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Bioremediation of Polluted Constructed Sea Stream

Using Bioaugmentation of a Microbial Consortium

Kim, Soo Hyeon

Department of Environmental Engineering

Graduate School of Korea Maritime University

Abstract

A constructed sea stream in Yeongdo, Busan, Republic of Korea is
mostly static due to the raised stream bed and tidal characters and
receives domestic wastewater nearby, causing  consistent odor and
sanitary problems. Bioaugmentation of a microbial consortium (BM-S-1)
has been proposed as an effective and economical restoration technology
to restore the polluted stream ecosystem. The purpose of this study was
to elucidate whether bioaugmentation of the microbial consortium could
lead to clean-up of the polluted sea stream and its ecosystem restoration.
The microbial consortium activated on site was augmented into the most
polluted sites (Sites 1, 2 and 3) on a weekly basis for a year. Water and
sediment quality was monitored in terms of DO, ORP, COD, T-N, T-P,
SS, and Chl-a. Microbial community analysis of the sediments was

performed through pyrosequencing. A significant reduction in COD, SS



and T-N of water column occurred by 581%, 51.1 % and 45.7%,
respectively. Chl-a concentration also decreased in all the test sites except
station 2 (ca. by 55.5%), indicating the restoration occurred. COD removal
rates of the sediment in Site 2 and Station 4 were 51.1% and 74.2%,
respectively, demonstrating the remediation of the polluted sediment.
Microbial community cluster analysis showed that the community
structures in Sites 1, 2 and 3 after bioaugmentation were differently
grouped from those before the augmentation. This indicates that the sea
stream restoration was due to the treatment with the microbial
consortium. One of the dominant microbial populations in the sites
before the treatment was sulfate reducers while the dominant ones after
treatment were Psychrilyobacter atlanticus and Flavobacteriaceae. It was
concluded that the sea stream restoration was triggered by augmentation
of the microbial consortium, leading to a systematic restoration of the

ecosystem.

KEY WORDS: Bioaugmentation, Microbial consortium, Microbial

community, Stream restoration, Pyrosequencing
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<Fig. 2.2> The view of <Fig. 2.3> The natural education
Onchoncheon, Busan, South site of Onchoncheon, Busan,
Korea South Korea

mpRI o 2, FAH FH92 839 AIAFEA AGEE G X

A2E shdoln. BRI AEshd EAdAE S FAA 1lkmol 20063 HE A

Ao 2 Rles 2oz AR A= AXAHE A& =2
o] &3 AraetTH EULE ofFo AAA, 2AAH, AHEA AFoz Y

d& MAsHATKFEIg. 2.4

before restoration after restoration
<Fig. 2.4> The restoration of Gwanchicheon, Jeonbuk, South Korea
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2.3.3 A

T A PHE 4 A3 AP L2Eg o}, v=m, A T ghitst
Al Y T

QrEgolo] Bz 9 Alterbach7te] dHHL ¢ W3 30.2km% 2
o] 10.5km, Y=} 186m HAES] FAHA 4HA] stHoE, W2 uj§ & T4t
dAPTH B ARG oY F31e dole 1.2km, s A= 8/1,000 A =0t
Y AHdolle s AdH A A 1947] sk ARE st whas A S

ATt

Ao ke FAFEN ] 2o HHA 7%
& ZRAATE Mol Mo BriHw Aok N AW £2, A
52, AE, 78 712 Ade o3 $AF FABA] HA FaHGAN A
3 SATU AEOR AN4H ST £F AL B 2
Gepkeh $A0 B4R FAHL ok D8 9dE o HUBAS
AAAE AR AR EAE 5830 el HYATE =o] B
UFig. 2.5, <Fig. 2.6>.

N

<Fig. 2.5> View of Alterbach <Fig. 2.6> View of Alterbach
River before restoration River after restoration
T HAZE, vl= v AAI I EFo] = Hotophia Creekell tis] =3 A

AFANSLOIA 19919 “ 1993 Afolo] FaE SHEY AF Aol



(Shields -5, 1995).

