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ABSTRACT

The remediation efficiency for a large scale petroleum-contaminated site was evaluated by using the Engineered Land-
farming system which was consists of the following parameters; moisture & nutrient injector data, blower system, HDPE
sheet and sump system. To enhance the degradation ability in the early stage, main nutrients such as nitrogen (N) and
phosphorus (P) were adjusted for the site condition. As a result of the periodic tilling process, the concentration of
contaminated soil was decreased to 348 mg/kg, which was lower than 500 mg/kg (regal standards) while satisfying
remediation Efficiency of 82% (the maximum concentration of 1,893 mg/kg). The appropriate temperature range for an
active operation was investigated between 28.9~35.6°C. For the contaminated soils having different initial concentration,
the TPH (Total Petroleum Hydrocarbons) concentration was decreased evenly along with the CFU (Colony Forming
Unit), moisture content and contaminant concentration after 38days of gratifying the legal standards of under 500 mg/kg.
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UTHEHHTE, 1999). AXFE THOE 3 Be /e
EGQaHAE 9% 2 HE 2 78S A, A3s
HX ES GRS AN BYS AAlsk ot $2vt
2= 1996 19 EYSERAYT 1 819 ¥ 58
5o EYLE FIAA, LHEE H 29Xy Y &
& AEHoR 7] IS YTHEVER, 2002). 53],
Ht S0] FRWNEIA] o]Ho] £43} HHA AlE E
FLAEZAAT FFAFAENAY FE L AR
STESIT B a5 o3t 2@o] A%t oz B
FEHEA B sl oigh Filo] SulEa k@A,
2005).

R FEAdN f72 0E8E EYS Asle
Asrled Bo9xo) ae} dd gl XN AH
RLAELS AMEshe A9 (in-sit) Mg, APde
2 Fol &7 299E Atk 29X (ex-sitw) A2
Hog FEEH, €9X] A7 W F dubdez di
A7 AsleRe LUES WA 371 ZA0A
LFEAY] HEE EE f=ste ESBEE(land
farming), A20A LUE-S EFOZRE Relshs AL
G2 (low thermal desorption), 7|A1E vlds}t A4S
o8-8t EA|A (soil washingpdH Fo] UchA8-2] 9,
2008). #1°] E91x] AslFH F EWIAHS LHES
< FAI WAE] ® A|EHo Zolsal ArFoR
FHR71(Tilling)dt] 2 -8 fAlek 3715 353
Fo2H EmAE 93 314 AR 3PE A
AFlE FHolthEHAIE €], 2004). B3t EYARES A
o] BE /Y ARF 298 dis HAMMAA olst
9] A ade} fe} 22 3rdo] A8t f59
AMFE S8 22 BEEA {R7IR 25 Bdo] 7}
S 7lEolH, A9} BUEAl VeHos HEE &
A& 7T JThEAZD 9], 2005).

EFAPH(EESE]) Aslasdd %S vXe A
E2Me 929 FEE, EPRS(H), EYFE, 571,
Falsol e HAEY ¢ 84 Fol Ark(Huese-
mann, 1994). LJE EoA EFNYPEEL 2954
o] EAsle Bl A&3l W= ShAlE, dlte] 7
T FEFEE, 2k 5o APoZ lste] AHAPIE)el]
X9] AESHY B3lle vl goksiAl FsET (Jorgensen
et al, 2000) WA EFEAEES o83 ARUGEY
A7l 57, FHsa, 72 % pHRE Fo| 3
HEA G vRE F23 248 T 5 Aok

B gl g 529 SRR s

FE L U I, S, w45 R W5
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2. AFLE o Y

2.1. ZEAA

B a7t 13E gpgR G WAl &A% iR &
FRAZA QAL AAF YR o3 LFHUeH,
EY732H(Landfarmingy3HO 2 HAAAES P3| ¢
3le] oF 15,230 m*(56,074 m*)e] QL HERS 43 =&
9 o]g . X8l FHRAHezo| QAER FU) G4t
S APl oAiE & JUTE ST EQEREY] &Y
wieEe Zagola HEFe] K2 o8k 22128 W
A5 93l wA=Eedgl Ade] A& vt 2
4 T AARIEen, 7] 295 A I
E|E2E) Fo| Bidshes Ui 25288 %
WHHIE XS] QEEYS Bt AFFoE B9
7FeEE si%th VOCsGT3R7183tE) wizks A
T Eate R P P Bt b i) g Sl E3 R L =Rl o s A
w7k Heduls SRE80] #31, AlLH 4o Hlw
2] golsl 7¥83 -7 (intermittent operation)l = Al
o} XPag At AY gle S9BERES A&t
of Qlelele A48 Siglth. ojeiet EGER Al AL
ke TR 2} |H): 12 m(W), Zol: 120 m(L), 12
I Eol4 smH-FEECNZE 22 Alke] AR FiE
& A8t

