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Assessment of Feca Pollution and Bacterid Community Structure in
Restored Section of Cheonggyecheon Stream

Youngbin Park - Heetae Lee - Seiyoon Kim - GwangPyo Ko'

Department of Environmental Health, School of Public Health, Seoul National University
(Received 17 June 2008, Revised 28 October 2008, Accepted 10 Novermber 2008)

Abstract

In 2005, the 5.84-Km length of Cheonggyecheon stream, previously covered with concrete road, was uncovered in the middle
of Seoul, Korea. We investigated microbial water quality in various sites in Cheonggyecheon stream. We took water samples
on three different days. The sampling sites included inflow water from upper stream (Mojeongyo), midstream (Ogansugyo),
and downstream (Muhakgyo). Fecal pollution indicator microorganisms were measured by both IDEXX Colilert® and
Enterolert®. Microbial community from these sampling sites was also characterized based on 165 rRNA gene sequences. The
average concentrations of total coliform are 5 CFU/100 mL, 1474 CFU/100 mL, and 1776 CFU/100 mL at M ojeongyo,
Ogansugyo, and Muhakgyo, respectively. The average concentrations of fecal coliform were 28 CFU/100 mL, 47 CFU/100
mL in Ogansugyo, and Muhakgyo, respectively. The concentrations of other fecal indicator microorganisms including E. coli
and Enterococcus sp. increased in downstream. When we characterized the microbial community, unique microbial
community were discovered at different sampling sites. This study suggests that Cheonggyechoen stream is likely affected by
non-point fecal sources and has unique microbial environment as the river flows downstream.
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THALEL tgs o@dde Yste s FFEA
Aoz we Fas FAoltt PAESHQ FHELEE
getoe = BE HAAN PAES AEVIVL ofHSEE,
dutdom iFdadH 22 AFZHLEY EX BAHE 53l
o] #o]ZIth(Cabelli, 1983). olEldt AXHAAES £ o] &
ojstal FHFA ¢Hgste thE ¥AE WAESR v A
Tok71el AEsith, giEFew Fulgd(tota coliform),

E AT E(fecal coliform), FF(E. coli) 2 FHT
w(Enterococcus) ol JoH, AERAESY aHH A=
By 2 A8 # A7 SHAAHLR BaEHT Qo
(A2 5, 20068 3w 5, 2003; U.S EPA, 2005). gt
959 FFFAXNE ojn] AFHPES o] & AFHES

TH=E

arste] U He &, ok, 2 59 2 #Fel AR
o7 i glon, IWgdT, B9 WddE, BT,
a3 WFEsel EFHO UTHETFALTAL 2006,

345, 2007).
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FEoz FAA
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gl 2 2o]E Hola . olE g
FZo] BAdHe & 5

o] dFelAes FAAY A/, FF, FAGNA 2
299 ANFUAEQA FUFgAL, 9N gTEL, NEA,
a3 FUTHY BEXE FEd FEE 25T o
o} @A HAEZLFY 16S 2
Zk Ao HAE R FES ZAEIG T

1. BES ME U S wy
AR 20073 1199 3slo] AA ASaaAch AADL
2 FFIE AFK) BAE 99 FAAeR BFHY)
A EE A5gAN oF Adsd AgE 2L 3 LS
Araie. AAR AFE BARL, FRE 045E, 2
93 SRE FHRE WP 4 de dow sk 3
g 2-3 14 ¥F Ac-Ed HE yPoz 47 3

Jeongneungch

Seongbukclgeon

2.7 km 1.9km

Fig. 1. Sampling sites around Cheonggyecheon. White round
symbol is a each site A (Mogjeongyo), site B (Ogan-
sugyo) and site C (Muhakgyo).

