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ABSTRACT

To examine the effects of amendments on heavy mineral oil degradation, a pilot scale experiment was conducted for over
105days. During the experiment, soil samples were collected and analyzed periodically for the determination of residual
hydrocarbon and microbial activities. At the end of the experiment, the initial level of contamination (6,205 + 173 mgkg™")
was reduced by 33 ~45% in the amendment amended soil; whereas only 8% of the hydrocarbon was eliminated in the
non-amended soil. Heavy mineral oil degradation was much faster and more complete in compost amended soils.
Enhanced dissipation of heavy mineral oil in compost amended soil might be derived from increased microbial activities
(respiration, microbial biomass-C) and soil enzyme activity(lipase, dehydrogenase, and FDA hydrolase) were strongly
correlated with heavy mineral oil biodegradaton (P <0.01).
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St EHY] AHETEolM BATTIFEAE T Hlete] fRAdiEe] EalEde] dAsH SRS gR1d
At} 105¥ 743} & amendment HETENNE Z71ES 6,205+ 173 mgkg™'9] 33~45%7F AAE whA ]
M= 8%tte] EalE AoE Uehsith FHlIAETEolA FAET B AAA T HisiA =L TEF g
S TEE £ Qe AR T EYUEHS AESHY XHE T soil respiration, dehydrogenase, lipase, urease
S0 maso] HrAREl el M) B B Bl DA oS PBEINN ASH Ta%e] Loy
T Apololls =& AT EAIEIATHp < 0.01).
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o] 7Y HIREE, Akk Fo AYoeE Qlele] A
2deolAe] AEsHH = g dvtsiAl XSgEct
(Jorgensen et al., 2000). BE3HH AH2l7|eL F71,
P, T B pHEE T 22AS B AL
2 o= AR S 7IEsAIE Tikeolet &
At

F71E9] A2 EYS] B5d, 3714, pH, ik
T oY EEERk 549 NS B ey 2s
A= Aoz dEA et ol B 549
NFe s5802 EG s & aslea 2 &
A3 LAEAY] Féllsol s PR AeE 4
Z ATH(Wellman et al, 2001). Goyal et al.(1993)
F718 AA7F g3 endo- -2 exocellular E4AE2
FHralaL Qo] fH71EY] A2 EY Wl okt a4E]
D7 vBES A4S SANFITAL St

f71BA 80l v 9Ee TS AT FEHos
= g 99 Ae) Bl BQAINE Arse] o
ZEA5R=8] Gallego et al.(2001)> TA|5kE &ix]2] A
27t g3l Eelks AR Slsiitiar Barsiel
I Wellman et al.(2001)2 EH]e] g7} F-7]12A¢E
((NH,),80,)°1 HI8} dZlf-(motor oil)2] w3l1E 313}
Foia B8} 3. Huesemann®}t Moore(1993)2 amend-
ment®} F71EGES B AESE A7 U1
T amendments ©HE02 A2|gE A2t vls| Y
(crude oil)2] B3NS FHsl=dl ol var B3}
At Bollag(1983)¢] 745+ o #HolA] f7]amend-
ment®] &3, = EHU s A]o] Algo] BT F
AEdolM dolul= A7 K coupling)s F3lo] LA
A9] -ge7 54 (leachability), &34 8% (bioavaila-
bility)S AAAIA 295D 7= a3t ok
A S el AE vREA S(1999)°] el IBT
Ql EplE gl AELe] gsloll o] co-composting 7]
Hell &87Fs/do] Atkal Bargk v} Qlok

EY frRede] 749 thiitd i, Afa 59

FHETA 52 SR IAE A S0l
7, Fr 5o Ik fRE Qg 29o] RS 2
Akl slov 8 5o TERE AT EFe A A
HE= FEe] HarEa oot

TEF 290 B I, B T IRk 1
AR A=t ede] SA 3lo] EEe SAde
7RItk & 4= Qlek AR Qlo] A 2Ee o
o] AfAAN i Sl 23 efo)] M= o
T So& QIF FER 0] Fa3 LAY} HH 2

o] MAT YrHoT T fHVt EYCE fEHE
2A0)7] Btk A7 2 9o fdsle A97t
geegiar & 4= Qo A7IRbel] A4 o] =L A
A aging?goll A weathering=] 1l A3l -B-ols}
2] o ARE0] YEHow AFEAY YESHE F3E
Tt B JEE EAlShs 545 7HAAl Bvkar & &
Atk
59 el wlsiA