22 EEY
RPEY ZAAA] 1batch +HGF U LHAES] HX|4
28 AARS R 981 1 batchd 2713t

o I

309 A, 732H(Soil stack height)?] o= 70~
110 cm B, EXEEES] 2955 yheez AX3)
of Z}zhe] AR AZEZHS 980~1,300 m7}t HHY
HeE XSGk AR YRE vlE QEEYS ¥
g3} 21 T gy JgA] Aol ket 2719 AN
< AupAE 2 FA|2 Adsta AR ES s

Al o] Hulg A sl LHEY Bk Bt B
Al YE B fREE T G, Ak, RO B3

A7) S8l B9 AAS EFell 2-33] AAEA
H, LAATE FTFE vHE F 2AUAEE °F
g} o] Aol HA AREAS AAE F A=F 4

319 (Table 1).
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Table 1. Operation parameters

Parameter

Detect Method

Result

Mixing Rate/Frequency
Moisture Content
pH
Residence Time
Viable cell Count

Dry Oven
pH Meter

Incubator for Cell rasing

2~3time/week
Above 11% (weight)
6.0~8.0
About 30 day
Above 10" CFU/mL

C:N:P % C:N:P=100:10:1
Temperature - 10~45°C
% Soil Science Method and Applications.
E7RE 3 vRBEAA A9 @A [ x107CFU/ ) AIRE ZAske] EAslgler, wUEE 35E
mL P31 TAE FHZT 13) ol TEso =N f 1 batchd 745 wiok(16, 17, 14batch) 13]2] A&

FEe eSS AA 5 o] FAISHCFU, colony
forming unity® FAAIZCE oW HWE] o RFE
& B85 w7 S8 EYC pHE 6-8, EXFARA
o] B 10-45°CE T WIQIE EPO] SRS 5]
Aoz sl AEt waeh e 89 dldlN A

Ao SRFHo| ofFoAEE St

Ao} AZEEE BHIA. BA0F
e S ST TPHAERAFE), VOCse)

€ VOCs 8445 o8315th. TPHY] 7% 1batch?
BAE vt sEERILGE 18], 29HEF 4300 AB
£ A8 998 ARARE 13 AHA 4/
= AF e, HHEE 30m (HHoE 45EE 3 7}
TFHAM RS AEE AFHEE, VINE AFA E )
AR AEE Al EFANEE dEF 1) AEE
ZABl AT AHE AR Astas HUlE ¢
& TPHE "B ATHA A @735, 200600 =8}
o 4Rt

Wk ohe}t EFAE FAe-ge] a3k g A
T, BEY pH, EFEEE, B9 2aN), QP 2
YEE e o3 2ok WA E9hl AAN), 21(P),
n g TAge] A9 A5 vl | batchd WU HE
S 12/ Hal F2HES 30m JHH0RE 45E 3 &

7} TN 18] ARE ARste) B RE v

o

g3l A U 9 EY SR FAE vl

w18 Zgetel 7)Es%c.

2.4, 53 diH

24.1. VOCs 234

LHEY] Q@A A 918 VOCsY
8 dAFY] LABELS AFs] dho] 713 vid
o] ol Ful-® PID(MiniRac2000: PGM-7600, RAE
Systems, Inc)E ©]&38k] VOCsE =431}

242 BEEEEE =4

Hep r= SREAEDE W] 105~110°CH1A 1ARE

A7) TR EAAOfE] QMelA] Wl gEe R sl

AZ 4] dayw,) 7ol A8 HgEs FHsle] 3
TC

¢

)

41

3 e e} AR FA(W)E 48] Bk o
| g=82tol|la] 428 Aol e BUlal 105~110°CY]