ENGAE, 2AHNGEL, WEFFS Colilet®(IDEXX,
UsA)E o] 1ok BUHTHS Enterolert®(IDEXX,
USA)E o] &stal ®A51%lth Colilert®s Enterolert®S o]
&3 AT Arbe 71E FAREE dAT F JE &2
o Z(Clak et a., 1991; Clark and El-Shaarawi, 1993;
Park et a., 1995), AlxxE] XAle] wat AFHAIL o]+
o2 2ok ASe BES 100 mLE ZE2E 879
7z £ FIUT &
%_

A RAwET JhHe

%
I3
Mz
e
ol

2 295 B8 Aoz A4t 108 ISR AT
10 mLel siFse BESF S At A&t FO
FFE FdS 35:05°Coll A 2447 v gatHa B
AT 35:05°Col A 2~3A17 A Bl & 21~
22X 32 44+05°CAlA Bl gt B4 Entero-
lert®& A1k Algste] EaA AP, 41+05°CHl
Al 2477 Wl gFE R WlF & 7 £ M WS E F5ty
A7 g4+AFH(most probable number, MPN)2.2 EE
9 AEMABES FFAh

o
A

+

23 EETUM DjME &5

374 A8 BEESF 1 LE T3 (membrane filtration
method) & AM&Ste] Alde St A% 7% =2
7] 045 um, A7 47 mm9 YEZAEZ 0 X(Whaman,
cat no. 7141 104) AR ARSSIATHEZ R, 2002). o7}
% oPgs g5 Esle] 3 mLe EFE phosphate buffered
sline(PBS)ol B ¥, $8F2(Glass bead) 100 pL 2
o &5 Uik, 0% BY 1A= =S 9A(Powe-
sonic 520, Whasintech, Korea)atsith. o]3 102 &<} vortex
£ ol&ste] ZstA wutstH L, o]F 3% F<F 500 g
AAEYE AAstd AFTRE AASFATHWeinbauer et
a. 2002). H4E59e 15 mLA FHsle 2719 YAEe R
B2 £ ¥ 4CoA 10%8 &< 24,000 g2 YA ETIE
AN T FFAE AASHL JAHE 400 L E+4d
PBSE A7tst & A Ff AlZith o] & 100 pLE 4 mL
o] AWl A (nutrient broth)ell 7}t 37°C, 200 rpmo.2
16717 218 wj sttt

5 F Y wF JANZRE F1mLeE IF 5=
7} 20%7} == B9 glycerol2 F7 et -70°Col 2
s, YA 3mL 5 4 15 mLALS IESY, I8N
A DNAE FZ317] 9 AEE AME3H3Ith DNA F
%2 DNeasy blood & tissue kit(Qiagen, USA)E Al-&3lo]
Azze] AAE wet ADstAThRiffon et a., 2001).

i,
N
3

2
1o

25. 16S rRNA /& X} SZ dt3

323 DNA A EZL Table 191 714§ ZElo]HE o] &
ste] F42 ZZ vk (polymerase chain reaction, PCR)<
A A S tHChakravorty et a., 2007; Marches et al.,
1998). 3 HF3 o template DNA 25 uLE H71st
Tag DNA polymerase(Bioneer, Korea) & Alg3le &
R PCR g 2g2 AxAY AAld wEba Al st
vk A4 PCR #gde FFELAHNHS7I(Applied
Biosystems 2720, USA)E A}&3le] HA|gHoH, Zglo]
W 1 st} Zloln 2 seto 2 WSS A 7 FIAEA
71€¥ PCR g Ao 74 FEs3th 44€ PCR
product= 1% ethidium bromide stained agarose gel®ll Al
100 V&2 20~30%%+ 7] ¥&3ted DNA image anayzer
2 gelstarh

9
Z3

-
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Table 1. Primer sets for PCR amplification of 16S rRNA genes

Primer Sequence (5' to 3) Construct (s) generated size Reference
63f CAGGCCTAACACATGCAAGTC Marchesi
1set 1.3 kb
1387r GGGCGGWGTGTACAAGGC et al. (1998)
V3F CCAGACTCCTACGGGAGGCAG Chakravorty
2set 203 bp
V3R CGTATTACCGCGGCTGCTG et al. (2007)

2.6. TA vector 22 (cloning) & H7|IML2M

% 39 AEAMF T 2dA(12€ 21Y) A5 HAE
A BR3 PCR AHES 1% agarose geldllA] 50 VE A7)
953 F gd extraction kit(QIAquick Gel Extration Kit,
Qiagen, USA)E At&std FE3t4ch 16S rRNA 37
A7NMEEA S 9% TA cloninge #4¥ PCR AES
PGEM T easy vector system(Promega, USA)E A& 3}
AzALe] Al wEk AL g o T4 3H
(heat shock)S &3l ToplO competent cell(Invitrogen, USA)
o @2 gtransformation) st . 37°C incubatoroll Al 12
Al A wigstda BFd" colony & white / blue
sdlectiong AlE3te] 42 white colonyE 370 (unit)E 22+
3 mL LB ampicillin brothell A wl<datich. & 36712 |l
IFE MZ2 247 plasmid miniprep kit(Labopass, Cosmo4,
Koreg) o2 AMxF EHEREE FE5F F Cosmodol 16S
RNA #32 @71 884 S st