1 A7) folakA] gthe gl AR disiAgt
HuEs 9ls W TAF SHEY] Ariey ¥ =
27y Sl gk gl de $53 AAoler &
4 At

SEUelelrs Azt 4,5008E2e] 4714 #H7|1EEGEAE
e 5ol PAHI Jria BuET et o= A
A 2d9de] Welgl= Sy nEe] A5 g
3 2AEAe] Il X 4= = I ouR|e]
ghe SHA vlgkE 4= Qlot

B dMe SEARLIEYY] BES FspsAd
7} A= Aol 9] amendment®] &-&7Fs/37 AY
B34 AFENESAT ESEaL)ES] FEF 0UE
& gslgel RUHH o R Hevtsds HES
7] 13l == At

2

2. 2 A

2.1. 2LHEQF 2 amendment

2 AFeAM ASE EGRS FAEZE A AHIEEo
olFolAd FAIA AHS FOE >C, BHER 24
H fRReE odY EYoR {8 24 E4
(TEM; Total Extractable Matter)2] =] 6,205+ 173
mgkg™ ¢l Y] LEEE Holal UATHFig. 1).

Agelle =2ENIe BA, T F7F9 amendments’}
A=Y= amendment A=) Qlo] w83} ShHo] &
ol & 3N

2.2. Amendments X{2|0]| 2|8 YS&HY sl

Amendments®] *2]= F-3{2](control), B71(5%, wiw),
EH] 5%, 10%, 15%(Ww/w) =22 *]2|3}>] amend-
mento} BES 7 &5 $ AR o] FEi
E] HE(100 W x 80 L x 60H cm)ol] EX8l] A3S &
Y3t T amendmentES ASHA] & tETH(F
i 2 amendment FAE)E Fo| TEF Aol AAA]

HEEE BrrskAa BAS A= (NH,),S0,9
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Fig. 1. Gas chromatogram of the soil used in this experiment(a)
and n-alkane standard (Cg~Cyp) (b).

KoHPO,Z o|-&3}a] Eoke] C/N/P BIS-S 100/10/19]
TOF ZHSIH oY FHIAETe] A HEY RS
FaoAl ¥sith.

AL H71-Ade] Hof Q= Aol 10597t
sl A7k T 5 23] FHVIE BIl] 9F
F7PE olFold o =S i 159 A0 AE:
sl fRde 2 vAIEEAEE dEs BUEY
SR =

e

tlo

2.3. 2MHY

23.1. a4

EdTe 89 7+ E8(fractiony> Oudot et al.
(1998)e] Wl we} A F3IAThFig 2). FE

Na,SO& AeJslo] 428 AIASIAL Soxhlet F24AE
o]g3}e] chloroforme §ME EY T FR8ES 7=
gt & FEAS ARAP)AL, 1FE FEES hexaneoll
AL A1A GF/A glass-microfiber filterE ©]-8-3} ]
asphaltenesS A A3} tE. Hexane 7F&-43%(maltenes)yS
15 em(L) x 1 em(¢p)ell E/J38}E silica gel(100-200 mesh)
S ZFFAIZ soilid-liquid chromatography column®l]
hexane 60 ml, hexane-dichloromethane(60 : 40, v/v) 60
ml, 12]31 methanol 60 mke F&H o2 THFHA &
NS Isial 3E §EAS URAT|A b o]
e TS Sk HoE RS e
stded ol #

polar2 3}$3 ©]E9]
Matter)2 3}t

F-3S saturates, aromatic, ~L¥]1L
%32 TEM(Total Extractable

f
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Fig. 2. Sample preparation and analytical scheme for the solid-
liquid chromatography.

232 HAEEY 4

EY T sl = five tube-MPNHol| ]3]
Sl FEE Rgsdos FE3aL Ak
o2 3Nk & 3]l 250 ul= Bushnell-Hass BIA]7}
271 96-well ELISA trayoll HZ31t}. ojul] ebkAhgog
A (L DEFAES FEEEAAL 2097 it +
v RYE] ERFFE resazurin(0.1 g/ ') indicatorZ ©]
&3] gl

E 583K (soil respiration) 0.05M NaOH7} 9]
Ue DALV FEE €Al 25°ColA] 2417 uij
0.1M HCIZ CO,®] EHell AMg=o] ARE NaOHS
e ST EN M EHE COE FEsITt

v AEAA TS 71 7S ZFK(SIR: Substrated
Induced Respiration)2 =43l= W 23l Z4318=
gl 7|AZ= glucoseE H7BIAIL 718 7K 20°CollA
4AZE HFEFEA] 0.05M HCIE CO,2l el AR50
ATFE NaOH| 42 =430 24 AYA)|Z(biomassyS
3Tt

