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ABSTRACT: Dongchun, one of the representative streams in urban area, is a downstream that is connected to Hogyechun, Bujeonchun,
Jeonpochun, Danggamchun, and Gayachun as its upstream. Hogyechun has been mostly covered with concrete structures for decades,
causing sewage pollution from the upstream, overflow of the downstream region and other serious pollution that gave rise to many civil
complaints from the residents nearby. In this study, we analyzed 3 stations, including control station for water quality and malodor
changes of Hogyechun after applying the microbial augmentation (BM-2] for a few months including the rainy season. Amounts (g/h) of
DO in the middle site (Middle] and the downstream site (Borim) increased by 1.7 times compared with the upstream site (Chuhae) after
augmentation for about 2 months. Amounts (g/h) of COD and NO; N decreased by 2 and 1.7 times, respectively, in the middle and
downstream sites while SS increased by 7.5 and 22 times in the middle and downstream sites, respectively. Moreover, odor removal
efficiencies at the middle and downstream sites were 65% and 19%, respectively, indicating the microbial activity in reduction of malodor
in the polluted stream. The dominant microbial species of the sampling sites were Hydrogenophaga caery, Sphaerotilus natans, Acidovorax
radicis, Acidovorax delafielals, and Cloacibacterium rupense. Densities of the two species Sphaerotilus natans and Acidovorax delafieldlir
were significantly increased in the middle site after augmentation which possessed potential odor removal and denitrification activity,
respectively. Potential pathogens (e.qg., Arcobacter cryaerophilus) were also removed from the middle site after the implementation.
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sp., Streptomyces sp. X Penibacillus sp.)2 Z &) Al 25 2¢
Ul AR ol 85te] SR MIE0R A8} Gort &
=2 AN E71H 220049 A2k BA7E 9L 4 oot
(Biovankorea, 2010). 11 8-8-2] R AA|ASE 712 4~520] 43}
A3 v 8|oWRhodobacter blasticus, Rhodobacter capsulatus,
Rhodocyclus tenuis, Rhodomicrobium vannielii, 2 Rubrivivax
gelatinosus) S A2t EAof F-2h A & Ao &
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e EZ7F] J5k HakAkelE 1 (pilot scalee] 4
E5h7] g4k 9) TN 9 NH,-N o] A A-&-2 2421 50.3%
2 60.1%E H3lom, o] wf AAikel Bl ffryopikst mi g E
o] /o] ¥ ltkJiao et al., 2011). Z=A A & F4x514d 9]
840 UYL o8] wpgiszo] Mg =A s1)
L AHMicro Bubble Process, MBP)-&-4 1} T2 & n| A & 2t
(Attached Microbial Pipe System, AMPS)3-7 © & L4 3}¢]
£33 A3 MBP -4 of] 2]35)] 2]t TSS 69.7%, T-P 70.1%
O] AP mES HEl o™, AMPS 57 o] 2]l T-BODS A| A

&3 el Al Als1d Al4%

80 Hch 68.5% S ko] 2 @33} 2 shae]
Ao 71 & 4= 2 AR B EItHKim ef al., 2013).
o] A% Enl B o] ABSZY A B o) Eabn)
£0) 2182 o] g33irk

E£A19] @ AF] 51 o] 881 A= A A|(EM; effective micro-
organisms)& &-8-3FEM 230 2 11 35 A =3k )
S 1}(Koh and Ekpeghere, 2009), 21 T+& o] 11 1}&h&Ql H=
o] oo} 2| 7] eF3teh. T 2 Koh 5(2015)& 41 5o
njEe] AR WS AR A SeEdudEAA
(BM-S-1)E 2|4 Foi3to] vittEo] &9 Qlesiede 74
A4 9 94 A5 A 0.2 R ulo} QLo e ol e ¢