ANPehH 7ol AF f9Ede 9lkm’, BHEEE 1.2m, —s} & 447 77m,
SI= Zol= 374m, HAAM AA= 00011, MY AlsE FY 94A 02°
0.56mme] =, B FHFS 1.9m3/s, AFF vl FARFS 985ton/km2/yro] o).
o] #<2 1830 dth o]FHIEo] AR T ALY A T EACIELY F
AR W3R SR/ shH 2 H A FHo| shdo] FobAItrE 1930 o] & sk A Bl
of 34 ZHE ATFA FX FOE I s st spdo] A A H 7

A3k,

Q'L

B FAL AAHeR TA F A5 1d2 9emol A 22cmz o F =0

7b 3 g siHE 15em AEE FASAT oF AAAH 24 A FAZE
1 3750 A= A F7HskAth

ol ImolA 2m AE=Z S Zo] ngz sl
= Al 715S LIt HAE AdHew &

Aok e/ A Wl A4S SRS Lm A= Qolz gem A gl

<Fig. 2.7> Hotophia Creek <Fig. 2.8> Hotophia Creek before
before treatment treatment 2 years after
treatment
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<Fig. 2.9> View of Trinity River(california, USA) after restoration
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<Fig. 2.12> Enka River before(left) and after(right) restoration



2.4 BMe| wvkAQl

Jm

A4k A duFGoE Qs BE H e A9 fFFIIE FAH
ol# & Azt EAl tlx3sl7] ¢18] BM(Beneficial Microorganism) &-3}u]
AE A7 2 F A &4 Eok AF M-S A= AA g &of
NA e 432 =1

BM(Beneficial Microorganism) &3tu]EA|A(BM-S-1)9] SAH o2& Frhof
do] Holuil frlES Haxdst] EalstHA Fa g o WS oAt
o adHgs 2 e A3 g e AeE A JvkKim ¢, 2013).
3 Mute] 0¥ 4 AHPgdE a7t g AoE RiyFH gJomKim 9,
2012) &% 771 g5 dyE A5 sFELAE A, AAA 5 - d5 A%

edH st Al v, A, A okl A&l ks
g Ao R Holw, AZAF, AF 2 J&AAAA T JAAAZF Mol &
o

BM-S-1& FA43t= F8 VAETHEXS 7|5 <Fig. 2.13>, <Table 2.1>¢]
7k2} A Aeh .

59.3%

Lactobacillus
sp.
|
1.2% Ethanoligenens sp. Acetobacteraceae 2.3%
~ —

Rhodospirillaceae

22.2% 0.5%

<Fig. 2.13> Microbial community composition of a microbial consortium,
BM-S-1



<Table 2.1> Putative functions of the Microbial community from the

consortium, BM-5-1

Microbial community function
-Making acidic conditions
by utilizing glucose

-Producing HzO»
JInhibiting pathogen growth

Lactobacillus sp.

Inhabiting in guts of humans
and animals

‘Fermentign glucose into
succinic acid or acetic acid

Prevotellaceae

-Acetobacter lovaniensis

Acetobacteraceae : producing acetic acid from
alcohol under aerobic condition

-Utilizing organic acid and
Rhodospirillaceae ethanol
-Photosynthesis using CO»

-Adapt to treatment of high
Ethanoligenens sp. organic wastewater
Inhibiting pathogen growth




A3 AEFA 2 T

31 @d75% 3 49

7€ AFAHE AES A, tRES b A3t AMYe "o A9l o
st O ATV AP Foh F, A IAPH AT Atele FolrR 77t
o glon, B A AL mAE AATS o83 A WH JA O
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<Table 3.1> The test criteria to water quality of the stream

parameter
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
I - 7.8-8.3 <1 =7.5 =<0.3 =0.03
II - 6.5-8.5 <2 =5 =<0.6 =0.05
11 - 6.5-8.5 <4 =2 <1.0 <0.09

<Fig. 3.1> View of the constructed sea stream at Dongsamdong, Busan,
South Korea and location of drains of run-off water

<Fig. 3.2> View of one of the typical drains at the stream
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Al | F4, AE, 5 4E FFIE, 74EH&EE 2 o FE
L TN Aol et 13 37 &, 4 S &5, AF 3 FE, FAEA
47 =S BA59TKFig. 3.3, <Table 3.2>, <Table 3.3>. <Table 3.4>oﬂ LHE}
W AF o] F4s AT FFIEGEFE 14, FA, 715, A=A
(=&, 9%, pH, DO, ORP), $~&(COD, SS, T-N, NH", NOs, T-P, PO, Chl-a),
AHECOD, Il thste] EAstH o™, HexdFe nAEFHI thate] =
AF3ka et

lolA A% QgsleH £ AZE VANDON A571QLE
2 Attt =2 A& 500ml HDPE bottled] &8 t&
W2 A9 o) ofo]xubio Gof APHE FA FA EA5ATE A
2 A&+ VAN VEEN GRABZ o] &3t HA=ES A3 st HDPE bottleol] &
of o]F & Zulx A3t tFig. 3.4>.