= U4

232, BEFAAEY

Catalase 42 Rodriquez-Kabana and Truelove
(1982)9] el Wl 0.5g2] A& 40 mle] SF~
5 ml9] 30% H,0.2 Z718le] 1087 Jeslar 5 mio)
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3N H,SO5 7Bt ¥he-5 F8A17]a olF o7ste]
ool ZF3F H,0,2 0.05N KMnO,E Z3ste] A
3Tt

B2~ 8 A (dehydrogenase)?] 42 Casida et al.
(1964)2] HIHS o]&3}e] 23 5-triphenyltetrazolium
chloride(TTC)ZFE] A== triphenylformazane(TPF)&
W2 FE31 485 nmollA =S SHsh= WY
o2 gt

Lipase= Kuhnert-Finkernagel and Kandler(1995)2] %
Holl W} FE 1o tributrin 1.5 miS F5779) 20|
AR & 37°ColA 7243 BRE iR F s
butyric acidE ethyl acetateZ F=3}] 71 & 5mM
NaOH=E Z|Agho=2x S4sIqitt.

FDA75E3 &~ fluorescein diacetate(3,6-diacetyl-
fluorescein; FDA)S] 71=23loll 2Js] A== fluore-
scein®] U 490 nmol|H FHEE SHol= WHo=E
2 A4S =731 tHBandick and Dick, 1999).

3. 23 3 nE

3.1. E2F & amendment?] EC|5IEA M

Ao ARRH FAESY D amendmentd] E2]318HH
EXALS Table 13} 2t} EYS] pHE 7622 AESHH
A3l Aket EemES-S Holal AL E&f 60.3%, v
AF 29.8%, HE 9.9%°] o= vl Eqel 9
3P AlFE(sandy loam)Z 72 4 e EYoZ B
59, 5714 To] 453 EYl =t

EQ £ FFE£E Cu Pb, Zn Il Cdo] 7t
3.52, 5.95, 3.31, 0.08 mgkg™' O & AASHFH 9] wj
T 22 FEoFE FE] ol AR Al Qo
FEE9] FA0 o3t nAE FA9] JAl= s &
olx = FEo|qlth

E] FrEAAEE FRQGFAA durro=z
A==, S coll ¥ls) N, Pl F7]dEo] wlg- e
o= FEo] o] HAE A FzkE flEiMe

7Rl FEEH0] 87EE oISl

EY F f78sd = 8.58 logMPNg™! AEE =&
FEOF FHrEo] AS=H ole 2¢o] A717H30-404
W) A&EE PgollN 295 s ERm|YEE]
23 A} s

S Aol ARE A9 EHlY] {7 EERRe 212t
37%, 34%C)3 HA(TKN)S] 2 0.5%, 1.5%°]™ E
Ho} &l A UE (bulk density; py)= 2+ 1.01,
0.76°] AT}

3.1. SEREES 2all

AF71Zt 5 amendments M2 TEM EY T T
o] A Aot Fjg] Bl #7378
e "ud RBez ZAEAY. 105¢ A F
amendments* 2] S = 3,381~4,173 mgkg'®] TEM
o] ZF3t %7]FE 6,205 mgkg 'THH] 33~45%2]
TEMe] ®3lE Aoz YeldthFig. 3(a)).

HoEsEds Bl AT 15% EHIA T A=)
AR BlaiA AREAoR EH] ATEelr w2
AEHA S Bou) gule] A&t dAs
zlol= EAIEIA] RUTt.

=T amendments *2|3}A] 22 FAEFAME =
71559 8%dll dMFEE 519 + 148 mgkg'who] 1052
AF7IEet BaflEo] aging® FEFAIRE-S] AESHH
waloll 2lo] Fr|Re] AR =i S SRIg
T A o]ZREH FHERARY welE S 23l
= TR Fgol] viEA] desitiar 3 4 Q)
A8 amendment5e] SXEEE THE uf JYsHA|
(bulking agent)yZA19] 715 F, EYe] 7MHEE Wil
s T/PIA B71VEE Ndske &l o=
H] 5~10%9} BAX 77} 24 th2A] ftial & 4= Q)
U] B eM e JallE=rF AAFE]el HIsA
A=Al = AHERE EH|o] X7t B EF
o) M B2 nAEETHY B AA v
3 ®oh aypFolgial & = ik E8i7t Bolgt flE

S

Table 1. Chemical and physical properties of the soil and amendments used in this study

pH TKN OM Sand Silt Av.P Cu Pb Zn Cd HUB?*

155 i e L PP mgkg_l ........................ lOgMPN
Soil 7.6 0.02 1.69 60.3 29.8 17.00 3.52 5.95 3.31 0.08 8.58
Rice Hull 72 0.50 34.12 - - 2.34 3.57 2.35 23.52 ND -
Compost 6.4 1.51 37.03 - - 572 32.94 7.94 67.94 0.03 -

