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A Field Research on Mud Flat Remediation by
Biological Treatments
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2 o @g Aol nYBAAL Ca0 A S B HRHES BASIA FEUYE B vBET Ca0, EFHo]
B4 Hat AAE 100m 2719 2t el el d6ker) Amstol 677 WEY A, F AHelLEPE pH W ORPL:
3 pH 70]3}, ORPE= 27| ZH-178 mV ~ -188 mV)o] H|3] - 121.06 mV ~ -142.06 mVE thi Aslqict. 7aztera)
CODO| 79, 2 WP} glglon] Aaeh o) AGE i mh Uil muok ARkl Hukiie] wheh Tzl
To] Wolxli: Aake mlen Ak Ase] A9, Ca0s9} vlAEAIA ] TR SABAA H2(7.3%)5
OF MANIS R A ok AL O3t ol Fwe] B713HE o)A QABIS] o8] AR WAkl
SEoR g2 AN Y2un ol wet & Ake] FEE By Jot GA6.1%)2 olojxl Auet merHich
TR 919] A9 £7] SE7b e & SATPE 0761 mefg, POPL 0529 myyE MO 9 Mzl
A TP 29%, POPE 318%0] g2 nlgRAAETE Qo] 85 oAA7l Ante etk

Abstract A field test on mud flat remediation was carried out in order to observe the effects of the treatments such
as microbial dose and an oxygen releasing compound like CaO, The size of each treatment site was 100 m’ and
the dosage was 3.6 kg per site. The 6 week monitoring showed that pH on two sites was below 7 and ORP increased
from -178~-188 mV to - 121~-142 mV. In Ignition loss and COD there were no significant changes. Meanwhile
nitrogen and phosphorus concentrations changed: ammonia concentration decreased both on control and treatment
sites. Nitrate nitrogen decreased more on combined treatment site than on single microbial treatment (11.3% vs. 7.3%)
probably because the extra oxygen supplied by CaO, formed more oxic environment so that the facilitated nitrification
might produce more nitrate but the nitrate would be much rapidly released into the water layer out of the sediment.
That also explains the total nitrogen reduction(6.1%). Similarly, T-P and PO,;-P reduced by 29% and 31.8%,
respectively on combined treatment sites, resulting from the phosphorus release effect though the initial concentrations
of the two factors were considerably high.
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A 2 % sle el oggslE e e
AJA|(Oxygen Release CompoundS' ORC)Ql Ca0, ¥
MgO7h AF8H3L glouk o= ek 9 s10) o
HBE BHoR ASRAEHL lom BT At 9
SFE AT, S Aol disto] 28E A7 A9
R Agolch. weha R ATolAE Ay AeAE =
& A|7]2ix} AEA )] <2 (Bioremediation techniques)2]
g s1e s F8uES B A (Ca0)E
ARgSEO 24 T 7|4 u|APES] AYE S (biodegradation)S
A8t egE2dE A =2 2o WE aedH 7
AE FAEskE FAO] B

HAA|(Ca02)9} 1+
& vJUES olgaic) T %—1 Aete Al &
732@4 HE R0l okl 571 9el B 2
g o|5 #sl| AREH= AtaEAYA(Oxygen
Release Compounds ORC):= E-gAo|n] E(H,0)3} ut

$5}o] Calcium Hydroxide(Ca(OH))Z H}F+=d]| o]A-&
5|%jZ0] 7o) Fekol(Suspension) Tk 2 M TH o
F A2 §A]SFHA QlAFE o] Calcium Peroxide 2%
2 A5 59 Eiltransmission)S A6k, 1
FOor dHo] s2K(hydration) == H]&o] AlojH R
KTl AR AA LA LR WEEE 54
=

| XEA|A(Microbial ~ Agent)== M&M  BioA}2]
M-1001& F-Jste] AMESIGl e I A4S A, A,
S Acto] MAHolA] Helgt 4500)F] HEEHE &