21%27] QoM 4zt A The dAAlelE el ¥

whialar gheko = slo] FA|(Wa)E ST

dlo of
o

(%) = (Wa— W3) / (W — W) x 100

2.43. TPHAIFAEE S 4

EQAE 10-25 g& HloAel Y1 Asrt BEde=
FAHESE FFAERS A9
T gERang 100 mLE geh ol 2.
o] 32X YuE FLRRERS THE 3
Zete] EUFEE FAEES I 2EuEET
o HE 80 AHFOZHE 1.3 em UlEE B
= HE S}, ol 2gISEY]e £98 HY)
2 3k, FEARE (duty cycleye 50%0] SR BAT
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95, §E9g

Hom, 74°“°ﬂ g e keam
U} E I I (GC-FID)E ©)83}] ’ﬁ"/b‘}ﬁ‘jr

244, EF pH 23
TUEYATAAEH w2l OrionAe] pH meter
20 AZ olg3le FTAAZ BAL ENE 50gS
S00mL WlolAe] ST ZF4 250mLE WOl Jar-
testerS o}-&3t] 1A17F5<H WEIA|Z] ¥ pH BEAo T
3 9% the Rl A B REESE 9T ek
]141 RS F7gsIt

245 AL TAS EH

EFF] nBE dAIGe] $42 phosphate buffer?
B WARoE A T gadom AS 39
1:1 &3S 42 MM(mineral medium)ol HE3}e]
20°Co A 2097 vl FF S8 o™, MM(mineral

Table 2. Result of 1, 2, 3 house monitoring

A7 - A - R

medium)®] ZA-2 v¥iA] lliter B NHNOs(1 g), MgSO, *
TH,002 ), K:HPOL(I g), CaC12(0.02 g), FeCl(0.05 g)

oIk,

246, Bh 24

&FE°] 2N KCIE 71819 NH,', NO; & %%6}
NH,E phenol} sodium hypochlorite(NaCl0)2] =)
o] sodium nitoprussideZ Z|Z HA-E FAsh=
o 7]%%t Indophenol-blue ol wel HHFstH L,
NO; & NO37]- brucine?} FEAF EAfEIA 288t
FANEAS 93k Brucine Wl 7133t At

|

oE A

247. %0 &4

B dgoMe B498 EY 10 ZA smLE ¥l

2 2% (110°C, 10min)E EHS f718-8 Ea&jdt
Z G 10mLE 9] T2 £5(220°C, 7 hrpllA]
TR BE F TEEEESHS BAsa e
FEQAE GEE St K FHRGE Wol JA% &
dkA A)okg H7FEle] UV, spectrophotometer(3H73
440 nm)E T-PE BIAAF slict.

3. AlEEy ¥ OF

3.1. A& 27]H HEeIX}
2007 6¥FE 2008 12971A] ie] AR A

[?;eaarrt?:] Ten?[:nt"C) pH Water content (%) VOCs (ppm) (mgke) LS

1 house First 7.4 6.66 9.5 3.0 235.1 7.3
Second 20.0 6.48 9.7 038 2432 7.5

Third 312 6.48 104 0.5 2235 13.5

Last 133 6.80 8.1 0.7 206.6 9.4

[(ll;aarrtzr] Ter:;?lt"C) pH Water content (%) VOCs (ppm) TRN (mgke) L

2 house First 7.6 6.68 10.07 1.97 1166.0 ND
Second 19.7 6.48 9.54 0.8 912.9 4.7

Third 31.0 6.48 10.29 0.5 174.9 12.5

Last 13.4 6.80 11.23 1.2 286.7 12.6

[%12:;7:] Terri;ni"C) pH Water content (%) VOCs (ppm) TKN(mg/kg) £l

3 house First 7.9 6.66 9.87 7.5 1166.0 ND
Second 20.4 6.60 9.09 5.7 912.9 4.7

Third 31.6 6.80 9.00 0.7 174.9 12.5

Last 13.6 6.76 10.07 12 286.7 12.6
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Z8le] 56,080 m*e] QHUES A HZ 16, 17, 14
batch® o] 5359U7F EFA2RS 298t). WiiE &
FEG] AE Hslag WE 8 A4 I F
4R7TE(VNY) AP o] EYRE, B pH, 83
%, VOCs 181l 27) SHERS Ah, Qg 7)) Al
oA Ao, B4 EU1E gk the v
(Table 2). E%F pHE 37/WEolA] Aol Aaglol 6.48~
6.800% 2 Foll AEH< 6.0-8.02] HAS X314
om, A2F Yol ks voCsy] T 1,233
3R7191A4 0.5 ppm 2 7Y e kS Vel 3733
127100 7.5 ppme 2 TP =L S 7I=EsIgon,
7B B Algarola] Hala Q= WiAseHES]
HiEE)E- 715191 30 ppm(mg/m’) ©)51e] BEE WiEE]
A}, AR T8 SRR Vs RN A
g IF-S] A8 AA3ES 243t BESAR
W 297 1R ARSI EY IS T GUE
A AAN) W RIP)E BN An, AN TR
165.4~1166.0 mgkg O & 3732 1E7]0M 78} =&
1,166 mghkg® 2 S8R OM, Hit 445mekgdl FHOE
Yehdth 1Py T NDEESE)~13.5 mgkglE T
T 84 mgkel] AO= AEEHA} 023l FYEF= E
FoRRE FET S A F Ao, = APy
Fol FE53 AoR Jeh) QRIS (NHHPOYE S0
o TS e R 7P T8 GRS FRI)
Fwsrart.