# HUB: Hydrocarbon Utilizing Bacteria
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o] FoE]al b o]F FajAEe] F EYTIES] 3
7} E23=E= &2 Shen and Bartha(1996)2 priming
effectZ}al sl EHIA TN F3hd 2o &
a7F SX1E AL HHlFe] B3l golg AAlde] &
ZAE°] priming effects 31 T2 02 AT
o] FallE HxlsidvkaL & 4 ot

P 53l dae] e 2 S 18w AAA
27} FRlAETEA T8 FUEREAY e T
o254 o= FEolond 1 Fa Fule AT
749 NH °|E vhd EHle] 9 N9 Fele g9
EHYo R s NOy 7t #2718 No| 83 Jejeh= A
olA] Zpel7} dkar & 4= Utk No| ez} E3iE/dol)
Qo] 2ol HolA sh= =83 aflojgial & sk 2
AR ZA= gloy &% AR LHEY] sl 2l
o F7|FEY TS B AEZE EAE] o] N

o] FHEEel i HE7E Besital & 5 3l

3.2. 7HH fraction?| 25l

friddite] 29 AdEE #Es A1 1059 7
I % saturated fractions amendment *]2]FEoA=
Z718%9] 60 ~47%A 2,086 ~2,706 mgkg™ <O
Az ez veldal FARelE 18%7F A7
Ao Z YERITH(Fig 3(b)). Saturated fraction®] 733 60
7HA] A&t H3l|7} o] FoA|al o] s Rl= )
2 TEMY} FARE 28 JEiE Beldar & = d=dl
AU3] LspAbA AR FFA(TEM)2] E3ll= saturated
fractions2] E3l7} -&og =] AzHdE Al o8l 2
Aeda & 4 otk

Aromatic fraction AF7IZF 5 549 ~ 815 mgkg 7}
amendment #2754 E3l7} o]FoA XIS
43 ~ 64%7} L= AAL FA TS 11%]]) 146 mgkg™
wo] EIlE AoeF YERGTHFig. 3(c)). Aromatic
fraction®] saturates fraction®] H|3|| €3] HEs|Eth=
A 2 dHZ AREE B AT A% saturates fraction
©] amendment *2]7-E°l4 1,706 ~2,379 mgkg™'o]
sE Aol vls] Auj¥ oz & k2] aromatic fraction
Eo] AY7IzF E3E Ao E YERYT} Kirchmann and
Ewnetu(1998)°] 73-¢-% Bledt 235 Bargk vt =),
2] Ealloll lo] vREEH] (horse-manure)* 2] 215 A
3 A3} saturated fraction®] 749 A1ZHEFel] wiek 2
45k B3ll7) o] FolH ™ whH aromatic fraction2] 735
nu|gk Yto] = drkar sl

Polar fraction®] 73-%- % Ag]7tollA 1 AEe] ol=
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Fig. 3. Effect of amendments on the degradation of heavy
mineral oil (TEM) and each fraction. @ Control; O Rice hull;

W Compost 5%; A Compost 10%; Il Compost 15%. Error bar
indicate the standard deviation (n = 3).

URARE ghgol| o] Fito] W=
(Fig. 3(d)). TF2 E£850] A&HH o= Faf=o] A==
A= gyl Sl o)FoXtde A2 saturated 2
aromatic fraction®] 35 HHe 5©] polar fraction &
HZ ASHde A4S oulsks ozt & 4 vt g3}
AT ARl polar fractin®] AFETh= AM
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Fig. 4. The change of relative distribution of each fraction during bioremediation in control soil (a) and 5% compost amended soil (b).

2 ofe] A7AkEol <3l FR1E viRlEl Huesemann and
Moore(1993)2 ©3s}Ao] Ao} AAE YA =
(biomass)2] 71l 7108 ar 3}93L Oudot et al(1998)
S polar fraction®] FARFe] & EZEC] FEHo=Z
Eallgol sl AAEE 2ReE LAIZR] 31815 (transient
species)=°|2kaL 3FT} Polar fraction®] #384&d0]
2 EAE A= WA B8l osl 8=
EdEolRe AL B AFEHeA Esligde] <3l
EH|Xg]o|A9] polar fractiong#o] AFx7] F43]
’F3tE WA 7 AL o FoRA] sk Tzl
A= ] Ws A9] Il tME ER1E]= nloltt,

