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A A 7} 313 ¥l 92 $ o] 24 5 B3l 9HH 2 2 rubberized coconut fiberS 2] A 7] ¥kAl] 2 A1-4-3F 91 F4]
E415 20034 8¥ ol AX 3t Tk AFAEA A7 A = A Eo] AF F US AER JUdg o] 55
o) ZAX (Iris ensata), *=3 33 X (Iris pseudoacorus), 2 (Phragmites communis) 5- 2 2| 7 2] E-o] & #1351}, o]
A A A2 &S dolr ] $135te] 20044 49 5E 108714 2F A L2 FH 75, M TS, B-
glucosidase, phosphataseS ZAgF A3} QlFA|EA A A7) TS5 747 3T 28.6x10° cells/ml,
22.7x10° cells/ml, 452.9 nM/L/hr, 16381.9 nM/L/hr2 ZALE o] 5}2 5 35ER v} 747 109, 1590, 224, 384 =
et 2 R YA T EE AT FALI A7 A FF55NA 242 T 1.06 mg/L, 125 mg/LS-E ZA}
=] =4E Bt 126, 30 34th o] AT Q1FAEA A7 Al o A A 28 A A 7L whEel 3 2, o] A
ANA Aol T3 &L 3t H-FF S ZFEAME A Eo] & AF 5 o
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Ao AAHYTkE). T AFHEH @ A AN &
R Ao olahshy a0z Sielo] B it 5,
aEe) $3) 4802 4718, $9), $449) wrt o B

e} 4 olglel= doz A olFEv® sty 28y

ool WIS U)oz AFS 2y, AFAEA oA
= SEEHAEY 4ot a4ERT 208 AR =%, B-

glucosidase, phosphatase 5 EAZAAEE ER Fof QI

o IE T
M= B wghgol mhan, 4EEYaEe) o] o} FRE

FAE] STk} ol W o] ST} el HA| Solutth. o
2 AEABAE £ AR AHA Bgom Agal
Aol a7t o] FRIFATH12)

RS 200290 FASY AR T, FR1Y st 4
Z} 1.5 mg/L, 22.6 pg/LE ZAMEJTHT), ol A321EAd0) 2]
AL AZo] A 9 HER Y FEolth mepA, Hi
Eoll o3 55 9ol wle AF2eAde] A7 Ao =X
(Iris ensata), =% X (Iris pseudoacorus), 2N (Phragmites
communis) 5= AAE 75, 2A715AH ] H] gl F=
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(16). o]Egt o] & ulgo g AMgto] FA3 ] A% A A
9] rubberized coconut fibers AA7|IAZ ALE-SF A3} AE
o] PJ3HAl ASkTh(Fig. 1).

o] AF= Alte] 71502 2Eo| & At JAFAEAIdA
vAE AHAE olslialy] Skl FAlTrae SME, A<
FAENEE AR, 9019 F2449) F=7T A4 7HHA]
oA Gl FolAEvtE SIS

R

ZALCH& X & 7|2t

ZARPER] QATAEAL 20039 8 w235 Elike] Aol
AWA 1,800 m* 2 ZAE o, o7 AAE AEe FHE
(Iris ensata), =% ZZX(ris pseudoacorus), ZHN(Phragmites
communis) 5 35FOIthe6). Al B3, AEardyde, T2
Ao} FR1ES BA3H] 1% AlEe QIFAEA A7z
10 cm) o] F=4E AESIAT. == FH| sonicator
(Philips, HX-7500) & 1%3F 254121 & EE 50 ml A7)
£ ol&3t A=A A7l A MFH kAT A8 718k
A FF9} vlusr] Y E5ES JTANELTH 30 m 8
o]zl o] FFTE G AFHOE AF st A8 2AF
717k 20041 49FE 20049 1097HA] 27 (HASE AAJE}
Act.

MZ+ 53

ZF A= acridine orange direct count (AODC) H'HS AL
319 0™ (20), M TS+ quantitative direct viable count
(@DVC) WS AREITh). SAATFS A3y sk,
¥ 50 ml conical tubed] A& 9 mlz} cephalexin (0.01%) 1
ml, nalidixic acid (0.02%) 1ml, yeast extract (2.5%) 50 pl,
glycine (HEEE: 2%)yS H7tete] AF2ToNA 2443F F<t

Fig. 1. Artificial floating island just after installation on Aug. 2003 in
Lake Paro (A), Macrophytes are growing on artificial floating island
(July, 2004). Phragmites communis (B), Iris pseudoacorus (C), Iris
ensata (D).
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A i g T, freeze-thaw (YA DA AHYE T F T4
formaline (FEFE 2%)2E A3} black polycarbonate
membrane filter (Nuclepore, pore size 0.2 um, ® 25 mm)Z <
FFslal, AODC W o= Agsitt. BAlTT w2 Al
w@olA gDVCH g Uehd AlitrE wilF=o] ANk ks ARS-
Sk}