r°1‘

¥ X o |o

AE=7) Hold Bacillus sp. 5%
, Cellulomonas sp. 13, Saccharomyces sp. 1522 11
$o A3 Ausigon, ZAgASEe] Hold
Lactobacillus sp. ML-101 13, 23kpa 9 ofHLjo} B
sfjgo] T oj Rhodobacter sp. 2E2 A3}tk 18]
o pefe Be] WS SHstel 6%e] AsmelA
S0%gEe] AHe Rl FRE HEHoR A
aal ngEAAE g AR HA BEEtEs 8
Ak, 57189) o selo] ol olgel el
3 Qepgiio] sheE TAe] BlARY A7)
woste] ekl WeE AAIS skt H4A
melSfe] AG A 3 & a5k

Maltodextring A}2-5191 11, n|AYEQ] &g
olal W o ujoFE uAES FE5l] <t A
E2 Gelatine2 ©]-839ch AA|IE+ A], Maltodextrin
40%2} Gelatine 60%2] &3} Hl%g B3l uAEAAE
AzxstAom tf7] Fo +E3 HEHA A U8t
ARE-3HATE.

, Streptomyces sp. 4
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Sampling Sitel= 1 13} o] A4 Wal AW
el FAukEel AR ZHHE*(Fig DE - 34°93°N,
127°92.5°E A8 7}2 x A|Z(10m x 10m)=7]2] =
Teb AuEats Akl vl dEAIAIL Ca0.2t vl
eakste] st AIZl AIAE AESHITHFig 2). AH|A<f
AFZEFRL 3.6kg/100m' 2 Fojatglon] AE XHHL 7+ ;L
2 AR 37|2m x 2m)2] 934 Z|FFFAIL
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[Fig. 1] Sampling Site
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[Fig. 2] Schematic diagram of experimental site
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slelz] BARH o g E|AE9] pHR} ORP(oxidation
Reduction Potential)= E|FEZHE A4S £33 F
pH(ORION model 210A, USA) 2 ORP(Thermo 3 Star,
USA)E Z7s3ieh a4 (Ignition Loss) &2 E|
A& 10 g& FFLE ARA7]AL 550CoA FEer &
A Aole] we garwemne Ak
COD(Chemlcal Oxygen Demand)= &Zba)Ad pakrbibz

Ho g =435} om AVS(Acid Volatile Sulfide)= 3}
BAwon FaesIc. 54 H4E 2 g8 BAol
2% 5 7 Bol 70 F, 18 N GAHHLS0) 2002
shate] QA AE E9k WL FUAT T AT W
Aol W% o) =3E 2ol AVSE Attt ol F3)
ARIS] sl WA S e skl
o Algo) o]8%E 3 HXTLE (Detectop Tube NO.
201H, GASTEC, Japan)2 A]&s}ﬁu}

A 9 oAY FBHE BAL HA EFHE 20 g2 ¢
el A7 AR Al GPCETmmE. of]
1 sjjet ¥ sleel ufek sk NI NOWN
c:___jel—aﬂ TWERELE o 2 Baste] AAY ALE AL
170 F heg-Te) SULUS BIA Aoleg
elsfo] ]l akslol 543 i) 3}
2 =981} NOsNE Clojxspgow
543 nmoj|A] ZA3}%T, NHy-NL Qe od 640
nmoj|A] =74 }93\1:} T-P2} PO,-P= 8RO E Ab
FIPOLP)FE R WIS TS oA
2 018 Yesiglon] 885 nme) 75
% Jolct. = 72 UV-1800(Shimadzu,
gsigon slo) AEue AT
of zsfel AAIstict

l AEAA W ARLEAYA(Ca0) 2} MAFEAAE &
o At ARRRE A Ao ndE FHHIE
ZA317] 93l PCR-DGGE 7|HE |83}t Fast
DNA" SPIN Kit for Soil(MpBio, USA)E AM-3lo] DNA
£ F35to] PCREMS-S 35k3iTh 12} PCRE

