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Abstract

Most harbor areas in the country have been polluted by
incoming wastewater from various sources, and this makes
formation of deep contaminated sediment layers on the seafloor.
The contaminated sediments should be digged out to keep harbors
safe and navigable to increasingly large ships. The dredge
wastewater generated during the dredging operation, however,

contaminates the marine environment again.

This  study investigated potential of mixed effective
microorganisms, BM-S-1, for treating organic fine materials(less
than 10 pm) contained in the dredge wastewater. This study also
evaluated economic feasibility of the environment-friendly
dredging using BM-S-1, and after deriving optimum design
parameters, provided a design basis for the biological treatment

process using BM—-S-1.
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Fig 3.1 Schematic diagram of Lab scale test equipment for
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Fig 3.2 Picture of Lab scale test equipment
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T FAt] X3 FFAANFF 2AAA ARG 24
b o

EE 19 B FANA A55we AAed AL AdFos
WE 2Bl ohd AA ALel N AHstel AR AW AP o
HE d< & dden A8 dE sYsAdEe 542 Table 3.13 2t}
£ A ARd MYFHEES 52 dEo=z AEE Agd 2§
B4€ A3 g
Table 3.1 Characterization of marine spoil
Parameter range
pH 6.0 ~ 8.0
Temperature(T) 10.0 ~ 15.0
DO(mg/L.) 6.0 ~ 8.0
Salinity (%) 32.0 ~ 35.0
T-N(mg/L) 1.2 ~ 8.9
T-P(mg/L) 3.8 ~9.3
COD{mg/L) 478 ~ 483
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Table 3.2 Operation condition of Lab scale test equipment

Parameter Condition
pH 6.0 ~ 8.0
Temperature(C) 20.0 ~ 25.0
DO(mg/L) 5.0 ~ 9.0
ORP +{mV) 180 ~ 280
MLSS(mg/L) 8,000 ~ 16,000
(kgBog//l\Lfgﬁé)s-day) 004 ~ 01
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Aol 8tF 50 LY #HE7 498 AS 7 29 7
A|ZHHRT)E Table 3.39] eI
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=)

Table 3.3 HRT of Lab scale test equipment

4

- At Hydraulic Retention Time(day)

FgzAz L8
SRR B !
13 7% !

27} 7% !

33 %72 !

47F F7)2% L
A= 0.67

AA AFAL 6.5
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3.4.2 PCR-DGGE 719] 23t RCM A€ 9] v|AE £3 B2

BM A9 Fio] wpE vhgx o] myE FHTE HUE 245
7] #13te] PCR-DGGE 71¥& o] &3}th.

+4 E%E PFastDNA SPIN KIT(MP Biomedicals, Santa Ana CA,
USA)2 o83t A7 F DNAE FE¢ F, A dg4dE #93
7] A8l AlzelM FE3% DNAE FH 22 Nested-PCRES T334}
12} PCRE 27F9} 1522R(Table 3.4)% o439 PCRE F85d1n o
o] Wh-g-=72 Table 3.59 Zt}h Z4zte] PCR AHEL 1 % ol7lE A~
Ao A HA71gEse] Qs 2 F 13 PCR £F4E S Fgog
22k PCR& 333l ojuf ALgd ZzkelwE 16S sDNA®] V3 9
Aol GrIMEL FE37]) Asf 40bpe GC clamp?t L 341F-GC%
786R-GC(Table 3.4)& °]&3}3lth. 23} PCR Table 3.59 Z2& uhe-
#7122 Touchdown-PCRE F83td PCR FFAES A1, €44
22t PCR =& o] 839 DGGE(The Dcode universal mutation
detection system BIO-RAD catalog no 110-9080-170-9104)& 3
AT

DGGE +#4& 30 % ~ 60 %9 F=WIdE zt= 10 %
Polyacrylamide geloll FZ4= 35 nL& FY3$ %, 60 C, 100 Vo)A
1841 A719F sodvh A7IEEel Bd AL ¥4 % Image
Analyzer(3L-20 Image analyzer Seolin scientific Co LTD, Korea)=
#Eseio.