SRR AESH ol A 7 fraction =,
saturated, aromatic, polar fraction®] JTHE-3EH]9] WH3l=
Fig. 49} 2t} 9= 2 A3 2188 EY T A78E
o] 7R  fraction®] E¥H|= 72% saturated, 20%
aromatic, 8% polar®] FAS 7K A= 1059 73
I} F BAjg]ol|l M= saturated fraction®] ¢~ 8% A
= 7+A3}al, aromatic fractions A2 W3 {Ia
polar fraction 8% AE 1 FhH|oA F71E AC=R
UERd vhE s do] AFos #3id ERiA el
A= saturated fractione 16%, aromatic fraction 5%
AT 748 ASZ YERAIL polar fraction®] HIZ} 21%
S7F Ao= Yepsith HREE F polart-g9] S7ke}
719] el Aol dAsA AdEe] Atk
el

.{

A F S
=1

=
al

(e

3.3. 7HH fraction ¥ SEFYEL oK

A7 R E3] gilEE el zlo|7t ks
A= U 608S 7o wig- A&t #al7) o] Fo
A= 27119} o]F 3llEErt A8 AleliAle F
o] ElYElE #EE 7 AT WAHeE Ha F

HEES HQ 15% FHHIAETFXE A ]
81%, 271552 61%7} 60Y71A] Halld Ao viEpst
= o] 7IRE wig- A& Helle e fawrt =
2 BAEGFE saturated fraction)it3ll2} B3] A=
of tjar & 4= Utk 604 o]F FalEEE SslA
o] 4597k FRaMFL 19% FERto] Eall=H U=
TN EeEEe) Ashs IFRT EE5C] FE &
A £ 2 AETH R fawrt e EHE
2 F2 45| 7] wWiEelgt & 4 Jth(Langbehn
and Steinhart, 1995; Allard and Neilson, 1997; Margesin
et al., 2000).

First order kineticse= O E FE7} zero= Al
Zog AadEtE RS AR ske A0 w52 A3+
el T Qo A whitoll AEESH 2l
S BAR) Qo B oR AR o] SITh(Demque
et al., 1997; Jorgensen et al., 2000). &} 2A]| EF
T e HIES A71e9EdE2 AR A71skEt
tEle BalAEde] & o] AF3AY ABESHE f
axo] A7 FoF B st EallEA e Fe
e o] HAHog EAIgRe FA9] ARdeltt. 4
Fe] A5 oMz ArjF oz BESH a7} 8ol
3It}= saturated, aromatic fraction®] 7395 Ea|EAdo]
= Bl At G2l 50% B T
Ag]71zte] doAeEis FEsht 34 &S AY
golgt 4= QIAok. webA first order kinetics 5 %
A2]717Ee] diSolu}t Al =EvsdS oSSk
gl o] o]yt BalAd &, Y EZEC digh 1
27} dojor a4 Ut} Nocentini et al.
(200057} Demque et al.(1997) 5-& o213 Ea)#IgHo]
2 E2E0] FRse s AYsh] S8l v 2ol
HEE el first order kineticsE A|2F}ST).

o

-

o

E
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Table 2. Biodegradation rates and estimated refractory fractions

R

Loss rate constant (k% (day™")

Residual concentration (mgkg™' soil)

Treatment
Saturated Aromatic Saturated Aromatic TEM
Control 0.0085 0.0026 0.0038 3,494 1,025 5,407
Rice Hull 0.0146 0.0115 0.0137 2,407 479 3,792
Compost 5% 0.0473 0.0159 0.0250 2,423 495 3,588
Compost 10% 0.0484 0.0155 0.0338 2,473 457 3,541
Compost 15% 0.0506 0.0156 0.0383 2,461 401 3,553

# k= degradation rate constant of easily degradable

Ci=Coe M +b

A7IM Co= BESH R FaFse 249 5
AZE vt AHERE de] B2 5, be E3AE
o] e T2 or)gitt.

] 2ol o3l T8zl TEMZ 7l fraction®] 3li<:
Tke d= FFEEE Table 20 Ajsiict. WEw
first order kineticsoll 2JslH E3l& o] = EH|xe]+
ME el iAol e FEEe] IHFE A
07 FAHEAYE=Y compost 15% #2704 saturated
fraction> 2,461 mgkg™', aromatic fractionS 401 mgkg™
I3l TEME 3,553 mgkg™! A7} Z731A € RAoF
5=}