EqRems nES 43l 7 & d3S vHE ¢
AR 23] & ] ARl WlE 2
HIE o W 3Rt 8% A, B 25 e
gl Aol d#glo] Bt 71EtE dASH
A= Zog vepton, HA 5= 12€4 3.6°C.
1 2Ee 8¥d 35.6°C) 252 235 UTHFig 1).

3.2. 2|2 20 e ojME X s

Z47] O AR 9lE QUESS e of
38 B WYEA, 2% 5 9 20g BYSHA e
sl "y AAS ey, B, E3l Tela
TPH AZEES A3 AF(Fig. 2, 3, 4), EXC] FH
FEIFS. %70 10.8%A] AHsldE T 68%E
stk 548 ARRA] 129 A3 3 i) AR
Ao QAEY] TPH 57 328 A== Ao
2 Uehdth o3l dvbe, o d8Ae) tirize] I
R rEe] Fal 2Bl o) fidEe] AREI Qe
Ao B & gt} Wijle 0 dEgY] 27 vAE A

40

........ O+« Soil Temp. [1 House]

BrF e i
- Soail Temp. [2 House] /§§

—-=57-——-  Soil Temp. {3 House] B N\
N, N
30+
PN

F

Months

Fig. 1. The variation of temperature inside the house for
landfarming (for 12 month).
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Fig. 4. The variation of TPH, CFU and moisture content in the
period of operation (the 3 house).

1400 r30

—&— Remediated Soil  —O— SoilpH ~ —&— Soil moisture

1200 | 25

1000 | ls

T
N
S

TPH Conc. [mg/kg]
pH
Moisture [%]

.
10 15 20 25

=3
o

Days

Fig. 5. The results of the clean-up efficiency in the period of the
first quarter.

TE VIS BRI 2% d ghe] 17373 A
4 x10°CFU/g, 2732l 7x 10°CFU/g, 3732
8 x 10°CFU/gR] E, 944 w8 FA57} 1 x
10'CFU/mL PRl #AE FU3lar 10¥ A5 ¥ B9k
Ul EAsks nAE 745 243 49, 132359 AS
5x10°CFU/g, 2, 3782394 1 x 10°CFU/gE E
St HAE 4o 343 STIeF SRR 24
o] vehded, ol AGAH) dYE FY 4 gy
AhoZ oAE EY IVIeke] FHEo] Qs 3
Hol 27] FUIYY FFEe vE I viE 5
712 QI3 A= dvkgn)

LEEY] TPH T%7} HAVIEERF¢e7E
‘7P 29 F52) 500 mgkg ©3FE W= 389 7
3 3o vAE P4 Zhzke] AR A 1 x 105,

o)

-

o
1
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Fig. 6. The results of the clean-up efficiency in the period of the
second quarter.

5x10°, 4 x 10°CFU/gZ 713+ 208 Yepdt} 5823+
F 2 FFedEa] ke & W3} glo] A A
3 7l AS UEIeH, uiRE T4 STIEE
gk uie- ShsiA oled drEe, BEdRiEe] F
MFHER] FFEEde] o] asl] Y] nygE
o] & F gA He=A vehd d¥E ddkdc)
o8t 2(2007)= A7l X 290] =T X
ESEHA aging oA weathering= A AJE3)7} &
o3l g2 HEEC] IFHoE FIFHAY AHESH
FET7} e 2 EAlsls 548 /KA o o
FatA=ol, e EAAR ] @Y H83 QHdEY
o] B4 B4E 53 9% B 589 29EAY 2
= A7 QA =F0] MaHolor & Aoz Algd,