27. ASsHH =M

63f / 1387r ZolHZ A2 1670 16S rRNA F3#t
71X <E(1.3 kb)Z}, V3F / V3R Zolmz AL 17719
16S rRNA §32 #4714 E(203 bp)E w==7HE EF3H
E|(NCBI) BLASTE ©]&3tal th& @7|AEE R vl
sto, 1379l g Ytk o|F EUE MegAlign
program(DNASTAR Inc., USA)ollA] Crusta W oz
FE" AFHE L3, neighbor-joining analysis o2
A5 (phylogenetic tree) ZFES AJATHSaitou and Nei,
1987). 9718 B4 AR 36/ F IMe 71448 FE
7F GERA] SFol AlEEHE Bl A A &5t th

3. 2t & nF

33 A5E ERSOIN ML o ek, B9y
Fd2 274 9~44 CFU/100 mL, 10~109
Eaguieh Aste Aol
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T
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aA Jebgth ZUTdS 13 FEF A+ 6 CFUMLE
Yelou F WA A WA BESFAME AEHA &
stoh SRSl Fotwe B, ST 1553~ 1986
CFU/100 mL, Egd8dd 9~44 CFU/100 mL, oz
2 52~122 CFU/100 mLZ Yelsts, ZT49 F¢ 1
A A FESFAT 9 CFU/M00 mLE AEE Y tHTable
2). HHae Hustd FFAM] RARAME SN
9 HZE 5 CFU / 100 mLZ Usgts ¥ Bz
-, g, dHT4Y 2EE HA gyt v SF9
SHRAIAQl et et Bt A vnEd 52 555
Hola it FHNZATLS A7 1474 CFU/100 mL ¢t
1776 CFU/100 mL, EAFNEH S 28 CFU/100 mL ¢
47 CFU/100 mL, &7 46 CFU/100 mL$} 87 CFU/100
mL, FWTF2 1 CFU/100 mL¢ 3 CFU/100 mLE A&
HATHFg. 2). ol= FAHY S8 we BHOEY 7}
S0 AHATRE B 5 3l

EE ZAFBAA AeAE S AX FA3HY Eo] FA

¢

N =

AAA BE ARVEEY 4% 7P B2
th

o & o ox A

skti(Table 2). dF41-3l
o AAALR fYsI 9
o] $FHEE, o
ANAEe A4Y 5 itk dudoz 3
9 AN AENAEY 5
AR F9e] EAGE Mgedde 1 900z 373

F[—F
ojx
Hu
X
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e,
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=
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my
lo
N o8
ot A O o

=tk
oj¢} A AFFol 9 g sFAYY £ Ee AstE
50 FY 5ol #HE FEZ AT A7V AP FHojoF &
RAolt}, oWl AFME= I F&t L FGIFH FAH #HA
< ¢ F AN, GA e vAE 999 F3
(microbial source tracking) ¢ F718< AF7F AP o

oF & o]t
AR #34 544 WARY 2GS AF A

X &9 #Zol IFE TE F UTHPeerl et d., 2003).
Steash FetaelA g FE3kol 3UA A Bl A
7V wA dehgth e F A8 Had o, etew
o dF 57~1094, Fstue] F¢ 14~238 I7HE S
ket ole WA A5 A 15 mmY M7 WA S
a2 |, G mE Aol gHET F itk I
=, 9w, 2 FlTaIdes 2E wEdES
2o Wstel o Ngd Aoz A4dE 5 Ak

o)
T O
FFFAAM Sgd AR 9shd, 2006 11¥€= F
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Fig. 2. Concentrations of feca indicator microorganisms at different sampling sites. (N=3) (Filled-symbol: an average

concentration of three samples; error bar: a standard error of three samples). Concentrations of fecal coliform, E. coli,
and Enterococcus sp. & Mojeongyo were each under 1 CFU / 100 mL. () total coliform, (b) fecal coliform, (c) E. coli,

(d) Enterococcus sp.