primer

27F, 1492RE ©]&3to] &% & DNAF 16s IDNAS
PCRE 435l Felstslal, 16s tDNA V3 region
Touchdown-PCR& $=3)5}o] 2| =X 3}9it} o|uff AL
= primerb 40719] GC-clamp7} £-& GC-341F& 0|83
© 1 Bioneer Inc.(Daegeon, Korea)ol| A F& - A5}k
04 ARE-8HATE PCR HEE-2712 95T of|A] 5-‘17& =7 &
A7 3, 95T A 30% <t ¥/AJA|7] 1L, annealing 2=
= Z7]° 65Cof|A AlZFste] o 2 cyclemfr} 1 CH 7hA
s AAska, 55C7F W 15 cycled o #38=S
5t 30-7E7JL HEEAIZIAL A $18ke] 72TCoA 45%
bk & §50§ 72Co| A 1087 A2l ¥he g o}
2 1% Agarose gelo|A] A7|95S =3

Touchdown-PCR2 4=3)5}o] -8 PCRAMES
%], Denaturing Gradient Gel Electrophoresis systems
(C.B.S.SCIENTIFIC, USA)2Z DGGEE <33}t
Denaturing gradient gel> 10% polyacrylamide (37.5:1

ARt

=acrylamide:bisacrylamide)©]] urea®} formamide HAA| S
40%0A] 70%712] FEGH7E ALK OR FAHEEE
ShAT; ZEANE 20 WS 1oading—a}oq IXTAE 2h&g-ol

oA 60°C, 60VE 16A]7F xmogo % EtBr(ethidium
bromide)S ARE-SFe] ¥A B CN-1000 Image System
(VILBER LOURMAT, France)2 251t}

Denaturing gradient geliollA QJ2]7} th2 Wi==2 X
Bl DNAGHE 3ot} 71z eg A2 § 32
ZE422 AH T, TE S4E8N 25 wE Hriste], 94
Ea](13,500x1min)3}3L, -70CoA] 58, 50T A 52
33] WSS 2, QAR (13,500x Imin) S Sho] AN
Fslach 2 =0 A 3423 DNAZ €| primer 341F
o} SISRE A 2 st A 22 AR At o
71 EE 24 ©]&|(Solgent, Korea)s}gich o= R e
o]z ¢7]A<¥ d|o]E]ES NCBI(National Center for
Biotechnology Information) BLAST(Basic Local Alignment
Search Tool)& E3&lo] 7P AL ) =28 n|E £2&
gl e BE Folo] 1 5SS 40%}@;}
ag3 oE 2ol $AME BEelEA SPsS
18.0(SPSS Inc, Chicago, IL USA)S ©]-&35lo] FAER
2] (Principle Components Analysis, PCA)S
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]
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ORP, IL, COD, TN, TP5& AFANA 2097 &4 7t
AT}, Fig 13} 2o] @ Awst Aus] Aske oz et
Sk @A AN BE - 3022 mVE S80I
o E3| COD: B 27.93 mg/gdrys FEH23.4
mg/g.dry)ell HISf[8] 3] w2 Ae & 5 ASUTh vt
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[Fig. 3] Preliminary test results for mud flat contamination
in Sulcheon area
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e Aelo] W AW BUS Sldt WY 484 A7

4 qlglon] mUBAS An AR Ca0rE B3
Hejat e 7o) Akt - 39 A9} 65 At Aol
~188.08 mVolA -121.06 mVE Th2T(-178.73 mV
oA - 142,06 mV)el H]3] tha A5hE TES,

Ca0y 8 TARAA Helol ofat Zreiziere] wisks
27 e spokh el Ho) AU 20.60%~
3L10%= AS] 7] Uehton] AAE He10.1%)
BUTHB.9%)] SIXI3E FAAEIRT} el 3hgES]
4212 Bolrh HARe] §71% Fake] A|3el COD

