B A74ME AE EY 299 @ 29548 A EAgen =Y,
FAN-9E T dF 4YE B39 A FFLUEYY 2A AYUEEE A A EY
2¥9dAZd HE ted S st g

2. 3z E¥29 54

AE B¢ LEGAGE A 5% A FEAYG 4 FH(heavy oi)o] o7 2 gAqez Ys F
Atk 2 F Ff/ AM FRAME 48 FY A 4/ T/ AN 2490 APHY T2 AR
AEA FF o] dARE ol AHEEE RelAM wART ddMe 7@ FU% AR A 2
29 £8F % 22 FHY HH9 v daA A2 FAXA] LHHH o AHL AR
g 2¥AY BT Ho] A AU} v feo] Asdh <EI> F=XF FYoA TAHE
FeAs71ES FHE YRS

AZ A ARdFA Y F2 EFed TALL 953 Zo] 44 + AUTh

O 71#Ae A& F FHA Fiol A 2F
g AL AR A Gf R R A dEFExdy 29
A2 BAE(EZ7] )9 48T ATE A3 A3 870 9@ 29
A5 AN GxE HAS 227 248D 72 9% 29
FRAAL uBo2RE w2 AT 24
Az Y3t Yo vtEdd o4 TS 4R LA AF o F

O 000 Oo

<E 1 BEAF A A 2AGe F3 Hr1E>

Degreasers, engine Ignitable wastes, spent solvents,

Oil and Grease cleaners, aerosol, solvents, |combustible solids, waste

Removal acids/alkalis acid/alkaline solutions, used oil
Car and Degreasers, solvents, Ignitable wastes, spent solvents,
Equipment acids/alkalis, cleaning combustible solids, waste
Cleaning fluids acid/alkaline solutions, rags
Rust Removal Strong acids, strong alkalis| Waste acids, waste alkalies

Spent solvents, Ignitable wastes,
ignitable paint waste, paint
waste with heavy metals, rags

Paint thinners, enamel

Paint Preparation reducers, white spirits

Ignitable paint wastes, spent
solvents, paint waste with
heavy metals, Ignitable wastes,
rags

Ignitable paint wastes, heavy
metal paint wastes, spent

Enamels, lacquers,
Painting epoxides, alkyds, acryliscs,
primers

Spray Booth,

Spray Guns, and Paint thinners, enamel

reducers, white spirits

Brush Cleaning solvent
Solvents, paint thinners, Ignitable paint wastes, heavy
Paint removal enamel reducers, white metal paint wastes, spent
spirits solvent, rags

*Source: U.S. EPA Office of Solid Waste, 1993.
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3. ¥471-499 49
31 o183 W7

A7 7lEs AE TAFNY A¥E EF o2 HAgFLY @5 TFE JHsEA dFn
Ferrous iron(Fe?)3 81444 (H009 £0)ugS Ssled ¢4% £33 dgge e A3y
< 7HEZ A9 100 %l 7H7hE ®e& &9 FUIATE AAE 7Y F A& V€2 RFHR
Aot

FA7-4d FAL UIFAER B olisied: Yo FHAEL] AL A & UAve FHo
A 71€d 29X Jlgd v &F3%He T & £ en, $43 e FYY A
o FA719 o153 A dste] vmA F2 A% Wl AP ¢ de FAHY FAHolH & +
Aok, ER in-situ FRLEN FF LEE % FIEY FAAAY SMEEE U1y ex-sitwlE€E
Eo 3ol W3a v SR AAY F QAo
WY Aste] BgH S of e} At

Fe® + H:0;, — Fe* + OH™ +- OH
Fe* + H:0; — Fe?* + HO;+ + H'
-OH + Fe* —» OH + Fe*

Fe¥’ + HO; - — Fe* + HOy

Fe* + HOz - — Fe* + O + H'

32 Addy
321 484 #r9 wer] 73

=471 w87 e AE 4dem, 2ol 0cne] dEVLT whgr] Y {8 A= AFHJx 5~
10 mA (04~ 08 mA/cmd)e FAF AN APsHes, 7] FBole 75 miy AFZE ¥
#3192 Fd5 2 FEFY 75 A8 YBE AAHALH AF ArIEH oA 44D
29 ¥&e 93 B Axsgrt. AMA L ¥F A Z(Anode Reservoir, AR)| FFFHHed &
ze 98 YASA FRAE] A F4 F& s FAld HAFES

AZe Edng ojfagen A3 A= 08 cm ABEL 8 cpeln Qo= AR YFPoR
A 3 mmz AT B9 §5& HA g4 gt EY A89 FEs £48 ddBd
EaEA g5 8452 @ o (Whatman ADE FoAA ¥ FF9 EY AR ddz=2 JE
A fd"E Re AP AL JF ALFFAAE ALY =, A 200V AYE A
A8 £ A

0, gas venting H, gas venting
———

Voltagemeter

Power supply

Anode(+) Cathode(-)

<ag 1> 4EAH 7R g EAx
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322 LEEY AAF

E¢ A8Z2 < kaoliniteE AMEEAI FUHLS FA87] Y8t Azxz oM AZRARY ANEE B
#3t] No. 1002 sieveE F#3 150 um oldte YATHE Agsdct. edujde AEa 59
(clay)g& A3 V1B $8FE 29d EYS ESGTITS 2240AAM AVA5580 A3
FAE TANRG. FHAEY PAHS(R RS &3l+2)8. 29 29832 Asad.