3.3. 2714 x2|g8 "ot

%7] LAEYS] TPH =7} 1,500 mgkg 39 E
G deE 9 Ag 2 J¢ES T 2o
LHEYS] Folag, EYe] pH 123 RIS A
2743 23, A 7 2718 2] 27] TPH 5%,
1,215, 1,001, 1,893, 1,459 mg/kgo|H, £ Egke] 3
T pHE 187] 6.79, 227] 6.59, 3%7] 6.02, 477
6.52 FEE flolx AFd nel o] EFAEE A8
s17]el 233 B pH HHE fAske Aoz vet
W, FESHS 4 BEUIEE, 103%, 9.4%, 10.2%,
8.9%= SAHEJHFig. 5, 6, 7, 8).

LHEYe] Folas-s FUHYS A7), Ed4)o] Al
2t B2 10~159 Alo] B71¥ B9 pH, 583 49l
o] LBEHY FLI} 50% oV HHH AE Aes
Uepger, zk E718 HF TPH %< 355, 225,
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Fig. 7. The results of the clean-up efficiency in the period of the
third quarter.
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Fig. 8. The results of the clean-up efficiency in the period of the
last quarter.

348, 451 mgkg® 2 71, 77, 82, 60%2] AEEL-S B
ol ZoE AL 53] 2] QPR vt
1,893 mg/kell 3%71Y of AH3lago] 2%z 7 E=
UERITE Fig 704 3827100 sidsle @55 28.9-35.6
°CE mAEC] 71 YA EEE ¢ e otk
ol MRS @] UBFHA o) R glom, n|Ad
Eo] A E UldlAM 2l 2H8-S sl b 1r)9)
Hlwate] gslago] A Jepd Aoz wdkd

.2 E

B AT T OdE RIS 2 iR &
@A WA EFBATRE Afle] 470D
£g0) BEEE Wlskglon, Bevt ge Arg @
& % e,

=

(1) EAEEE 243 Oife $70954 09
ko]l Bt TPH FEE 1,650 mgkg®E 1 batch & <F
289 Alo] 2-Eo] 86%) HEEES HYoH,
o Bgewe] A%, $97IRE Aol 2A s 4

FAEEE sided 527 A9 Lxh

o] Iy A} S ST

(2) LHEEYS] 7] 3571 AR & EYS] TPH &
7t AV REEGLGHIRE P AY) v 500
mg/kg °)31E WEESRE oF 102(1, 27423, 202 (37
) A Fo vAE e 4 5x10°, 1 x 107,
3x 10°CFU/g® UERo, Bds AR 384 A
= AL T 7] ARAPEA 1% 108, 5 x 107,
4 x 10°CFU/g= 718 A2 Jelsdth. 23k 2
FoAEHY o2 & W glo] YAIA A 7he
S VEpleH, mAE ] SR B wle-
dHT) ol BEEe] £ AU FFOUE
Aeo] o] sty dA ] nAEe] & 4 A
gowxn veht Az dokEg,

(3) ¥71¥ A2 7] TPH 557}, 1,215, 1,001,
1,893, 1,459 mg/kg?l LUENS e €y =] 1
FUAES FUs B LHEde] AF3las-S XUH
23} A}z U1 3HE TPH 55 355, 225, 348,
451 mgkgS 2 71, 77, 82, 60%2] HIEAE-S Hol:=
Aoz Ao, Haago] /MY w2 W79 &
T 289~356°CE vAE©] 7Y d¥sH] &5 &
= HLel}.

(4) B335 (Landfarming)- E2]%|Q] 34l 2ls}
o QAEYS] =Tt HHE o]FAX= Ao] ofe}, E
WY EAlshs B2 viE, B 94 FUEE &
Fa3 vAE 1, YU, o5, pH 183 SR
T o3t FERIAES A o) UnE BHA 5o
oF AAIZQ B e 4= Qi)

A A

3
ki
o
rot

S, 6, 585, AT, A, A, HE9, 2007,
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2780l A3het AAESHA A2)(E97azh i 2 A8l
=85S FA93M, p. 71-85.

S 1999, 7 LEE} G837 Bl 93 H Aol A,
A7, 1G9, o133E, o] A &, 2003, F-F 2.8 Ek] B3t
] EFE HAE A APRAL E o] 5 o] 83 AR 5
FABIFESEAES] FASETE | p. 322-325.

182, H4Y, 9, 2008, B TR 7L GES AIH T
o] thehd& 22 9 Rk 1S o] 83 AlA3 A% 3t
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