2] 3.9 COD %X 15.48~26.38 mg/g.dry= 2] A
I} Z 2polE HolX| gttt o= HANEA 9] SAA T

51 MS2 WS3 WS4 WSS W6 uST 4S8 1SS

pH
© = m oW ok n oo o w

0week 2week 4week 6week 0week 2week 4week 6week

‘Treatment A ‘Treament B

Operation Time(week)

(2) pH

uSl m§2 m§3 mSd w5 m 6 w87 wEE =80

Concentration (mV)

owek | 2week | 4wek | owek | Owek | 2wk | 4wek | owek

Treamment A ‘Treatment B

Operration Time(week)

(b) ORP

[Z12! 4] Microbial agent 2 Microbial agent?} CaO, Z3}t
2ol ofgh tix7-eF A2l 9 pH 2 ORPH
3k (a) pH (b) ORP (FFA & 7|7HS 25= 7HA 0
2 33 &%)

[Fig. 4] Changes of pH and ORP on sampling sites when
microbially treated (Treatment A) or microbially
plus chemically treated(Treatment B) for 6 weeks:
data measured in triplet biweekly

5] 52 HS3HS4ME3MEE NST HSS NS

Concentration (%)

Treatment A Treatment B

Operation Time(week)

(a) Ignition Loss

BS1ES2 HS3MS4MS5 M6 R ST 4SS 1SS

Concentration {mg/g.dry)
B

0 week 2 week 4week 6 week 0 week 2week 4 week 6 week

Treament A Treament B

Operation Time(week)

(b) COD

[Z12! 5] Microbial agent ¥ Microbial agent + CaO, 2]
o ¢t thxet x2] 9] Ignition Loss 2
COD3}. (a) Ignition Loss (b) COD(EAA 2]
77k 27 HHo R 33 27%)

[Fig. 5] Changes of Ignition Loss and COD on sampling
sites when microbially treated (Treatment A) or
microbially plus chemically treated(Treatment B)
for 6 weeks: data measured in triplet biweekly

T-NEZ H3lE #aet 23Fig 6(a), 2 2|79
T-N%EL 1,525 ~ 2.283 mg/g?] FEEZE B} X
2] Fol= ZF AeqtoA & o] YETh ndE
AAT A2l Lol A= 85 A3}t A, T-NEZ7F S444
S AQlst F53tgick v Ca0,9} £33 2]gt 3o
Me BE AN T-NEE7F fashl 3 & 5
At BAREA 9] SAIA R Aot T HAlY] ATt
FaT AYadE HolA| gFeka = A ARt 2o
T gle AeE Yeth

NH3-N9| 73, 2 238 A 9|s}al Ca0,9} v &
AA L] kAo ogt 84S AT 5 QS ckFig
6(b)). HA T A tofAe] 27] dHU ol =
0.665 ~ 0.917 mg/gO Z 8FT o= S8 (0.615 mg/g), S
(0.518 mg/g) AL A 93}l 0.696 ~ 1.013 mg/gs =
Hoh= UefA] ookt & Aeltolli= 27 dEY
o}] Tl 0,753 ~ 0.952 mg/gC. 2 kel e To] Ha|
oha A YERgoY 83 Fol= S1(0.883 mg/g),
$8(0.801 mg/g)2 A|L]E}IL 0.436 ~ 0.654 mg/g O &2 A

Zast 702 et 4% 2 63 F o} e

>
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Haades £ 7 Aol diste] §ofgt Zpolzt
lgom Eakx gl AL} 22k 0.73, 0.628 mg/g OF
ddA o] vl 13~20% T FastiaS stk