Table 2. Concentrations of various feca indicator microorganisms in different sites of Cheonggyecheon

M ojeongyo Ogansugyo Muhakgyo

1st 2nd 3rd Mean SD 1st 2nd 3rd Mean SD 1st 2nd 3rd Mean SD

Total coliform 12 2 1 5 6 1553 1597 1274 1475 175 1986 1553 1789 1776 217

Fecal coliform 0 0 0 0 0 9 31 44 28 18 52 86 3 47 42

E. coli 0 0 0 0 0 19 10 109 46 55 88 52 122 87 35

Enterococcus sp. 0 0 0 0 0 6 0 0 2 3 9 0 0 3 5
NAFEH ZAANZFEY 2330 22 1300 CFU/100 RS gQlatgrt o] 16S rRNA F3AE &y 4E
mL3} 80 CFU/100 mLo] %13, 2007d 11€-2 500 CFU/100 Aol EAstL XStFGANA e FFHoR BEEO 3
mL3 2 CFU/100 mLaiE}(E%%‘?ﬁiﬂ*ﬂ 2007). &7 £ BAAERE 909 A9 (variable region, V1~V9)E
79 AR A A 39 dFA FHRE FSF 2A ZHAA QA WAAE F3he fddds JEhiR JlthVan
T Bz s A Fstw B2 23o|th ol dAFY de Peer et d., 1996). #AoA £ wiFd wFES 16S
=373 vwsydS ), 20069 119Et 200749 1129 IRNA F349] d7IME BAs &3 A=, Adsh, &
SH}T Z AolE Bolx itk AT H+3Y ?}%‘Ol A FoA 2319 TFx 9 v B AT g
I HR] &) dEo D Hae Forsith o] &=l JUTHAE &, 2003; A+ &, 1998; Eichler et

Aty og Azt ZePdol HE JFEedu= ?é} al., 2006; Jill, 2004; Weisburg et al., 1991).

ol AFJME HFL AEE 0.3~15 mme ¥ E& H 16S rRNA $AA ZZ uhe A7 1set(63f/1387r) 9 2set
7 WEl(71783, 2007), oWl Y WsE AL T (V3F/V3R) na}omi ZZH PCR AHEe =dw, o3k
Q71 dZe €E vaes Brlestdth FAHY EHed A, Tt BRE FEpOA Qg # AATt NCBI¢
=S & d B3 setshy] AsiMe dut AUEe A BLAST XA} ﬁﬂr Z%¥ 16S rRNA 23749 F2H 714
A EFRY AAFH FFo] ZL FAEI|ERAL A7 7] &2 Acinetobacter, Bacillus, Aeromonas, Exiguobacterium
Al A28 A, B AedEd mE 09 ¥ § &3 2 FAEE Bola s 1xFHoRE st
S Brh AYs] Ao AoR #gsith aga 44 et HAEY GUIXERY vaE
3 AEH £ Hovm 63f/1387r$+ V3F/V3R =
3.2. 165 rRNA /& XAI SZ U AHSEN &M ZolH R EMG ATl BRE E7IAE2 Gammapro-
o] AT X& 16S ribosoma RNA(16S rRNA) -FA =} teobacteria®l Firmicutes 2o 2 b} T YA 63f/1387r
EAYHS 5, FAAY gAE EMste A EEY ZetolM 2 B4 16S IRNA #1749 A7IE S g2
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2 0E AsFidA & 9, FRA 2dxY Fe oA A
9] ¥7]14 Qo] Firmicutes Z(class)2l Bacillales Z(order) 4
5= Bacillus &(genus)® 2 FAME S B 1o uw
] & 719 G971 <EL Gammaproteobacteria 7ol Al 435}
Enterobacteriales &(order)# 71g &2 A S Hol
Aok GRbEQ GLaa=HYE e AYsY B &
Hao Tl A AEHe] 2 EA(spore)E 7HA
Bacilllus7} 2 €19 ol HlsiA FaiFol gk Ay
Zate] Bacillusb ¢3EC2 Uetd & itk a2,