EE vAEY ASE 33380 B (Olympus BX60, AODC;
exciting filter: B, Lamp: Mercury lamp HBO 100W/2, OSRAM)
< ol&st AlFstAAaL, 4 Aldas 207 o] sHellA =
A3 S ARSI

Helga gdEe £H

B-glucosidase A== Chrst (14)9] WHo 2 =43t 7]
A2 methylumbelliferyl-substrate  (MUF-Bglucoside: 5 mM,
Sigma)E AHE-3} 3L, MUF-Aglucoside®] #HF F=7} 25, 50,
100, 200, 400 pMe] H=5 H71ek & A% 2ollA 147 Hl
okttt vl & glycine-NaOH (pH 10.5, 0.2 M) 0.5 ml&- Z}+
7} H7keto] Rhg-& AAAR ¥ AAE MUFS ks 3% 3
= l"ﬁ:@,ﬁ](TD - 360 Mini Fluorometer Emission : 460 nm,
Excition : 365 nm)E& A3l AHEAY 3IYGLh BE B8
= 33 S35k kS AESIIT Specific Aglucosidase &
AE=E B-glucosidase®] Vmaxghs EAAATEFZ Vo] 319
t}. Phosphatase &%=+ 4-methylumbelliferyl-phosphate (MUF-
PO, Sigma)7]|&-& A-8-3}992 1 B-glucosidase activity WHI &
AT FAPHS AT,

& Q(Tp), EER7IM{(MDIP), & EAMN) H Hik
(NOy)
Standard Method (10)2 =43}t

2 I

Mza=2| H5}

g2 sl AXE QF AN Ao (Reed)ot FE(Iris)7t 2]
AE A7 ] TG} AFAEAe] AAFA] e T4
E 5 T 3ARNA AR A, Al Az AR A
A7 A T A 11.0x10° - 56.0x10° cells/ml, FE7} 2]
A A7) o] FZF A 14.0x10° - 55.0x10° cells/ml, &
FENA 1.2x10° - 64x10° cells/mlE ZALE ATHFig. 2A). 2
e} Fxrt AAE QIFAEA A7 55 AlET} 5
FERTE 247} 652624, 5.4-18.10) H& AFE BYon 5
FE A FATTE & W3} glo] IR, JAFAEA
2719 0] G- o] LEph] AlRfehe 59 o] $RE F
A7t S7FE 88 2ol Hdlgks B, o)F sk
A¥E BTk

GAATGE 27t A A AR 78R Q] F=4RollA] 6.6x10°
- 47.0x10° cells/ml, FE7} 2ZF 22 7]6kA) o] FF4=0) A
7.3%10° - 51.0x10° cells/ml, TF=-ollA] 0.2x10° - 3.4x10° cells/
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mlZ ZAME AH(Fig. 2B). Zdlet 27} 2219 AFAEA 2
A7k O] g5 A8t sFERT 27} 8.6-45.84, 5.7-
NoH] =2 ARHon, FAEF} vRVIAR sFEdAE
Mol 2 st YIlar, Aol Fart AAE AEAE
A A7 T AT E SAS wske) vt
A2 s9RE F7PIT 89S Ay gide A9E Holn
Art.

Al gk Ao HIE-2 A7t AR 247
whAe] F=roll X 47.1-86.8%, F3ETF A AE AA7IREAY Y ¥
FollA 52.1-92.7%, T5ENA 14.2-73.9% 2 ZARE ATHFig.
20). 29} 27t 2AAE A7) o] F=Fol A SERT
FL HIES Holal o, S7E9] A AT S84
FollA & WsES BES & oY Tl tigk 24
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—w— Reed (AFI)
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Fig. 2. The variations of total bacterial numbers (A), active bacterial
numbers; (B) and ratio of active bacterial numbers to total bacterial
numbers; (C) in artificial floating island (AFI) and control site of Lake
Paro.
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Alitre] HlEo M e ol mEt fslkshe 43S Kolal itk

HelgagMeE

QIFAEA A7 F=49} T522] B-glucosidase &
AEE ZE A5 2716k A] 161.3-801.7 nM/L/hr, &
ZE AAF A7 A 176.4-832.3 nM/L/hr, S5E-)A]
5.3-36.7 nM/L/hr S tKFig. 3A). 2t Z27} AA9 9F
AEA ATIAY FF57 A87F SFERY 22 94438
i, 10.3-76.7 B} & 3= BT