S-S AR H 0.2 Haket 49 A9 gl Agolck Ak
B o] A EAISHIR) BHE AT W B S
o) A EAR, AN, ALY, G, 7opHt T
AR 515 5102 thFEo] B Hof 4 ¥ Feh A
o] Hlo] 9.3 glou], 47| Y2404, 7Y 5]
AF 502 Y71 2 Qe lolA F9] AFAE 42}
3 Q1L o5k Qlek. B3] EAHe] 9X|ska Qi B
A (AT FARA 0] dotstel BAFe L] A
AW o 0 2 A FRIEo] SHHS el S A
TS Qe whebA] B AT E4ER A A4
(BM-D)E g3te] £42] EH 0. A51H2 A
2 A Ho] 31 FA ABHA O 2 o A7 B 40P
E&3to] 51300] A K] 31 87 H8kA Fhelo] 7] of sl
sk,

1 (Chunhae), =F(Middle) ¥ 3}F(Borim)&

Hato] n Y RAR T A T 2H 5 2ol A A

ST MR TR BT RS BH ARA o] o
r 2

A &A1 (Danggam)& A3t EA435HAT

Ju



MEZUHS 0|8 AstHO| 22 Y AEH0f - 391

Table 1. Geographical location of the test sites (Hogyechun, Busan, South Korea) for monitoring of water quality, odor, and microbial communities

Station Chunhae Middle Borim Danggam*

Code St.1 St.2 St.3 St.4
Latitude 35° 846.00"N 35° 835.90"N 35° 831.40"N 35°10'15.01"N
Longitude 129° 2'36.22"E 129° 32.61"E 129°324.51"E 129° 2'9.59"E
*For microbial community analysis only
Table 2. Average width, depth, flow rate and flow volume in the three test sites of Hogyechun (Busan, South Korea)

Chunhae Middle Borim
Average width (m) 1.74 1.40 1.95
Average depth (m) 0.012 0.030 0.090
Average flow rate (m/sec) 0.71 1.09 0.83
Average flow volume (m*/h) 53.37 164.81 521.24
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of| A% 454 GS FLX Junior Sequencing System (Roche)2- O]
4-5t0] Akt 12| & L] AR E A2 Chun-
Lab, Inc.o] EHo]x]o] EA A E ¢ o](CLcommunity ™
Software) & &850 A AT

Korean Journal of Microbiology, Vol. 51, No. 4



392 - Chang etal

Z4

247} 2l At

= U=

L —

si3e| Balx B TAKEA

2APIHE AAARY S seL B ARAY
(Chunhae)-&- 22.9°C, 22| &(Middle) ] 7% 23.5°C, 515
X7 (Borim) ©] 74-9-23.8°C2 Lrekeh. AR A el vl3) &
. 545 A Ho] B oF 1°C 2 A0 Lhehgh. v e
A #e] o) A9 7k A7 B pH7t AR 2(Chunhac) &
7.1, 2R Middle)©] % 7.2, 3-572]7(Borim)©] 7%
682 Bgon, o] 3 gl 7|7+ mYste] 2 44 B
pH7} AHRA (Chunhac) & 7.2, %52 H(Middie) 2] 5
7.4, 5H54) H(Borim) ¢} 75 7.5 1 9]ol A W8k R eich o
2hA] o] 7)7k0] 25 AR AA) A elo]] o gpHO| A 9]
= 8kE A5 ofe] ek sk b o] 50] 49 1
£ 279 pHiz 0 6.2-7.1 M JolA] LeRFTh(R= I AJA).

n] AR He] M) -9 AukA 0.2 DO7EoF3-5 myL
R0 9ol 4] Lehgtot, o] 5 Ael7h A Aubel
739O 1-5 my/L 2-20] W $1f A Lhehiton] gubd o] s
oF 3-8 mg/LE R AKFig. 19| 2] M= FEA|H 7/9-
715 7179, 9712 o) 2747} ehel Rio] gl FRA o] o
A A Uepgon, o) ZRAHA o] 5714 v 4R
%8 BM2 #5 E9h o] 2§l 7]oh= gict