Denaturing gradient gel oA A7} U2 SISE2RE DNA @&

sratr] fstel WA 2tz WEES AE ¥ ddE SHF 10 uLE
231 4 ColA 3% w3 & Elutiondt@oh. o]& F3 08 slo] 341F
786R Primer(Table 3.4)& Al&3sle] FE A7 & FZF3H PCR Y2
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1 % oW7tR2AoA] E<lsle] PCR Purification KIT(Sap 04-C200)&
Abgatd AAE T SolgentAle] ¥7IME ML ettt BA4H
A 71 €S NCBI(www.nchi.nlm.nih.gov)o] 9= Blast search X271

e B A

Table 3.4 List of primers used in the PCR-DGGE system

Primer name Size Primer sequence
E27F AGA GTT TGA TCM TGG CTC AG
1495 bp
E1522R AAG GAG GTG ATC CAN CCR CA
341F-GC CCT ACG GGA GGC AGC AG
445 hp
786R CTA CCA GGG TAT CTA ATC
GC-clamp GGC GCG GGG GCA CGG GGG G

Table 3.5 PCR condition used in study

PCR Condition

Step Primers Cycle | Denaturation | Annealing Extension

number | C min T min T min
First PCR | 27F&1522R 20 94 1 50 1.5 72 1
Second PCR

(Touchdown
_PCR) &T86R 15 | 94 1 05| 50 | 05| 72 | 0.5

Note) Before the each run of cycles, the temperature was held at 95 C for 5
min and after each run the temperature was kept 72 T, 10 min for final
template extension.

341F-GC 20 94 | 05 | 60 ! 05 | 72 | 0.5
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3.4.3 NEZE B SAYY

ANEIEL F4E 3T 542 A7 A8 AT
(IMO)7}F 200080 TAHE
A2 78(COD), F HA(T-N), & UT-P) 2 &4 A 7295
& usta] gES g
o

=
o]
<

d

t

f

s

Z3le] Table 3.6% 22 oz B35 9]

Table 3.6 Analytical Method

Test item Analytical Method

pH. Standard method 4500(Thermo Orion 720)
COD Standard Method 5220

SS Standard Method 2540

T-N _ Standard Method 4500(Hitachi U3000)
T-P Standard Method 4500(Hitachi U3000;
DO Standard Method 4500(YSI Model 58)
ORP ASTM D1498~08(Thermo Orion 720)
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4. A% R 23

4.1 v|BEAA 54
Aol AR v AEA A BALY EFUAEAAE 130F2 thek

T AT 2 gEE AT Yslen FAd mAE Ans Table 4.1
of YeR)A T},

Table 4.1 Identification of microorganisms in BM by pyrosequencing

Microorganisms Distribution(%)
Prevotellaceae_uc_s 22.2
Lactobacillus uc 17.7
Lactobacillus parabuchneri 6.9
Lactobacillaceae_uc_s 6.5
Lactobacillus paracasei 5.8
Lactobacillus parafarraginis 4.3
Lactobacillus camelliae 3.0
Lactobacillus manihotivorans 2.4
Acetobacter lovaniensis 2.3
Lactobacillus collinoides 2.2
Lactobacillus vini 2.0
Lactobacillus hilgardii 1.8
Lactobacillus pentosus 1.7
Lactobacillus rapr 1.5
Lactobacilius pantheris 1.3
Ethanoligenens_uc_s 1.2
Veillonellaceae uc_s 1.2
Lactobacillus similis 1.2
Lactobacillus harbinensis 1.0
Rhodospirillales_uc—s 0.5
Others 13.8

Total 100.0

Note) uc_s : Unclassified species
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ol
Al
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(i,
2

nMAE T R A4S F8 2RE A9 RS

TEA7IE AL AT 2EE A A3}
99 % homology® Candida boidinil, Saccharomyces cerevisiae= =
dHEoer APty 2E ZAils Table 4.29F 2t}

Table 4.2 Biochemical characteristic of yeasts in BM

Biochemical test Candicla o Biochemical test Candida
{Substance) boidiniy P (Substance) boidini po
creusa careisEe
L-alysine-ARYLAMIDASE - - L-RHAMNOSE assimilation - -
L-MALATE assimilation - - XYPITOL assimilation + -
Leucine~-ARYLAMIDASE + + D~-SORBITAL assimilation + -
Arginine GP - - SUCROSE assimilation - +
ERYTHRITOL, assimilation + - UREASE - -
GLYCEROL assimilation - - ALPHA-GLUCOSIDASE - -
Tryosine-ARYLAMIDASE - - D-TURANCSE assimilation - +
B-N~ACETYL- P i D-TREHAILOSE _ _
GLUCOSAMINIDASE assimilation
ARBUTINE assimilation = = NITRATE assimilation + -
AMYGDALINE assimilaticn = + L-ARABINOSE assimilation - -
D-GALACTOSE assimilation | - - Rl URONATE - -
assimijation