Mt 3 wke]7) YISk specific B-glucosidase & =+
ZE 2A1E 24 71RER o)A 7.3-50.0 aMcel/L/hr, FEE 2] 7]
3k 2 7EkA o) A 6.6-51.6 aMcel/L/hr, S50l 4.0-47.6
aMcel/L/hr 919 tHFig. 3B). 49 29 ZA$ 550N Hd
4731 aMcel/L/hr, Zo9} 37T 218 J1F2AEA 2476k
oA Z+z} 27.66 aMcel/L/hr, 29.07 aMcel/L/hr 2 ZAE o] 5
EollA ESkou, o] ol 5¢ o] EE SEClA
3t 16.23 aMcel/L/hr, 2019} 37t AA19 JAF2EL 24
718kl A T 22.12 aMcel/L/hr, 25.88 aMcel/L/hrz ZALE] AT

Phosphatase &9 A¥= Zdl7} A€ AA 781 F
=0 A 4873.1-28201.3 aMcel/L/hr, F3E7} 2719 214 7168k
9] F=FFoll A 7036.6-30409.0 nM/L/hr, 5504 11.2-1405.7
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Fig. 3. The variations of B-glucosidase enzyme activity (A) and
specific B-glucosidase enzyme activity (B) in artificial floating island
(AFI) and control site of Lake Paro.
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Fig. 4. The variations of phosphatase enzyme activity in artificial
floating island (AFT) and control site of Lake Paro.

nM/L/hr 912 ZARE ATHFig. 4). 207 2715 2879k 2]
FTIFE TFERT 7.3436.0 ¥ ko, Fx) A4 A4
1A o] B 734 8.8-1107.1 ¥l &3S BTk

YtAR

oo} FEE AATE AFAEA AR F55 A
FLEFY TEE AR A, FR19 A9 ZUiE AAg 2
A7) o] FE5roll A 0.64-0.91 me/L, FES 223 24876k
Ay FZFFolA 0.49-1.06 mgl, TFENA 0.05-0.08 mg/LE
ZALEATHFig. 5A). ZAPIE 25 S4EHT Q1328 2
A7 F5 AFAA F 1Y FErF %o, 2}
LI} 2AAE JAFAEA A7 355 A8 35E
o vlsh 2tz 9.9-13.98), 8.4-16.58] =& 23S BT

SEEI0IAE B Av= 68 1Y Aol 5580 &
oo} FE7t A8 JAFAEA A7 354 A8 R
A 2AERNOU, 68 11U Alejsha 2o} Zxrt AAE
AFAEAN A7 354 A87F R 242 11-
2,080, 1.2-2.49) QATHFig. 5B).

FTAL TR G FA Ao} PR ZAPIRE B9t
B QIFAEA A7 9] I AlE7F STERT 24
ZARE AT, 27t AAE QFAEA AR e} FET) 2
AE AFAEAL AR A 242 4.6-12.5 mg/L, 4.9-9.0
mg/L, 354 1.9-2.8 mg/L BH O (Fig. 6A), Zth7} 2
A AFAED A7 W) F59 A8V SFERT 24-
6.18] =9kar, FETL AAlE AFAEA AR 7R T4
NEE 355 Hla] 224740 2 7S Bt

A B4 Ans AFAEA A7 IS4 &
el Blsl BT =4 AR RO, 27 AAE A8 7Rk
o FFolA 1621 mg/l, FEZ} A" AR EkAe] F=
Fol A 1331 mg/ll, EFENA 08-1.1 mgL HAckFig.
6B). Zdulle} 27} AAE AFAEA 27N F= A
27t 35ERT} 242} 17234, 1.3-3.480 o]tk

AFAEA A7 FFolA AR £ 43
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Fig. 5. The variations of total phosphorus concentration (A) and DIP
concentration (B) in artificial floating island (AFI) and control site of
Lake Paro.

o F#

A=A AA7IRAY 7Y T3 715 FES 5=
AA 2Ee] &2 AS Fe Aotk g2 Axd 1F
2820 A9, FALE SFERT Aot Aot AAE Q¥
254 A7) 54 A5l 22 2.4-6.18), 2.2-4.79)
T s B, FR1e Aol Fxrt AR AFAEA 4
A7INAY T A8V EFERY Z2E 9.9-13.94), 8.4-
16.58) =& e Btk Mt U Tx9] Ql, FAE 5535

B FRY ¢, AAE UE e TS zha 9lol(6),

TEABA - A, TS I AE N biofilm)yE AT
I BASIATHRL). wWEbA AEAEA A7) F=4ol A
It A vt w50l g0l & AR = 9ls A%
2 T e FA2e FRlo] eSS, o5l
A7 A Eobd = gl AL wiE AlTe] V)ses
£ 5 3o
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Fig. 6. The variations of total nitrogen concentration (A) and NO;
concentration (B) in artificial floating island (AFI) and control site of
Lake Paro.