O[MEX2| = sHHQ| sietd 2ty TAREA

a] R EZAIA A 2] 28] 7-94(5/29-7/1) 2t 5 <t COD7}
457 7(Chunhae) & 25.5 mg/L, 252 A(Middle)©] 2 -$
34.0 mg/L, 3}F7A]8(Borim) 2] 7-9-29.0 mg/L-& B o,
A2 271 & vk 7|1k s2sbsto] 7 %] Wt COD7F

AF2 2% (Chunhae)2 18.7 mg/L, £RF X (Middle)2] 7Z-$-
14.3 mg/L, 572 & (Borim) 2] 7% 12.5 mg/L H| & H3=
woiTHFig. 2). WetAl nlaEe] W] AlZElo] 1 4ES
SAE 2 ol Aol Hlal) AR AeiE S5 9 o)
COD 9| FE3= 2H7}F 57% 2 56% 2] A& Holoh Avk
Ao 2 7Y 13U 7] T2 Ante] ko g 2-16 mg/L 18 9]
EhaagHoH, 79 15Y5H 7928U 9| 7]{tofl= thA|
F7¥ohe A eFe Hlok T1ejar Al o] 59] 9= °F2-28
mg/L 2] J 915 H 3l

g 2 ABA FHART fHm) x LYBH Fr]

)| DO & e HEAY ARG BHEFS 7= o =2e}
I A Fo] BmE AJH(7/7-9/11)2] DAY BiESS

il

Axstel, AAA e AT DO U e PEYE AAEES
Fig. 30l LrehR9Ie). §2414:0) A 95 55 NHRe 4
g HSIA LTH) B 2 55 E ek gick CODY
AE S5 U SRl YoM 71w AAEES Hol 4
5ol w13} oF 20} 2] A A -8 B HTKF60%] L), o=
el o BEAR ) 280 2 Q1T £7129] Bojol Bt 3
50| )71 % B7HE Q13§24 ] Aol 7] 1beka
2 % QTR T-NE Bkl 4] SR w(13%) S5 910k A
79U SRS AL HelHFol Malh Qlek NH N 2
NO;-NE| 394, %, 3H5ollAl fAke A 0 24 PG
FOIA] 5, 72 9= AA) S WYL o= WAL o] g E] o]
FENO;NE| A2 grmufobe] A4t AL 5o 9171 of
02 PEHEick NOy-N2| B9 3, 3hRol H ©F40%9] 4]
A8E BY00] 3, 3R] EAfeks B0)4E(Comamo-

nadaceae; Acidovorax delafieldii; P A} - A 5 Z=x)

DO (mg/L)

2 .

—s— CHUNHAE
l —— MIDDLE
—=— BORIM

A,

>

<

>

5/29 6/26 7/1 7/4 7/9 7/13 7/157/17 7/21 7/28 8/3 8/6 8/12 8/18 8/24 8/27 9/1 9/4 9/7 9/10 9/11
Date

Fig. 1. Changes of dissolved oxygen (DO) at the three different sites of Hogyechun during the monitoring period. Blue vertical arrows indicate occurrences
of heavy rainfall and dark brown horizontal arrow indicates bioaugmentation period.
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Fig. 2. Changes of chemical oxygen demand (COD) at the three different sites of Hogyechun during the monitoring period. Blue vertical arrows indicate
heavy occurrences of rainfalls and dark brown horizontal arrow indicates bioaugmentation period.
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Fig. 3. Removal efficiencies of various physicochemical water quality
parameters after bioaugmentation of the microbial agent BM-2 at the three
different sites of Hogyechun.
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Fig. 5. Phylum microbial community structures at the three different sites
of Hogyechun after completion of the bioaugmentation.
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= ] ekt o m ool e of Suj 4 % Liek
o Ao mol sl shave] Aeld Sol4g wairh

51 Hydrogenophaga uc+= 1|

T fr &

.




Dang

Borim

L L 4
0.025 0.021 0.017

' L : |
0.013 0.008 0.004 0.000

Uni Frac Value

Fig. 7. Fast Uni Frac cluster analysis of microbial communities at the three different sites of Hogyechun after completion of the bioaugmentation. Samples

names “Chun” and “Dang” indicate Chunhae and Danggam, respectively.
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