<Fig. 3.3> View of sites for water and sediment quality of the stream



<Table 3.2> The location of sampling sites of the stream

St. 1 St. 2 Site 1 Site 2 Site 3 St. 4 St. 5
35° 4 35° 4 35° 4 35° 4 35° 4 35° 4 35° 4
Altitude * 21.72 ° 2060 ’ 2446 ° 2856 * 33.95 ’ 41.43 * 47.87
” N ” N ” N ” N ” N ” N ” N
129° 129° 129° 129° 129° 129° 129°
Latitude 4’ 5.65 4’ 313 4’ 398 4’390 4 3.00 4’211 4’ 371
> E ” E " E > E " E ” E " E
<Table 3.3> The sampling date and analysis items
Test samling date Analysis items
1st 2012. 07. 04 water and sediment
2nd 2012. 08. 04 water, sediment and water flow
3nd 2012. 08. 30 water and sediment
4th 2012. 09. 28 water and sediment
5th 2012. 10. 10 water and sediment
6th 2012. 10. 23 water and sediment
7th 2012. 10. 31 water and sediment
8th 2012. 11. 23 water and sediment
9th 2013. 02. 08 water and sediment
10th 2013. 02. 22 water and sediment
11th 2013. 03. 06 water and sediment
12th 2013. 03. 14 water and sediment
13th 2013. 03. 21 water and sediment
14th 2013. 03. 30 water and sediment
15th 2013. 05. 11 water and sediment
16th 2013. 06. 08 water and sediment
17th 2013. 07. 23 water and sediment
18th 2013. 08. 26 water and sediment
19th 2013. 11. 02 water and sediment




<Table 3.4> The test criteria

Criteria Analytical items
Water flow Section of the stream, water depth, Watre flow speed
Environmental

o Temperature, Salinity, pH, DO, ORP
condition

Water quality COD, SS, T-N, NH*, NO;*, T-P, PO,”, Chl-a,

Sediment quality COD, IL

Ecosystem Microbial communities

<Fig. 3.4> Sampling of water and sediment for analysis

ORPE= @A ol A YSI550A, YSI63S o] &3t =AY Alge g5y By
W2 Standard Method ¢} FHFAHAIEH & Fste] <Table 35> ¢ &2

—j-a"E U]Ag% ]Xﬂ BM S 1E _.1_ ?‘SH{-FFH Z%F'/]Oﬂ %—9—_0' OT 7(‘13] 4_;5’_‘(;]
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21gF DNA %2 Power Soil DNA isolation Kit(MoBiolab, Inc, Carlsbad)& A}-&
st dAsklem, Pyrosequencing ZIRioll o7t o 42 ol ¥ (Hur
2], 2010l wetA $-A1 16S rRNA gene?] Variable Region(V1 ~ V3)-2 Fusion
PrimerE &8st FFstAth 18jar olxd e R (Chun 2], 2010)ol whehA
LibraryAl 2 3o d7IHE &4 454GSFLX  Junior  Sequencing
System(Roche, Branford, CT, USA)E &85l 3T

flo

<Table 3.5> Analytical methods for samples from water and sediment

Parameter Analytical method
CODwn Standard method
SS Standard method
T-N Standard method
NH*-N HS-NH*(N)-SW 15000 (HS-3300 UV/Visible Spectrophotometer)
NOs;-N HS-NO3; (N)-SW 13000 (HS-3300 UV/Visible Spectrophotometer)
T-P Standard method
PO, -P HS-PO,*(P)-SW 16000 (HS-3300 UV/Visible Spectrophotometer)
Chl-a Standard method
COD Standard method
IL Standard method