N

i ke

o
—=

Al BAA W AEEC PAE s 4
Al da A5 il 2E A dri(shizaki et a.,
1986). 2222 FA 47 AHY Bacillus £ FA Aol
2 WF o]F HH egog o¥gd ALRE AlgHTH
T Y A A MY 9riAgel Gamma
proteobacteria 2ol A £3H= Acinetobacter ol £3lal 3
MY #7182 Aeromonas &l &3k Qlth 3R F
stwel A9, F 7l& Acinetobacter £oll, 3 7= Aero-
monas &oll, Uz 7 M8 @714 LS Enterobacteriales
o 2T FLF PYPOE VIFVIR Zo|HE

ol &d ATTE TAAT 7Y EduY =L I

i
2 2

Middle-63

Bottom+63

Aeromonas veronii (X60414)

B ottom-63

E.coli (X80724)
Top+61

Acinetob acter junii (Z93438)
Middle-61
Middle-62
Middle+B62
Middle+63

Top-62
Top-63
Topte2

Top-61

Top+63

Arcanobacterium bernardiae (079224)

Aeromonas allosaccharophila, strain CECT 4199 (5§39232)
Aeromonas hydrophila strain ATCC 7966 (X60404)
Aeromonas media (X60410)

Aeromon as bestiarum (X60408)

Aeromonas jandaeistrain ATCC 49568 (X60413)

Aeromonas schubertii strain ATCC 43700 (X60416)
Enterobacter asburiae (DQ148272)
Enterobacter aerogenes (EU047701)
Enterobacter hormaechei (EU164545)

Citrobacter freundii (M59291)

Acinetob acter calcoaceticus (Z934349)
Acinetobacter sp. phenon (AJ278311)
Acinetobacter johns onii (293440)
Acinetobacter woffii (X81665)
Acinetobacter radioresistens (Z93445)
Acinetobacter baumanni (Z93435)

oA /l= Firmicutes 79 Bacillus 4ol 3§+ 7l& Entero-
becterides Boll ZFHA ATh FF FFA LibFue}
T vAETS & /e @714 Yge] Exiguobacterium
So TIHEIT UYWA= EF Gammaproteobacteria Aol
st Ao ® UEstthFg. 3, Fig. 4).

S5 - EIYE y-protecbacterias E3l|7F g0l
AR f71&8E ol &3] meE =2 JgsH & WA
2 W go] 7t FEEEATY dFES TEST o]
Al (Wagner et a., 1993)2 1%rTHe g FF oAM=
EAskaL, debEQl FANA = B Aol Hls %2
€2 EAsta o RAHJHEALS 5, 2006b;
Glockner et a., 1999). AIHY FFETU= 5, otF AR
o o]2]§ y-proteocbacteria’t F2 EEst= AId= FAA
9 YR FES A st EAMStooF & ZAolth
BAAE 2AAQ gAst2 A, F54E o] 9]

BERE

4

e o,
4 e A
o
]

2 oo rE o

i)
.
9

e

<

o
o2

ol

I

o)

]

o

e

39,

rr

N

o)
fo o ¥ fo
W okoro mm of

I8 AEIERE U2 B
[e)

X

Aeromonadales
(Aeromonas)

Enterobacteriales
GammaProteobacteria

Pseudomonadales

P idi i (AB003165)

Bacillus thuringiensis strain 40281 (AF 155954)
Bacillus anthracis strain Ames (AF 155950)
Bacillus cereus strain 9620 (AF 155952)
Bacillus my coides strain 6462 (AF 155956)

Exiguobacterium undae (AJ344151)

Exiguob acterium sp. BO1 (AB219055)

Exiguobacterium acetylicum (2)70313)

Exiguobacterium acetylicum strain CS5 (AMS887698)
Exiguobacterium aff. acetylicum (AJ297437)

Exiguobacterium aurantiacum (%70316)

(Acinetobacten
= - Cyanobacteria
Bacillales
(Bacillus)
Firmicutes
Bacillales
(Exiguobacterium)

_
5

Actinobacteria

Fig. 3. Phylogenetic analysis of 16S rRNA partial gene sequences (1.3 kb in length by 63f/1387r primer). Each underlined Top
is the upper stream (Mojeongyo), Middle is the midsteam (Ogansugyo) and Bottom is the downstream (Muhakgyo).
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Bottom+V2
Aeromonas veronii (X60414)

Aeromonadales
(Aeromonas)