o
i
o
ir

3.4. ZERYEC WEsl 2HoMe| O ESEHE S|
#s}

BlpAiallt e 27 15971 A3 STt ol F
AR T o]F FATe} BAAYTFNE A& o2
Aasidont gHlixElTEelkie v AelEel sl A&
FoR H& el 7o 58 skt 90d
o] AEHA s Fds BAtHFig 5a). TETY
o] 607 Al EellEE Y 25 A}
7F vk & 4= =l van der Waarde et al.(1995)
Slrdniaiiet o] Wsht 219 AEsHEs] 2
T = o= FAAAR] BESHE AHS
ARl QlojMe At vkl Barsted ole
&t ~HERS] HAE FoAA AF3] Ak FENE
| A 204 vidEaL SAE7] wFole) skt
E%F 583 (soil respiration)?] S4L Eu|lEe] &
o] A|3EEA 8= okt Anderson, 1982). TFHF
HzIlol| =& el =it o] 7kbest $4
f &2 amendment 32 E3lj7} &0)3F EHE0] B
nEel o3l 41438] EalEAThs 21s ov|ghth(Fig.
5(b)). ATl AP 27| FE3 S71 o]o] o]Fe]

O
¥

Ir
¢

o

NeX
T

KR
=

o o

td

o

(]

o > oX
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= TAEE YEHE BRYe TRl BAF A
T Bxe FEoE SFHo] AE v AT E
o= AR s e FEom ARV SAEUC

]

>
Q

Biomass-C(glucose-induced respiration)2] 73-%-
Z27] 7RI ol% ase P EFe
o} AR YEIE PO aFFe] B S F
o] A 0] A== WFA biomass-C2| 735
Zro] WiEEE S BYTH(Fig. 5(c)). Biomass-C2] 1
29l F7+S Margesin et al.(2000) ©]AIE2] Ho]
(microbial succession) W&-o]2} slATt,
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)
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34. SEAREEC| dEsl 2HoMe| SAgMo| Hst
Fare] SR oA Y] Bl Fs=
FA9Q lipase, AFFHUEAQ] catalase, dehydrogenase,
T 7Rl aage] AEE ¢#Z FDA hydrolase
o] Wsks RUHES da= v Fig. 67 2t
Lipase®] 42 amendment *8]7-E0X= 3o vt
EEE JHE BI=T 3089 7597 E430] FkEE
Follot FAETFeME AA7II A ¥sht §l
Aot Lipase= LAEZE ¥38k] A A (lipid) Z3%-<]
Eajlo] #Fdd a4% I#A A=l Margesin et al.
(2000) T lipase’} ©slAxEall g o] RUEE Q)
of &3 Akt alinh. & Aol lipase E/4¢]
HaP} HT EYT BslAisle} o] e 3lo] of
Uz} amendmentdl] -8 A|@AdRe] Hallo} dAFto] 9l
ool HoX]=d ERlAE] EYEA gilaa 5 T
3] FAlEEr 60¥s BHstAA] #stE vhd
lipase®] /42 4597 ZAAHATF OA] 759714 €43
o] T7IEE AR YRt} B8R o9)e] EH]
g A3 vl s vkl & 4= St
Catalase@d2 714 wAES] &4 AE2A EY
HAE 8 EGHISES} AvEo] Jtkal dEiA] ot
(Pascual et al., 1996). & || catalased] T/
A7 A2 Yl HolA] ei%kal ARt
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Fig. 5. Change in the number of hydrocarbon using
microorganisms (a), soil respiration (b), and microbial biomass-C
(c). @ Control; O Rice hull; ¥ Compost 5%; 2 Compost 10%;
B Compost 15%. Error bar indicate the standard deviation

(n=3).
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Fig. 6. Effect of amendments on soil lipase (a), catalase (b),
dehydrogenase (c), and FDA hydrolase (d) activity.

@ Control; O Rice hull; ¥ Compost 5%; A Compost 10%; H
Compost 15%. Error bar indicate the standard deviation (n = 3).
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Table 3. Correlation matrix of hydrocarbon decontamination and soil biological parameters *

Correlation coefficient

Parameter”
SAT ARO POL HUB RES BIOM LIP CAT DHA FDA
TEM 0.987** 0.954**  —0.452%* —0.106 —-0.404**  —0.550** —0.524** —0.440** —0.667** —0413**
SAT 0.922%*  —(0.559** -0.132 —-0.456**  —0.575%* —0.535** —0.418** -0.670** —0.456**
ARO —0.496** -0.088 —0.371**  —0.553** —(0.503** —0.438*%* —0.668*%* —(0.394%*
POL 0.187* 0.492%* 0.493** 0.345%* 0.143 0.440%** 0.476**
HUB 0.577** 0.561** 0.364** 0.261** 0.249** 0.713%*
RES 0.891%*%* 0.520%* 0.286** 0.478%* 0.729%**
BIOM 0.555%=* 0.480%** 0.641%* 0.745%*
LIP 0.215* 0.484%** 0.442%*
CAT 0.514** 0.269%**
DHA 0.403%*