34 AZFA HAEAABM S-2)9] gl F8 2 Fo P
il

Eot2Eo® AxF Stond] WGII(E7AA HEHE A A sAH. &
24 mAEAABM S-DE BE0.3%) 2 20.3%)9] viA A TLIE A
(25C F-D)oll A wiFet = o] Mk AQ200L)= Fx= 4tond] Fofste] E7
04 343t A2oA BGSE AFHATPH 4 ~ 4.5). o] F widd AFS oF
2~3AZkol AA Site 20 FAstlon, o]F oF 7 ol ANEFE AMFASA 2
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Al 4@ dTEy 2 1

THE ES FARE A, tiZ7[R) 250m, Station 1 480m, Station 2
420m, Station 3 450m, Station 4 200m, Station 5 200mE YERAATE F41&
ZASE A3}, R 1.25m, Station 1 0.85m, Station 2 0.74m, Station 3(=Site 2)
0.96m, Station 4 0.81m, Station 5 1.32mZE ERH AT}

<Fig. 4.1> The investigation site of water and sediment of the constructed
sea stream at Dongsamdong, Busan, South Korea
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el AEHAH S FLF TS WA 53 274 YR BH 9
3 gEAe 2N ofF W 44T sFSE AR Aol ARH G
2 WA Bk GG oY s19) M $F n4Re Fel oF 5
cdzde] Hale] =9 MellE 9T WA Aew waln

50
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<Fig. 4.3> The water temperature changes at the test sites of the stream
during the test period



4.2.2 9 &(Salinity)

A &4 AP A 0.2~0.3%= YEFYATE. 53] St. 2, 3 ¥
2 @A YERT St 39 A= 6}%?%9] SHHUANA FHE B
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<Fig. 4.4> The salinity changes at the test sites of the stream
during the test period
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<Fig. 4.5> The pH changes at the test sites of the stream
during the test period
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during the test period
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<Fig. 4.7> The ORP changes at the test sites of the stream
during the test period
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<Flg. 4.23> View of the stream 401 days after BM-S-1 treatment

46 d15H BM-S-142 ¥l MAETYH} B4

mAEAA BM-S-1& 24 sid Ao &8 A9 Ag A3 mA=
T3 W3lE Pyrosequencing”] < Ag-3te] gelstgdth.



4.6.1 Pyrosequencing 71l <3 w|AE 3o W3 vz (A F & 1A
4 733
4.6.1.1 UNI-FRAC 71" 7%t A48 WAy E 4 A= v

7 4HE e T WSS F AAE vas AA & 32 e
£ ol g3ke] thest ol dehidrh

[
5
=51

AA Ag Hel A= HH 1 (Control St.; St. 2 AelstaE= 7 (Cluster)
I 9 Mz BEg5Aq9. & I+ Site 1 2 Site 28 £33l oM, I+ Site 3 2
St. 42 YERT ole AHE AY ASE dAZ AR AT 7Hrke]l QoA
Lol H el %% FASHAl e A2 FJAR o] FoFE ov|3
020 s 474 A2 082 23999 IS Hs F dSS AA
SHTHFig, 4.24.

Control St

o

Site 1 09-28-12

Site 3 09-28-12

<Fig. 4.24> The cluster analysis of the test sites based on
UNI-FRAC analysis of microbial communities (before
BM S-1 treatment)



3H, Ay Fo A9E thxF(Control Station; Station 2)& A|Llslars
MSite 1, Site 2 2 St. 49 = NGSite 39 2714 A= EHAG o=
BM-S-1& A&|&d A5 A AHY nAELIAFZRE HsiANA 7& AY A
o Ry Fd= Eﬂi‘r AN g dee drEtdt. 53] Site 3= Ag &&0]
AR E5dE EFst U B gl JA7t o] FoRn F,
COD s&Y 1 Af &&= FHglel HA7 o] FoRs & + ANTKFig.

E3] Sitel ¥ Site3& Site2E 7|Eo &
T3 Fgoly CODAlA &&o] &y

=
=
BEAT LPBAFE S Aolo] 715 A

Control §1

Site 3 10-31-12

S1410-31412

—

Site 1 10-31-12

<Fig. 4.25> The cluster analysis of the test sites based on UNI-FRAC analysis
of microbial communities (one month after BM S-1 treatment)