NO»-N9| 7%, & 9l 3 A LoAe] & Hh=
vrehbA] kgt o A2 e] A, 27] NO»N 5%
L 0.04 ~ 0.06 mg/gO 2 85 Tofl= 0.046 ~0.081 mg/g
o8 HAHOR thh otk EF Aol Y] 27
NO»N HE& 0.035 ~ 0.082 mg/gO & UERFon] 83
$ofl= 0.038 ~0.073 mg/gC 2 HThE ZFo] YERA]
= Stk

NO;-N9| A9, 23 H2|FolA CaO,2FE HAiks}
9 S0 oJgt Aabg Aad] F715HE HAThFig
6(d). WA &Y A Lo 4] 27| NO»-N 5= 0.566
~ 1.002 mg/g @& A7to] Zusto] uwha} S4, S6, S7A|H
= AYstar AHer SRS Belvy 23 At
A% S1, S8 -2 NOx-N %7} 715 ¥hHof| vz
AN e Fadhe B 2ok

BS1 WS2 HS3 WS4 WSS 56 85T 6 SE 159

Concentration (mg/gy

0 week 2week 4weele 6 week 0 week 2week 4week 6 week

Treatment A Treatment B

Operation Time(week)

(a) T-N

BS1 M) HS3 WS4 MSS H S6 88T 8 SE £ 8

Concentration (mg/g)

0 week 2week 4week 6 week 0 week 2week 4week 6 week
Treatment A Treatment B

Operation Time(week)

(b) NHy-N

01
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

51 mS2 wS3 WS4 S5 m S6 557 588 189

Concentration (mgfg)

Treatment A

Treatment B

Operation Time(weeks)

(¢) NO-N

14 WS NS HS3 WS4 WST MSE N ST HSS uSY

Concentration (mgfg)

0 week 2week 4week 6 week 0 week 2week 4 week 6 week

Treatment A Treatment B

Operation Time(reek)
(d) NOs-N

[12! 6] Microbial agent W Microbial agent + CaO, *]2]
of oJgh 2o} A2t AaA e Wik
(a) T-N (b) NH3-N (c) NO»-N (d) NOs-N(FHA]
Y7k 2 HH R 33 £7)

[Fig. 6] Changes in nitrogen concentrations when microbially
treated (Treatment A) or microbially plus
chemically treated (Treatment B) for 6 weeks: (a)
T-N (b) NH3-N (¢) NO»-N (d) NOs-N

T-Po] A9, 27] 2L 0615 ~ 0.870 mg/gO2 1
E9H(1.07 mg/g), 1AATH1.22 mg/g), FHTH1.73 mg/g)
of ujs W2 FAZ Yehton 23 X2 Bt
28%9] F<l AAEE H3th POP= &34 F7I9
(DIP)¢] FEj2 2AMAZS £A%E 2ot o] 19
1)} ol w2 =& 2A8kL US5S &+ Ak
%27] POAP HEX 0411 ~ 0.663 mg/gO.2 A2 A - =
of At AolsPl Lhebth. % ik oRbA R Bl
AeltolAs & WH3F dojubx] gh& W, 23 A
Tol M B 31%2] AARL HPon B3] S9HHE
0.663 mg/gollA] 6% =, 0.262 mg/gO.2 °F 60%9] 717}
& AP ERS el SR ZulERE 429 6
T 5% ESFAYE S o oF 33% F= Ftaart v

o]

Heg o 5 AUk

ki

B8 mS2 mS3 84 S5 mE6 HST WSY )

Concentration (mglg)

Treatment A Treatment B

Operation Time(week)

(a) T-P
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(b) PO4-P
[Z12! 7] Microbial agent 2 Microbial agent + CaO, 2]
o ot qhzTe} Aelel oA shehE wak
(a) T-P (b) POsP (A 7IIHE 25 THF o2
33 %)
[Fig. 7] Changes in phosphorus concentrations when
microbially treated (Treatment A) or microbially
plus chemically treated (Treatment B) for 6
weeks: (a) T-P (b) PO4-P