4 15 samples for each treatment were used in analysis, i.e., three replicates for each treatment and sampling date
b SAT, saturated; ARO,aromatics; POL, polars; HUB,hydrocarbon using microbes; RES, soil respiration; BIOM, microbial biomass-C; LIP,
lipase; CAT, catalase; DHA, dehydrogenase; FDA, FDA dydrolase

* P<0.05; "P<0.01

AL} s e

vt )% B34

170

HIA 2| F=ox = 4597
Bt EHIAEFENA 45979 7
[ARERE, 72 Tl o 204 ARFEHe| w2t 7HE-
st ghAglo] wislel e mAE 5439] Wl ot A
QA= EshA] 2d). EuxE]7-E94 dehydrogenase
o] &Ado] "‘?‘7_‘15] AAATE Blel dAHA =4 W
e AL 5% 2 AARe] A}l tEo] EHe
Algo] Eoohj]/‘gEJ PS5l &84S orlek= A
olgt & + Ut

FDAT protease, lipase, esterases2] THUSE G450
ofsf 7lEelEE AR delA =l 1 rkRels
57} EUAES ARl &4 A7|2 15Enh
FDAY] 7liell v 27] 15900 +43] Skttt
o)F FAaEE Zlo] A HFEeIA BAR= ol
ot FDAVRRRS] &5 94 T2 8450 EXy 2
o] Eu|Ag]Foll Mo g &2 FoZ YER.

7R T D@ EA Ry waleh e
2 G487 IS thee] Table 30 YERY
Ak TEM 2 7} fraction59] w=9 WAEZTH,
biomass-C5-2] VA& &7} lipase, catalase, dehydro-
genase, FDA hydrolase5-2] EFaAio}l w2 Fo| A
(p<0.01el Aoyt gslraiald ok 4ol gl
Aoz Uehdth. Te)m vgE T EoREAET
ol we AT EAse Ao Yet
(p <0.01). &slraitallat =9 firdee] allol= i

L

pu—

Journal of KoSSGE Vol. 12, No. 5, pp. 54~63, 2007

:-:_9_)\]-—:—,
T ol

el Ae = A7 EAFT AL Barss Ao]
UukA Q] 7d-9-(Song and Bartha,1990; Gnther et al.,
1996)e} & 4= o} B A} o] AduaA7) glrkar
Bugk Alg =3 E=A3=d] van der Waade et al.
(1995) Y Margesin et al.(2000y5-S ©8lARa)d
o] Wslr} HAAR] BESHH TS BAR o
A AgslA] gdthal Harsloitt.

4.2 E
FAIES S Aol M FHul, AA + 577

WFE 59 Eamendment®] #E|E 53 EYHIEES]
S SHAE = ol SRIFM= 53] EH]
A7b FA], BAXE vlE) 2y S &t 2
Ao=g Rl EH|H ol o5k Eaigde] FTti=
EHIFol NP 5 FEd =Y S4Ss F ’\]7]"7
co-metabolism®] 5= 2 AL 4= Q)= v|FdAa
R o ok S4S ek 7] wieelzt —r%Q
o} Amendment XZJoll SJ3IA aging® FTE-fol Uik
EQuAEe] Ealge A SuiEvE SIAT Ha
wAEAdS Y ERIATAIME 50% ] TAR
AL FRshe Aem AT S| Eel
AN EFSE 4 biomass-C 59 PIBESA 7 ESE
Z(lipase, catalase, dehydrogenase,FDAhydrolysis)e] &

g FA5) BEs} e JVVAS 1o o)5 S
& BUR RS BAIGE 2R AR 947}

T AU



Z24H LAEQS] AESHA 29| 9lo] amendmentse] a3} 63

m

f 1

o
rar

gAY, A, G4, AN, H3, =70, 1999, 547
F LTS EAE $13F Co-composting 7|&2] A A8
T, I ESFSEES)A, 4, 193-201.

Allard, A.S. and Neilson, A.H., 1997, Bioremediation of organic
waste sites: a critical review of microbiological aspects, Int. Bio-
deterioration Biodegradation, 39, 253-285.

Anderson, JPE. 1982, Soil respiration. In: Page, A.L.
(ed),Methods of soil analysis; part 2: Chemical and microbio-
logical properties, American society of Agronomy- Soil Sci-
ence Society of America, Madison, WI, p. 831-871.

Bandick, A.K. and Dick, R.P., 1999, Field management effects
on soil enzyme activities, Soil Biology and Biochemistry, 31,
1471-1479.

Bollag, J.M., 1983, Cross-coupling of humus constituents and
xenobiotic substances, In: Christman, R.F.; Gjessing, E.T. (ed),
Aquatic and terrestrial humic materials, Ann Arbor Science
Publishers, Ann Arbor, Michigan. p. 127-141.