A A T BE A AHS 2ol I EA(Cluster Analysis)s Al=gH 2
7, tizF(Control St.; St. 2)& AYstae 419 HIYZ FEo] =S H<Fig.
4.26>. & A3 1(Hg F9 St 4, Site 1 F Site 2), A U(H A Site 3 =
St. 4), A MHE A Site 1 2 Site 2) lﬂl ANV & Site = LEF
Wb, dhkzE o g Xg A3 Siter HMEE TR0 Ha Ed, o]& BM S-1
o AA AHg F HLoe] st = ﬁ‘ﬂx—ic’d nNAE T F4e A W)
A Fee oudtt 18y HIY 1L E o= AE FASF Groupe 2 F 37}
o]FojA L YoM A&HoE AAE MY A I FAES 0 F
71 Zlo® Atmdnh 28a FJANKHE F Site = YA & JAAEH
© FAREZE 7P A e =T, ol BM S-19] AFE &) mAE
TR T2 Wt o] FoA L ot o] A A AEHHQ QHEAY fFYL
2 et I #RHFEIF OE AYGH g 43I So]Ho g o] FojA 1
=< Yt

l

>*~2

Site 2 10-31-12

Site 3 09-28-12

St4 09-28-12 /5

<Fig. 4.26> The combined cluster analysis of the test sites
based on UNI-FRAC analysis of microbial communities



4612 BM-S-1 A 2¥ 3¥d F2 @Y€ ECPhylm), %(Genus), 3
ZF(Species)e] +EH 3 V= 4

E(Phylum)e] FFAAE Site 1, 2, 3 2 St 49 ALE A=
proteobacteriaz= #+43sh= 4¥S Rolal oy, Bacteroidetes @ Firmicutes=
=7V AES R UKFig. 4.27>, <Fig. 4.28>. 18] a1 Site 22] Fusobacteria+:=
Al gl wi-g- AASA UHEsth wekA BM-S-1 M8 E AIRY A9 Y
T FEidA HAETHY W7t dojds & & AT

%(Genus)e] F=Foll A= Site 3¢ Sulfurovume] H$ A7 & ZFAE H
<Fig. 4.29>, <Fig. 4.30>. 1¥4} Flavobacteriaceae_uc®} Desulforhopalus 73-$-
zbzy St 4 F 1olA Frbste AEE Hola th weka BM-S-1 A g
=% A4S nFE & FEoA BT Wl Lojun ol F SFef

o

—31—
e ofn

Al

Ll

Z(Species)e] ol A= St. 49 ZA-$+= Desulforbaceriaceae_uc_se| & A st
725 YER Sl oY Flavobacteriaceae_uc_st= @43 F715 Hola itk 1
Zla. Site 2 o)A+ Psychrilybacter atlanticus o] A3 ZF71E Holu
Sulfurimonas®] dAgF TFAE Holil Jrh.(<Fig. 4.31> 2 <Fig. 4.32>) wbA
BM-S-1 A& AET A5 g4 Tl rAETHY Hsrt dojuH

g =] olFofde & F AAT olF FolFHU
oM ARXFTOE &8&F ZOo=E HolW, F
3 O A=Re d7E St 8T Zavt Aok

E A BAA My T FHFAET X Site 3ol T Az

$o FoFY =WWHIE BASIATKFG 433, =dFo] F7hste F

Flavobacteriaceae

-

o

uc_s, Bacteroidetes_uc_s % Anaerolinales_uc_sZ YE}CS
H, Zastes &2 Desulforbaceriaceae_uc_s, Alteromonadales_uc_s %
NOR5-6B_sZ UESTE & BM-S-1 A A 22 A- oA Fd mE =3
H=9] WH3tE Hola =dH o= BM-S-1A4A7} aﬂOﬂ A8k A
E4S5 AFoEA HAES] AHZAES HSANA SHTY B2 E H3AZ

S dee olma,



E-—cr\lm

éﬂﬂﬂv
il

EEEHNER

&

<&

ﬁéﬁ;

_Lﬁ?‘"

s
&
o
o

<Fig. 4.27> Distribution of the dominant microbial phylum
before treatment



B Control St
M Site 1
M Site 2
W Site 3

mst 4

2 ' (p%

S

& &
qé‘“&. @"f&é‘ﬁ &

<Fig. 4.28> Distribution of the dominant microbial phylum
one month after treatment



¥15H

£ eusE
CHuSm
TaysHl

'35 |943uasm

<Fig. 4.29> Distribution of the dominant microbial genus

before treatment



W Control 5t
mSite 1
m5ite 2
BSite 3
M5 4

<Fig. 4.30> Distribution of the dominant microbial genus
one month after treatment