7149 AT Aol ATH(19). AA7REA
Sl el g A4 rubberized coconut fibersS 7}A| Il
A9} Qe FHIH/E AR AFZAFO|A rubberized
coconut fiber?] F=ollA FHA, FR9 F=rt U219} H
wate] Z}zF 208l 1008] o =olxlar, wigh =, A4 5o
FTAL} T FEE HE2TEG 47 16.6-36.84, 91.5-
122.58] =A ZAFEATHS). 53] rubberized coconut fiberd] %
ol A, F A= 25000 o, F Q12 10008 o) =obA,
rubberized coconut fiberS- 22 7|REAIZ A3} T). Rubberized
coconut fiber= 7129] coconut fiber Ao 1F-Z TIHS- Ao
2, o] IFAFEC] A2FAE FAF e 7dET & AA
9} Qlo] F=HUS ASZ ALSZHT) Rubberized coconut fiber
S 27N R ARS8 B2 S JIFAECAME Aol A
I AA7EEA o2 A& elr) Weiskon, o7]dE Algtol
A=)

P

X
=l
10,
of —hI.
Y
rlo

B2t AETH(biofilmys AT 4 ASch 23y o] ¥l
2218 rubberized coconut fiber HUF Yl S50 FH =
S50} Jermg vt 5o EEFQl A8 ot Aol 4
Al €218 = 7] Wil Alie] 2 AR 7RG Ax
S 7o g AlgHh

23 JAFAEA A7 I S5EoA T

Kor. J. Microbiol

o Aol HsE AR FRo] B X719 499
A o] EolAlE AFVIRWIA A3 F71REe BT AP
7t 3t SIS AUl AU AAE JIFAER AA87E
AL} T2 A8t FFERT Ha o0 oY B2 s R
Atk 53] ST A5 2o} ot AR AT AEA
2718k e] 4= AlF7F EFERG Hal 408 oY =2
ANE Btk 35 A ANA Mlitd Al wjet A F
FrAlT e RRAFOR Yim ¢ el TS f71E T
wj e FAbete] gttt fr1Edl FERE Al Al s
Th Al =277 w9 29, BET} Fol YILFIE FHEA
o 7L AT & RS YERATH9). T3 Q134
F 8y A7 A= A RS SEA
A& AT B ofe} AL EL T2
YR AGAA Mo 775 B8 &5 2
102 AlRE T IFAE ol EAskE Al AE9] 8
gy 279k ol F2REl R2pa|gto] go] A8 ] Wil (2),
A=A A7 o] F5ellA Alete] 24de] o =4
et Aoz AlREh

B-Glucosidase A~ glucose, celluhexose, carboxy-methy-
cellulose 59 B 1B 7188l A1A monomer® E3lels &
2ol (11), AENAIGNA B-glucosidase E4d2] 95% o] o] Al
o 2J3+}(15). = cellobiohydrolaseol] 2J3l -3l H oligomert}
dimerE M¥XES 533 4= Q)= monomerZ H-38= 40|
t(14). F2E AFAEAHS] Ao} Fxr) AA1| 278k
TEFoA e Y EEE(Vmax)= SFERT 47 Ha
43.84l, 76.78] =A HEE A

FAAET} uAE o] AHEE A F71EAL vl
o, =28k M2 o] #-3, parasite infection, 5= HE2]
sloppy feeding ol 93l A== BlEES AFAd o3l
i E A 5 & de 1R EEE FAE
AA(18), FollA LEA f71EHY tiFEo] A&l 710=
Ao g BHAEGth24). weba] JAF2EAde] A8 7|HEA ol A4
ke FAIXET Aletel oal Al fr1Ede] AR WE
o B-glucosidase BAE7} AA7IEA 0] FF5M o] =& A
o2 AteEn.