=}

A5 At ozt Ao AEoAE JFe
A= T23 AL A 3] FIE(AVS)E ST
IHFig 8), T - T AP FEHY 27| B3 5=
L0013 ~ 0.042 mg/g.drys LERFo He] o] A
= WS Ay 23 Aol Al s6xdS AlelstaL
&+ 29% =0 Faart FEHAA ekl ol
ARRA o] AYE B, treatment A7} Bt 0.02 mg/g.dry
ol Hk3f treatment B+= 0.013 mg/g.dry © & 35% 37}
BHRanrt AR FoAstA 1E

I

iih)

o2

AL of

NS W8] W83 WS4 WS WS6 ST NS N Y|

0 week 2week 4week 6 week 0 week 2week 4week 6week

Treatment A Treatment B

Operation Time(week)

[Z12! 8] Microbial agent 2 Microbial agent + CaO, 2]
of o3t thzet Ao FUA ekE W
AVS(EAA Y77 & 27 HAC R 33] 34

[Fig. 8] Changes in AVS concentration when microbially
treated (Treatment A) or microbially plus
chemically treated (Treatment B) for 6 weeks
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= TEHsE & FARY 2E

FHAFol| A o] ZA W3S PCR-DGGE7|H o= HAs}
ek 1 A}, Ak 2 e EAA A2 whE 2
A Ao Meke A e oreleh 2t 2
9] 7WA|9~= DGGE imageAtol YERS bands -2 Z+
bands®] densityE Foll 35H4 - JEEH Ao whE
F9 93 9 WHIE A9 4 ok AP A tfzA)
+ bands 27} 35702 UEpton 65 Fof nlgEAA
(B) ¥ & AAC CaOACYE EF A3t 3 Egh
3536702 el Wk gigloLt Hele] mE e
4T A, AEE Y 29S BE F 5 Atk

2 9),

[Fig 9] CaO, H m]BEA|A L] Thd- 23t 2]of upE n
e 2R (A d2HE7)), B: 5% HEA
A(6F A1), C: 5% Ca0:2} v YEAA E3H65F
CED!
[Fig. 9] Microbial Flora Analysis of field test samples
treated by single dose or by combined doses: (A)
Control (no treatment at intial time); (B)
Microbial agent (treatment after 6 week); (C)
CaO; plus Microbial agent (treatment after 6
week)

oj2] bandF #71<} W74 F-51% 77] band] §
719 BAZ7E EYE Genebank®] BLAST serach
o]-g3te] 16s DNARHALS] H7IHEE
alignment3lt ZAIE Table 19 YeRJich 2 Ax},
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Marine bacterium(band no.1)@} Bacillus aeolius(band no.
4), Pseudomonas sp.(band no. 5)& thZ(A)e} &3t #]
ZTHC)oll A= A3t band 2 HA =L TdH 2]E(B)o
Ae Fo) ARG Aoiden Zolst. Bacllus
acoliusie vEHshE ol 7188 Halshe 54
2 AYal JAtH9-10]. Staphylococcus sp.(band no. 2)&
H] 25T band 3, 6, 79] ol iAol H]s)] Azl
A tha Fal At band2 WEE =4, Oceanisphaera
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[Table 1] Base sequences of 16s rDNA read from DGGE
bands
DGGE NCBI . Similarity
. Closest strains
band  accession no. (%)
1 AY149624_1 marine bacterium sp. 97%
2 Z26905_1 Staphylococcus hominis 96%
3 GU371691_1 Oceanisphaera sp. 93%
4 AB362281_1 Bacillus aeolius 93%
5 JF766689_1 Pseudomonas  sp. 99%
6 Z776663_1 Pseudomonas marginalis 97%
7 DQO071265_1 Bacillus subtilis 95%
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[Fig. 10] Similarity test for microbial flora after microbial
or microbial plus chemical treatment: (A)
Control(0 weeks); (B) Microbila agent(6 weeks);
(C) Microbial agent+CaO,(6 weeks)
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