Phenanthrene- 2 § E 4& phenanthrene-o} M€ &94& E¥3 8T F oMHNES FLAAT
AR g AAGTE HA7) d EFFE F0HR) @7 F3o] EAME phenanthrene
€ OF B2 AF - AAF Holl AXAHA Fv &%

Wgrlol FAHE EdY 27 L95EE 600~700 mglke NZEY 02 &1 Ay Z9&
GG Wzt M| AEFE AT AY 28 Foe dANAL EYAEE Ty
Al ¥, E%el dolglE phenanthrened ¥ 58 £484ch 9 /Mo Age] 4859 A W4
2L <FE 2>9 29k

2
e
o i

<¥ 2> F37-4d ¥R dgzd

= AF 713 AF 2@
A H L2 ) L
dgds (mA) HFEE O] (e ()

1 1

2 5 35 2 qe
3 3

4 1

5 2 .
6 10 35 3 S
7 4

8 10 10 2 de
9 10 35 4 1

10 |

4. 4847 2 13
41 7183 £8F9 FE 49

dafol] AMEHE &8F(grease)d] Uit AE 43} Wigo AP S Adsls) 9 A2y AP
ANGRAL. LFuid e FHFY vodRY F A A3ee) EY AR ojfdlgen Ld9s5FEL
242t 66.7 g/l 2B 400 gkeoltt. FHT AYoME A 9 Fo) 60 mi7t HES H) 35
% FBP2Fd FHFFE HAMEIY 2RHAQY e 28 FAEA EFE oL AA E

*& 60 mi7l I & HAseAE HoMs gk

Astee wjgFel ferrous irond FYU3Y AP en #azEude] ZEAHY NS
8] magnetic stirrer& ©]§3te TWEPT. BE A B @ wzix g Iysoed
WMEAIZES BE 30 2 ol '

F759 A$ 175 % 9 F+E HAPE Q= 70% o AFE v £ A3 AALE
Ao velgoy 35 %9 Azl W dx 15 ¥ Frtstod 85 %7t AAHAG. o olfe
2 AgzAdae #itstsad o8 4AE FAFdedan S5 H2uxd UHe o o)y
Z7tetx & Ao AZdd. "W HFE ALy Eet HIAANDE 2ATGoEA AR A
&S FANE  Uvx Aggd :

2grge Ao 175 %olde 7t ity FHFEGYG FE i LS Jehldd.
AL FEHY L FA 8 R M2 4r]A Hoz v E adsgoy dgd =29 &
gfo Ao ZHLAHED BH F87] dEojgtn AP o AFEAFAE Fild 879
Ay Ao e 4ot EUd HEWEe WAool i g ANYARYE ¢ F UUTh

=2
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<E 3> 9" 43

W3g B Jlua 849 A4 HPdd 29

BAGEA BE AAE (%)
(%) =8 A Sea sand
e (30750 mesh)
58 175 -
117 50 -
175 70 475
35 85 55

42, At 2He s

ZAV -9 Y B¢ AT AFUSE <aF 2> <29 3I>o) JEMAT. 5 mAe AFE
FF34 < 9 EPGe AR 0 V/em)oll E31A] ebgko 10 mAY dE 49 oo =93t &
A& JelWt. #AIX =€) Ao EPGE v 23H 10 mAdA 9 EPGE 5 mAS AxT 2 )
FAR Yt Rz YEdon oRE AL AFe Moo wdHsie BAZRE EFAGYo
A% 24 AL uidd 4 A olFole 27] AFel 10 mAQ) v&r19 A $ EPG/E ¢
A fFAHA=H o) ff AFe AAHe2 7Z2dY ol@NE FYT ALE FAGHAL
AR EPGER 28U O Asdte deel Al AFdde EGd EAste Fe oL
o o3 B¢t HAZARETF A2dTrt Azte] AYd FFIE olo] Zk MM HE&H E
%9 AZIFEE} ZA2FHEE Hdel A F71EA @ RoZ Bojr ‘

<33 3>#H Zol 5 mA AP E 271 AFA AET T FAHAALY 10 mA AYPAAME
Ato] FAAA %17 dEC AF/ 2717%ANA AAME A= F3E dehdiA dh 5 mAddA
A Hu £ 8o)288 k9/0.360 kg soil 11 AH|AHE 2 Whkgog AAEAL. ols) 7o
EJGAYE A o2 39 FHALHPE H& de Aviiuist Bolng awg FAHY AA
Aol "ojxlA Pk wekA] AV AFFL o= AE FANAME A "AFIL A /FAANE F
AEE FY AHAE AHEsld AYanE Agste WHo] A= ool doth