B Conirol 5t

w M
mwﬂﬁf
FEE G
HEEE

<Fig. 4.31> Distribution of the dominant microbial species
before treatment



B Contral St
mSite 1

o Site 2

= site 3

WSt 4

435

<Fig. 4.32> Distribution of the dominant microbial species
one month after treatment



H Site 3 (09528,2012)
H Site 3 (10/31/2012)

25

<Fig. 4.33> Changes of the dominant microbial
communities in the Site 3 before and one month after
treatment



4613 BM S-1o] 9% A7 AF ¥ WAEISe] BE

2y

puh
o
Rul
X
Jm
2

Psychrilyobacter atlanticuse €] Site 1, 2, 3 ¥ St. 404 F71E Hola
A+=dl(KFig. 4.34>3 <Fig. 4.35>), ©] %<& Fusobacteria®= S 2 A F47}2E A
ARSEaL A oA FAdo] e UEHW stgdES ARAIE 98< gt
o5 By JqtHZhao ¢, 2009). o]= BMel oJsf| o] Fo A&7 o] =4
Hi JdSs 9vlsted, eFEdE Bt I A EAs 25T

AT,

Psychrilyobacter atlanticus

Control St Site 1 09-28-12 Site 2 09-28-127 Site 3 09-28-12 St 4 09-28-12

<Fig. 4.34> The distribution percentage of Psychrilyobacter
atlanticus for each site (before treatment of BM-S-1)

Psychrilyobacter atlanticus

13
: R =

Control 5t Site 1 10-31-12 Site 2 10-31-12 Site 3 10-31-12 St 4 10-31-12

—

<Fig. 4.35> The distribution percentage of Psychrilyobacter
atlanticus for each site (after treatment of BM-S-1)



BM-S-1& 843 T3 749 Desulfuromonadaceae_uc_so| ®WI=7} 743}
oS & F J=uFig. 4.36>3 <Fig. 4.37), ol= AA A2 Aste] vl
$74¥W3HORP &7},  DOZE/F ® F71E9] a2 A3y
Desulfuromonadaceae_uc_s7} A1213}7] ol8]& Ao = ulyALSS 9 u| 3ot
Desulfuromonadaceae_uc_s< &, %43t d4d & AAFEAZ A8t &

714 TS ste Ae® dEAa ok

Desulfuromonadaceae_uc_s

2.5

1.5

o . . ; =

T

Control 5t Site 1 03-28-12 Site 2 09-28-12 Site 3 09-28-12 St 4 09-28-12

<Fig. 4.36> The distribution percentage of
Desulfuromonadaceae_uc_s for each site (before treatment of
BM-S-1)

Desulfuromonadaceae_uc_s

2.5

15

.
. — =

Control St Site 1 10-31-12 Site 2 10-31-12 Site 3 10-31-12 St 4 10-31-12

<Fig. 4.37> The distribution percentage of
Desulfuromonadaceae_uc_s for each site (after treatment of
BM-S-1)



BM-S-1& &Aool T 79 Sulfurimonas_uce] W=7} &A3] 7HA3HA
€ ¢ & JEdKFg 4383 <Fig. 43), ol AA A= Aste] uin
A WMSHORP F7F DOF7F B #71E9 HA)E st o] Fo] A248t7] of
He o2 nHASS 9rdc} Sulfurimonas_uce 3HS, H29)& o] &3}<]
gargd o g W3 & = (Sikorski 9], 2010044 A Fo] o] EA ]
Za7h doiubA 2 AEVF AT Ao ' FS5o] Hu o] tigh A H <] A
E7F Hes Hog Hr

Sulfurimonas_uc

2
i

Control 5t Site 1 09-28-12 Site 2 09-28-12 Site 3 09-28-12 St 4 09-28-12

<Fig. 4.38> The distribution percentage of Sulfurimonas_uc for
each site (before treatment of BM-S-1)

Sulfurimonas_uc

Control 5t Site 1 10-31-12 Site 2 10-31-12 Site 3 10-31-12 St 4 10-31-12

<Fig. 4.39> The distribution percentage of Sulfurimonas_uc for
each site (after treatment of BM-S-1)