GENTOBIOSE assimilation - + ESCULINE assimilation - -
L-GLUTAMATE

D-GLUCOSW assimilation + + s e - -
assimilation
LACTOSE assimilation - - D-XYLOSE assimilation + +
1 Methyl-A-D~ _ _ _ o _ _
GLUCOPYRANCSIDE DL-LACTATE assimilation
GAMMA-GLUTAMYL- e
TRANSFERASE ACETATE assimilation + +
D-CELLOBIOSE assimilation - + CITRATE zssimilation - -
D~RAFINOSE assimilation - + GLUCURONATE - -
assimlation
PNP-N~galactosaminidasel - - L-PROLINE assimilation + -
D-MANNISE assimilation + + 2-KETO-D-GLUCONATE | _ -
| assimilation
| . e N-ACETHYL-
| D-MELINBIOSE assimiiation GLUCOSAMINE +
D-MELEZITOSE assimilation - - D~GLUCONATE assim:lation - -

L—S0ORBOSE assimilation - +
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ol A T FFES B4 HE 1EE ke Aoz
Lk 2}2‘:5] A HE Rhodospirillales & FFAMTLE HS =
o] o AHgld &3} Y Ao RuEa gluk(o], 2004). EI =
¥  Bsubtilis® Saxxharomyces cerevisiae: GRAS(Generally
recognised as safe)® R uEw gon JdFxAale sk ojAHo]
A A &2V e AR Baugn JYrid F. 2009). A4E
HeE 234 @ (Methanol assimilatin yeast)Ql Candida boidinir=
Table 4.29} Zo] A3 H2EoA ANd HZukgo] 4y wee
LERIR1O.H, ‘%}Eﬁ, A, ofbdAd, 7184, 84, ofmeAl ¥
Hlo] B4add BF o848 4 gl Aox Jdagr. e #dsns)
mEz AgEAGe] yor asMy T
Busn glorn H=d@gege Bi% X3 o Aoz 484 Yo
(Assam &, 2007). oo BAH Ugs #Eo
A ZRE JdEhEA wEr]e SHE2dE AAE el 719Ege 7
L8 AtREr
Pour plate method® &A% B74E 8.7x107 ~ 7.2x10% CFU/100 mL
2 UEseh BM AAE FUSE A dAdE =2 AR AAS5E
Hyow, olg mAEe 249 Aolo yelEle] kFH e A&
= IR F d Ao FAvdn

On
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4.2 A5 & H7)
421 §718 AR E 7}

w7l AAEZEES Hrbshrl Yk &l Fehy Az atEd
SCOD(Soluble Chemical Oxygen Demand)E 3389501 Fig. 4.19]
M 38d A QTRHCOD)Y g9 #2590 5 2 MLSSY
= W3E e 24 7)ke] 60Y A AJH olF Fse
e AT EFE 564 me/l ~ 592 mg/L, §&5Y F§8F i
TZFL 18 mg/l. ~ 41 mg/LE AAFEEC] 95 % ~ 99 %= JEY

. S olw] MLSSY HEWErF 14,600 mg/l ~ 16,330 mg/LE

3t
dAFHES & 5 AU

1000 v 17000

900 N 15060
2800 f" - 13000
700 / _
&G - 11000
G005
. o S000 _
€Ob 500 MLES
_ - 7000
300 - 5000
100 1000
:’3 : oo J A .,I:{};m
10 20 50 40 S50 60 7D 80 S0 10O
Bay

E +&5'!L:§é$

Fig. 4.1 Variation of COD & MLSS concentration in Lab scale test equipment
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Fig. 4.2014= 25h4 Abn @ 72(COD)Y] #YF9 frEse 3=
3t} g4 BOD &4 Fst WatE el &4 717k 70
AF olF FFe g5E raFF AAFELO 95 % ~ 99 %
vetd W BOD €453 &3 0682 dUAsA e} BOD &4 53]
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Fig. 4.2 Variation of COD & BOD Space loading concentration in

Lab scale test equipment
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422 A& AAHES HU}

HEE719] e FEFe F=FA(T-N) E59ste) Heass
Fig. 4.3°] YRt} 4 7)7F 5090 A" AlH o]THE 595

O = 20

o] FAL(T-N) & 5922 mg/L ~ 8929 mg/L, 4559 A
(T-N) 5%+ 0.067 mg/L ~ 0.393 mg/LE #8270 A 2] a4 AA