Aeromonas bestiarum (X60406)
Aeromonas media (X60410) .
Enterobacter asburiae (DQ148272)
Enterobacter aerogenes (EU047701)
Enterobacter hormaechei (EU164545)
_Middle+V1_ Enterobacteriales
Citrobacter freundii (M59291)
Top+V3
_Middle+V2 -
Acinetobacter calcoaceticus (293434)
Acinetobacter sp. phenon (AJ278311)
Acinetobacterbaumanni (Z93435)
Acinetobacter johnsonii (Z93440)
Acinetobacter Iwoffii (X81665)
Acinetobacter radioresistens (Z93445)
Acinetobacter junii (Z93438)

GammaProteobacteria

Pseudomonadales
(Acinetobacten

Phormidium mucicola (AB003165) = = Cyanobacteria
Bacillus cereus strain T7 (EU266627)
Bacillus thuringiensis isolate EGU253 (EF633219)

acillus anthracis strain Ames (AF155950) Bacillales
Bacillus cereus strain 9620 (AF155952) (Bacillus)
Bacillus mycoides strain 6462 (AF155956)
Bacillus mycoides strain L2S8 (EU221418)

Bacillus thuringiensis strain 4Q281 (AF155954) Firmicutes
2

Exiguobacterium undae (AJ344151)
Exiguobacterium aff. acetylicum (AJ297437)
Exiguobacterium sp.B01(AB219055) Bacillales
Exiguobacterium acetylicum (X70313) (Exiguobacterium)
Exiguobacterium acetylicum strain CS5 (AM887698)

Exiguobacterium aurantiacum (X70316) . .
Arcanobacterium bernardiae (X79224) Actinobacteria

—_
S

Fig. 4. Phylogenetic tree showed the relation 16S rRNA partia gene sequences (203 bp in length by V3F/V3R primer) to
reference major strains of domain Bacteria. Phormidium mucicola, Arcanobacterium bemardiae are outgroups as a each
Cyanobacteria and Actinobacteria. Each underlined Top is the upper stream (Mojeongyo), Middle is the midsteam
(Ogansugyo) and Bottom is the downstream (Muhakgyo).

A FEF0) 9ot 2Pz E VEYE, AEF, ANAY T 42 F YN FAPEE Sl AAFE Aol7] wEd,
S AVEs XAT 4F LHELe] BFEFY WA & HFzdel e SPBE AFE 7hsdol e
Aol Aqrt e Al AARRHIAEH A4, o ole 4 AEEo] EF wgsA @2 dEedA PCR
1997). ol2d &S wgoz AAAT AFAAY F7F SEHELE FAASEEAS de F W] "Ed o=
(&)t shR(Feta) ol AlHAAA " AFAH g & ddez Sdsigig. a3y & 479 S42
o FA Y (watershed) ! FUAY, =2 SLEZFEH /7] AR ¢3HES s, FAAY shFE M
E Y, S HALHdEe2REY fUE0] YA o A EHedd 7tsd 2 MIAE 23 £XE d9se A
Foz 474 oltt. 9 299 e ARVABEANM STHELE &

T AAASES A% Zol S AHER ATSHH 24 datloy, THEHANE T T Ad 2R 2AE
< &otd, 7Y e 227t T ohRe nAdET HA ke ole AnvdETnoeE FHLHYEE 54
B} AolE Holg Aoz FAHIT FRde F at7ldl= AdArge] ve AS Uehdoh ol 2=
Bacillus &3 =& fAMdS Hlth vl S/t st ARG &, 5, sl EAste MBES dTete V1%

o] MAEFLES y-protecbacteria 29 o7 £E53 =& Aez Ae” = oo

AHdE Hola o] R mAETEH FEAT Eo

FE UFE Bacillus o 4
(o]

4 2 B

9} A 16S rRNA S3RY FAR}
b

X
o
B

it

i
=
%
o
o
fru
Mz
&
ol
3R
i)
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1) AR BELFT A /fY999d FRAG(EAR)S
HAESA] edo] gAY wie don, FAA FF
(L3541 2 FFR(ETLE Z5E AZAE 59
LE=TE vad A veEth ZRCdA SHRE 2
E BHoHS AASHE PIAEC] FUHE ALSE Hot
EHOARY 2 Zog FEHT § £Wod A%
g FHR(LAFI)FEH FSAed, ol FAA
T olFd HFHACRRE EHOAEH] /4
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