Casida, L. E., Klein, D.A., and Santoro, T., 1964, Soil dehydro-
genase activity, Soil Sci. Soc. Am. J., 47, 599-603.

Chaneau, C.H., Morel, J., Dupont, J., Bury, E., and Oudot, J.,
1999, Comparison of the fuel oil biodegradation potential of
hydrocarbon-assimilating microorganisms isolated from a tem-
peratural soil, Sci. Total Environment, 227, 237-247.

Demque, D.E., Bigger, K.W., and Heroux, J.A., 1997, Land
treatment of diesel contaminated sand, Can. Geotech. J., 34,
421-431.

Gallego, J.L.R., Lorego, J., Llamas, J.F., Vazquez, F., and
Snchez, J., 2001, Bioremediation of diesel-contaminated soils:
Evaluation of potential in situ techniques by study of bacterial
degradation, Biodegradation, 12, 325-335.

Goyal, S., Mishra, M.M., Dhankar, S.S., Kapoor, K.K., and
Batra, R., 1993, Microbial biomass turnover and enzyme activ-
ities following the application of farmyard manure to field soils
with and without previous long-term applications, Biology and
Fertility of Soils, 15, 60-64.

Gnther, T., Dornberger, U., and Fritsche, W., 1996, Effects of

ryegrass on biodegradation of hydrocarbons in soil, Chemo-
sphere, 33, 203-215.

Huesemann, M.H., 1994, Guidelines for land-treating petro-
leum hydrocarbon contaminated soils, J. Soil Contam., 3, 299-
318.

Huesemann. M.H. and Moore, K.O., 1993, Compositional
changes during landfarming of weathered michigan crude oil-

contaminated soil, J. Soil Contam., 2, 245-264.

Jorgensen, K.S., Paustinein, J., and Suortti, A.M., 2000, Biore-
mediation of petroleum hydrocarbon contaminated soil by com-
posting in biopiles, Environmental Pollution 107, 245-254.

Kirchmann, H. and Ewnetu, W., 1998, Biodegradation of petro-
leum based oil wastes through composting, Biodegradation, 9,
151-156.

Kuhnert-Finkernagel, R. and Kandeler, E., 1995, Enzymes
Involved in Carbon Metabolism. In: Schinner, F.; Ohlinger, R.;
Kandeler, E.; Margesin, R. (ed), Methods in Soil Biology.
Springer-Verlag Berlin Heidelberg.

Langbehn, A. and Steinhart, H., 1995, Biodegradation studies of
hydrocarbons in soil by analyzing metabolites formed, Chemo-
sphere, 30, 855-867.

Margesin, R., Zimmerbauer, A., and Schinner, F., 2000, Moni-
toring of bioremediation by biological activities, Chemosphere,
40, 339-346.

Nocentini, M., Pinelli, D., and Fava, F., 2000, Bioremediation of
a soil contaminated by hydrocarbon mixyures: residual concen-
tration problem, Chemosphere, 41, 1115-1123.

Oudot, J., Merlin, F. X., and Pinvidic, P., 1998, Weathering rates
of oil components in a biodegradation experiment in estuarine
sediments, Mar. Environ. Res., 45, 113-125.

Pascual, J.A., Hernandez, T., Garcia, C., and Ayuso, M., 1998,
Enzymatic activities in an arid soil amended with urban organic
wastes: laboratory experiment, Bioresource Technology, 64,
131-138.

Rodriguez-Kabana, R. and Truelove, B., 1982, Effects of crop
rotation and fertilization on the catalase activity in a soil of the
south-eastern United States, Plant and Soil, 69, 97-104.

Shen, J. and Bartha, R., 1996, Priming effect of substrate addi-
tion in soil-based biodegradation tests, Applied and Environmen-
tal Microbiology, 62, 1428-1430.

Song, H.G. and Bartha, R., 1990, Effects of jet fuel spills on the
microbial community of soil, Appl. Environ. Microbiol., 56,
646-651.

Van der Waarde, J.J., Dijkhuis, E.D., Henssen, M.J.C., and
Keuning, S., 1995, Enzyme assays as indicators for bioremedi-
ation. In: Hinchee, R. E., Douglas, G S., Ong, S.K. (ed), Moni-
toring and verification of bioremediation. Battlelle Press, p. 59-
63.

Wellman, D.E., Ulery, A.L., Barcellona, M.P., and Duerr-Auster,
S., 2001, Animal waste-enhanced degradation of hydrocarbon-
contaminated soil, Soil and Sediment Contamination, 10, 511-
523.

Journal of KoSSGE Vol. 12, No. 5, pp. 54~63, 2007