A8 93 % ~ 99%F °F 96 % 7l7to] @Ao] o|Fo|AE AoZ 1}
B}y

3L
£

Concentmtion{mg/L}

“Efficie mt:;gf%j-

Fig. 4.3 Variation of T-N concentration in Lab scale test

equipment
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4.23 4 AAEE 37}

Rbe719 ?l dREsE S éﬁﬂr = Agd A" A= <
= At FAUT-PY 4
st 8.25 mg/ll ~ 10.95 mg/L, F&F9 FE= 0.0l mg/L ~ 0.51
mg/LE YERT FA(T-P)o] AAZEL &4 JFJ% 93.9 %2 o}
€ AARL skl =A JUErgod &7 77 30d0] Ad AHR
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Fig. 4.4 Variation of T-P concentration in Lab scale test

equipment
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4.3 Lab scale #5719 u|AE B EA

4.3.1 Rarefraction curve 4]

A4 kg EAshe vAE) B B8] 48 Rarefraction
curve A4 38ke] Fig 4.590 L]rE]rLHS\’iT/}. Rarefraction curvex 2z} wt& =z

= 2817 1gelth. FEEAxR, TR, &
=5 W”E}F_’i Rarefraction curved #2138 A}

FUTH FAE B2 4o vAEo] EA% = Aow EAFYL

ml
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Fig 4.5 Rarefaction curve based on all taxa from marine dredged
sediments treated by BM
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4.3.2 Species richness ¥4

i
e

Species richness #4]& Rarefaction curve 413 ¢ o
zo) ZAE WAZY = e 413847 fgholn, 1 A1l Fig
4.6°01 GFERIAT. FUFAA oWl Friokilo] ZEr)zoA grolHt)
[e]
o

AFTHE ARl & nA=e] $HIFHAUA FhgAdo] A Fo}

o] 2=
¢ & 5 v
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*QQ&GQ@ “ .
.

EE TR
090 |
05000 |
1508000
wnae
EEv
Rir g L

38,000

Fig 4.6 Species richness based on OUTs from marine dredged

sediments treated by BM
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4.3,3 Phylum composition
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Fig 4.7 Phylum composition from marine dredged sediments treated by BM




4.3.4 Genus composition &4

Lab scale 371 Ul #3Z2Ax, 7|z, £yXdaidz, IHAEE
A2 2 Genus composition®®A 2 AASE AI}E Fig 4.8 g
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Fig 4.8 Genus composition from marine dredged sediments treated

by BM
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4.3.5 Species composition
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Fig 4.9 Species composition from marine dredged sediments treated

by BM

....47_
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Fig 4.10 Cluster analysis from marine dredged sediments treated by BM
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MAE TRAY oo R A5 nAET vz o3g
BAE Z%E Table 439 deigdnh 23 2 olAAAFY
Flaviramulus_uc, Alteromonadaceae_uc_s, Flavobacteriaceae_uc_s,

Flavobacteriales_uc_s, Bacteroidales_uc_s¥ WH% 271940l S8k

w49m




Azsh £7) 2004 wol Yeteh,

Table 4.3 Potential functions of some of the dominant communities

Speices Functions References
Flaviramulus_uc denitrification Jorn Einen et al 2006
FJ545559 s
denitrification and odor
Alteromonadaceae uc_s Sherry et at 2011
removal
] denitrification and odor
Flavobacteriaceae_uc_s Sherry et at 2011
removal
Marinobacterrum
maritimum
. denitrification and odor
Flavobacteriales_uc_s Satke, K.F. 2009
removal
i sludge reduction and
Bacteroidales_uc_s Satke K.F. 2009

denitrification
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5. 2 &

BM S3r|AE2AAE ol &3ty UFEHEE] 1@8FAe]EZA Y 50
L A2j&%2 Lab scale AHAAE Alg3dle] odg FHEES g3}
© @9E Foly the 22 A2 A

1. Lab scale &% =+ Toﬂfﬂ HRT 6.5¢, BOD €3%3} 0.2 ~ 0.6 kg/
m'-day® Wg7E 43 23 T-N, T-P, CODE Z+z} HF 91.3 %,
078 % B 942 % O we A2 KEE Jehlel 0HE HIE M5
493 4BHH A7 Assiar

2. AARNAE &3] 93 LA BOD 4223 0.6 kg/m-day,
DOFE 6 ~ 8 mg/L, HRT 6.5 day ¢l 7b4 =& &8 o]
Ao Hato] Hgo] vl L FAHOZ FHiHEY.

3. BM =3 Ad=AAE ol &ale] AIFEAHEE A Ay} ATz

GA(B, AL 2 SD)el M= gddF 2 o AA B A8 Lo 3
et Ao 2 dAaEect
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