4.6.2 Pyrosequencing 71®ell <3 wAE F3 W3 vlm (X F < 84

=3

Ag F F8 F WMFE BA St 2, Site 2 F Site 39 E Al A9=
SRBe} Z& @74 mAd=E9 WAool Aoy AHZrh gl uwEhbA
Flavobacterlaceae®} Robiginitalea sp.&t 2o &7]A4 wAE2] WHAo] AATH
(KFig. 4.40>, <Fig. 4.41>, <Fig. 4.42>, <Fig. 4.43>, <Fig. 4.44> % <Fig. 4.45>).
ol AA Mol o3 FrIE- Edvt A wet 2 0] @ F
SAoA 5714 FH g ®WstEe oudt. ol Ag 9 DO 7t BF
I} I gty vH vlw 2 COD ¥ A& COD7} w2 St. 49 9= SRB
Z3H)go] A e oY} Flavobacterlaceaed] - o] e TKFig. 4.46>.
wEhA St 48] Bee FAoE FAHT SAUS AART

Anaerobes dominant

35 '- = s;zgazma—‘—

3 st210at12 Jf
SRB
m 5t2 052313
c 25
=]
£
= 2-_ '
=
=
L ‘
& 15 ,‘
o
=S
1 -
0.5--—[— — — B
o h | n | i b b I||,.|I,I||, ‘Illl.‘llullulll ||I||
R N B T A I B SR T S S T S N N B W TR . R TR T R 7 S R . S S N ST S ST TR TY
p s e bbb 4 o 1 13 1133 1113 1 1 111 13 133
352 e3 3533933533555 3853533053800
@ | i9ga 1 1 11 (00 11 ilo 19 |7 Ige | 1 1 1@ | I=1 | 103 11
Qe nTo o =N g = l—*fwmorm_—vwwl-wm'-sm'-'-g—'-m
coeodomoeomce lvg | lo ot Inpe=leoe lowm |9 | I8 I
feScsSsosogioan s Es R E5 R8s snsaean gusacndy
§ESSecEc el RS s asE CFE EcgoRES
SogohagsmmMLITrrmCuogtTgeREw® cspgE¥asulsoc
T O ax o L EoEhESneba =] @ =
55588856y B3Es3y S5E0cgSEEEIRSL £E 2386
Sg8F5c8ee8 <3587 gEgogPeigsEass g3 39T
5932 seE 5« ogxk 2383 ccE 2258ch E »x
gEoEgc2es 55 §3: °3" goE< o3 8
253 ]
0f ©0afig: ccs o [ »
o i o &
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after(103112, 052313) treatment of BM-S-1 (St. 2)



1
1

v

S FFEZrINL

EL TR ETET |
STON{TZ662ERT

s 0N sajelplyso|

s on” sajejpreyoolldg
an"67cpoL6LDH
an"wpequRy

JURUIPaS 1910 EqRO Y

s N0 p|EduLeR

an"B-060L6LOH
s on aeasedPEqOpoYy

Site 2 103112',

= Site 2 052313 l l

OALULAT LALRLL nd

_..'1.,!1,:] IL

S||BI20 S SO, yo
on"B"ZgzeL 08y
S”¥869S£09D
STZ00YPEr
an~6"yg0gern3
an"bggosHON
an"B” 9691 270y

“Tenajoe qoajosd elumieg

8”66 IE0ZDH

S _06¥06LDH

s7ON" SAjElJEWOIYD)

s an"y"z5z5108Y

s on"eyap eqoajeadelag
an~seuownn

5 DN Sa|EpEU oW 0B )Y
ST6.6¥9Zr
an"endsijeyeony)
S_YFSHON

s on sajesajoeqojAdwesn
an~67gzg16vN3

2N WnAoINNg

| s on~ sa|a EUljolBEUY
s on

sa|eplasaloe g

s on aeaoendsijeyeoiy]
s on aeasepeysondsg
S_99SHON

s 0N sajelajorqojnsag
an" 16 nynsag

-

Anaerobes daominant

—
—

uonnquisia %

*on” sajepRUOWCINYNSA
~“apadepEUOWOIN NS (
D S 9N aEadeuUajIEqoAe|d

s 0N @eadeiaPeqod@H

. s £g5L00dY

s |ZZTITNA

= S79N"J GHON/OONO

S 0N 2EaJEIAOEOJNSA (]
N SEUOWLINYNG
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<Fig. 4.43> Changes of the dominant microbial communities before(092812) and

after(103112, 052313) treatment of BM-S-1 (continuing Site 3)
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