=
=3
=4
-+
3

12
8- Ep.m.1
— ~Q- Exp.n0.2
€ 10 4 12 -y~ Ep.ro.3
g sy Exp.00.4
b2 - Exp.10.§
' S8
. - <Exp.no.
i 2B vrvrrry N Tz
i Exp. 0.
g [ 8 ha - Bxp.no.1 g ”
. Q- Exp.00.2 8 ah
AR,
L T e satassten
& Ep.no.§ ok
§ -_2 Ep.no.6 [ FoOtee e
& - Ex.00.7
o2 -0 Ex.no.8 *errrvreY
-l EXp.00.9
o 0
M H M PA o » M Py [] ‘. ] 12 18 2 o »
o tme (days) Operation ime (days)

<adg 2> FA7]-9d 4839 A&
E#ste EPGY W3t

<2dg 3> FA7-4" 4¥Fe Awas

43. Phenanthrened] MA & &

B dFATFANA Ho L <HE 4> o] 805 %= ey a3y Ege Y4A=277t 150
um 018 AL AT HFEo olRT FLAol e EFd dHME 90 % o) AALES
71908 4 ez A2dY. Arto) Fokgd we AAEZLELS FUMEAeY AFuEE T
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FS HFE ¥ o] ojd &F REY LHEE AAY F UATh o2 HE FAsFA: L $£45 7
oz we e 18y AT Y oFENE Apstn AAREE TN -?h’} [ M
o] & & 3o
<E 4> FA7-9Y d¥9 2HEY X2 dH
Auwz AR (AFs= | 38| FH7 | Total EOF | AMARZE
(mA) (%) (3) (week) (mi) (%)
1 1 495 15.1
2 5 35 Ry 2 811 299
3 3 1262 322
4 1 1033 21.8
5 10 35 Qe 2 1582 40.6
6 3 2115 55.9
7 4 2354 61.4
8 10 10 A 2 1348 51.2
9 10 35 13 4 2405 80.5

<aY 4(a), (b)>=} Ze] 5 mASt 10 mAA 4 TP} Aol wehM AARE] Fo}
A AL & 7 AMen AR 224 E A/IMFEE] oA EBR HUgFae oF&ER 2
of WA ®rt. metA 5 mAdME FIRE] A AASHA Fkey 10 mA B¢ SIHE
JdE o= A= AAE UEE AL & F ARG AHXAH2E FHAE] 2, 39 FoIAZ AN
o AARE] WHEy FolAE AL oMHER FAHFaY FEAAFA vE =HIFS A
AL T3 2L FHH A A ] RS oo} g

<2E 4cy>elME FdstrasE 359% 10 BE AS F49 2F 499 AHE vudyed &
AtolE BolAl Wskth(Exp. no. 5 8). ol AF#E Tl 2FGE ZE& WM FAF B&Es
Agearrt HE AF A5 = F7he 20A AALEY 92 vAA v AL L £ 3
ik dRHon o FYAANE FTAVL T vpHFLEN B WS HHR AHse Ro|
el Hd wgoz Agdrt

FinstAnitial conc, ratio of phen,

E X (R} ° 0 06 01 02 3 0.4 0s o8 0.7 o8 [£] 1.0
Normalized distance from anode Normalized distance frem anode

(a) Experimental No. 1-3 (a) Experimental No. 4-8
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Normalized distance from anode

(c) Experimental No. 5, 7, 8, 9
<2y 37> FA7-9% TAHY CH9EY HNydw

5.2 &

2 ATNAME AR FEYY 299 R LES4E ZAV/EA sien, Axed EYE 54
7] 3t FAVNE o] 8F FTAU-9W V&S A¥dd FUr1ed 21YA, 29€2 AREH
FE gdst] A= g EF HE754E Frstn. AT72IAE K43 &3 2o

- AFEE AdAAAN F2 EF2E99e 78X dufd FHA Gid A% 29, 7R
AL A2 A G 2 TRl A8 F2 FuAge o, A2 FEEY] 48 AELE A8 S
e &8ROl AT 249, AT 2A A HAH HYE 22X Ld4ED f2o AT 24, FRHA
A ugo2yy o A48 oF, IFX I Yo o T FTTEH AAY wA) ¥ 29
Fog o HU

-~ FA7-9Y 4¥dn LGB AAE Ard ALY 2EHA dHAHo) T2E Aoy, I
F2o FF AA ¥E, AR FAAL Tol 28R AR L YL AA viAE A
¢ F AAT EF, AIREL FTH SFHEANN 2LAE AALL] 423 FHHE A& &
AT

4 oo

O
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