Specific B-glucosidase TAHE FhS B J235 Q1F2E9)
Aot At AAE 27N 495 AlLJEkar 242t
A sulf, 3uf o) = A VR, AT Y] FSellA 558
Hoh 52 SAEE BQh &, F3pTe] FRAdEn 24
o] Za1, ARZIA7} Mlite] H&sl] & AFAHOE FAE
o] 317] wiiZel, 2878kl FAE AEHbiofilmye STE
= gE mAE AR TAE] ASS ERIsk o, 24
Z19A) o] FFpol|l A AL fU1EAY AT B, Al 4
=9 I 52 o F AF3sfodordt Aot

A2 AEAS] FAEAEA F EFERQ 840tk o]gt o]
AEANZ FoEe 3 8EF71R1(DIP)S] Hejookgt sh, A
EAE ot f7104HES Ho|Adol wt ot 9AlE A
Aok AEAE AA o8 7he e 8571919 R 5% wve]
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o
H\]
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> o 1>
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o, oS Q1 AEA, AR, = vl E] 23 77191
Aol Fel7t 90% oS 2HAFRL 210 (23) T 14HA ]
A EMvtozE 1 7)%S ¥ F fith fUIQkkE
phosphataseol] 2J3] F7]QatA | = F-3l=]o] Aoy =7
o3 FF ol SHER o] EAE FA Yol o FEES
=8l 2 #3127} FHth(13). Phosphatase= 71914 ol A
A7E 0] = Ade FURIIEGFHHE §EAE =
(inducible enzyme)Z, ?10] Ag QI FAEA A FF%
oF "H WAV Jde 31(17), AT, 2E e, AEEEE
5o] EHlgh}(22).

235 QIFAEA 7AW ©] F=F=0l|l A phosphatase #
o Ea&EEs 2o FErE AR AA7ERA s5ER
o} Z¥zk Han 436.000, 1107.18] =A] SEEH AT A4 710k o)
A9 T=rt FFERDG FH 138 o] o,
phosphatase =% 10008 o7 A vebydth. 124, &
T4k T aEe] vlE) oF ) AT =& At
o= A7 WEA el A phosphatasecl] &Jste] A3 E BE5F-71914F
B AEA7} vl F55h) vl e ddoE Alsd

gz A AFAEAS A 2= ofve} AlE
A AFS AEEE & Ak, i) A7F RAEE A=
A S 2/33813ThH6). °lelgh AeiAl EdaAdA J1E4E
el AA7EEAel AAshs wAdEe] 7Pt Fadt 9Es 9
s RIS =, 1FAEA A7 A A 2E PAE
e AI7E 2=, o]59] Ago s JPEr e 550
M 2 5o] A3 5= AT} o] A2 A F2ATY
71, AEY uAE 7H] AAE-S R T e F2 1Y

AERA o,

0% fol ox
J

Ky

INEIRET

o] A7= 2006% AUl SEdTRAAHE ATSIHS
A3k A= 29 BK21 A 9] XIS wigke

. 2006. 35 A e} A ol A

1 Aeg, Med, Hso, el
] qDVC o] H§. &

Aolle Mg 43
=) A ETE] . 42, 205-209.
2. 8FE A, AL, oA, 2000, UFAEANE o] &3 &
Y ALAY FANA. 5B AHEA=58E3]A] 4, 90-
97.
. QFEIA. 2003. Ao At AejAle] BAH. 3 &
X3 2003 =7 441-455.
4. Q)AL 2005, 25 0] 34 HAS 9l A e A
Gl EZ9H 2005 R34, Eco paradise Hwacheon
Forum Z3$]93] 15-29.
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ABSTRACT : Bacterial Abundances and Enzymatic Activities in the Pore Water of Media of Artificial
Floating Island in Lake Paro
Yong Jeon Kim, Jai Kyou Hur, Jong Hyun Nam, In Seon Kim, Kyoung Suk Choi, Seung
Ik Choi, and Tae Seok Ahn* (Dept. of Environmental Sience, Kangwon National University,
Chunchon 200-701, Korea)

For restoration of disturbed ecosystem in Lake Paro, artificial floating island (AFI) was installed. Even though
the lake water was oligo-mesotrophic, the macrophytes, such as Iris ensata, Iris pseudoacorus, Phragmites com-
munis were growing well in the rubberized coconut fiber media. For elucidating this process, total bacterial
numbers, active bacterial numbers and exoenzymatic activities of B-glucosidase and phosphatase of pore water
of media and lake water were analyzed. The average of total bacterial numbers, active bacterial numbers and
exoenzymatic activities of B-glucosidase and phosphatase were 28.6x10° cells/ml, 22.7x10° cells/ml, 452.9 nM/
L/hr and 16381.9 nM/L/hr which were 10, 15, 22 and 38 times higher than those of lake water, respectively.
Moreover, the total phosphorus and total nitrogen concentration of media showed high values of 0.82 mg/L and
7.0 mg/L, respectively, while those of lake water 0.07 mg/L and 2.3 mg/L. This results suggest that the bacteria
was playing an important role for restoration of disturbed ecosystem with newly created microbial ecosystem in
media of artificial floating island.



