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Water Quality Improvement of Stagnant Water using an Upflow Activated Carbon
Biofilm Process and Microbial Community Analysis
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ABSTRACT : The capacity of natural purification was limited by the interruption of natural flow and the problems such as
eutrophication were occurred by nutritive salts accumulation in stagnant stream. Moreover, the inflow of non-point sources causes
non-degradable materials to increase in stagnant stream. In this study, an upflow biological activated carbon (BAC) biofilm process
comprised of anoxic, aerobic 1, and aerobic 2 reactors were introduced for treatment of stagnant stream and SS, BODs, CODp,
CODcy, TN, and TP were monitored in the upflow BAC biofilm reactors with continuous cycling. In order to simulate stagnant
stream, the lake water of amusement park and golf course were stored as influent in a tank of 2 m3 and hydraulic retention time
(HRT) was changed into 6, 4, and 2 hours. At HRT 4hr and the lake water of amusement park as influent, the removal efficiencies
of SS, BODs, CODwmy, CODc¢y, TN, and TP showed the best water quality improvement and were 69.8, 83.0, 91.3, 74.1, 74.7, and
88.9%, respectively. At HRT 4hr and the lake water of golf course as influent, the removal efficiencies of SS, BODs, CODwp,
CODg¢y, TN and TP were 78.5, 78.0, 80.2, 74.9, 55.6 and 97.5%, respectively. As the results of polymerase chain reaction -
denaturing gel gradient electrophoresis (PCR-DGGE), microbial community was different depending on influent type. Fluorescence
in situ hybridization (FISH) showed that nitrifying bacteria was dominant at HRT 4 hr. The biomass amount and microbial activities
by INT-DHA test were not decrease even at lower HRT condition. In this study, the upflow BAC biofilm process would be

considered to the water quality improvement of stagnant stream.

Key words : Biofilm, Fluorescence in situ hybridization(FISH), Microbial community, PCR-DGGE, Stagnant stream
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7h-dl HRT 4 hrol A SS, BODs, CODun, CODcy, TN, TP] A7) &&0] 22} 69.8, 83.0, 91.3, 74.1, 74.7, 88.9%= 7}
2 22 24 A ZAE 4 4 ATk oo HRTS 4 hrE 148l 224 A%452 AL 1) SS, BODs, CODwn,
CODcy, TN, TPS] A|A &0 2+7F 78,5, 78.0, 80.2, 74.9, 55.6, 97.5% SA=IQUct, ZF Aol 2 wAE 33 Wshs
PCR-DGGEE AMgsto] B4 23 §948 224 A2 wA|gol uet njds 2ol Welrt yebgeh £3 FISHe|
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FHlof - oldE 28, M+, 24E 4= SF, FISH, PCR-DGGE

)

X o2 do m fO
Mg L O J
40

N
==

Ok

1.M2 & 9 B2 2hag] FaKe] AXT gk 53 Y B4
of g AR FNEY QB g E3) WE 4 9)
ste] Mol gl uel olETHE A L £AS 2 b Ad Tl WEA] £ UL Fusjopwit e

T Corresponding author : E-mail : leeth55@pusan.ac.kr Tel : 051-510-2465 Fax : 051-514-9574

CHEHEZZSES|X| | MI327 M1& 12010 1€ |



24 Korean Socity of Environmental Engineers
Q0] - OIF= - #HT - H715 - HeiF - Ol

Colane | eirrrre] An . otk = T ot
- - - * -T|
e . a3 i bm“.lr......n..,“. S
Stogromt —
Water
e - W B
Fig. 1. Schematic diagram of an upflow BAC biofilm process.
U A4 B9 2pe A0l 80| JhEo 2 A4 o|t} 5.6 =3t FISH (Fluorescence in situ hybridization)
o] AaEil RYYE= et 279 v vAlom A WS ol st AEY W FAE eSS VX Hles
e A oh2eF 22 2 A7 e wizell ol & st e 4= 9ok FISH= AlZZW DNA & RNAS 574
7] $15t dA+t7F Zasi target strand]l AH29] DNA E= RNAQ &4 Az|H
AR5 2 B3] 34420 £ EA mpol W 44 ML trad7be 27 (oligonucleotide probe)& &0 =2 n|YE
Qg A7t 2 paEofgith 1Y) 7] &9 HA oo 4 = S WHelth D & 349 HA A AAE 27 ¢
NS T U 4ba S, 748 AE o8 s AlEd A o &4 21 HIA] L HdEA AA Aol FA F2 nAE
A 9 AR oFF 5 e A8t A 1Y T nAE B4 o) Wste] Jaks e Alolekal 7Hsth
U Lawson 59 A9 Aka Fo] 93t 27 A 2R gA 22 e v E S 546
A F AR Ak Fgo] ofRAIA| ¢hot AN AL A4 %tk INT(2-(4-idophenyl)—3—(4-nitrophenyl)—5-
okchal 31Tt Eok A AlE o] QlF AlEA 95t 4~ phenyl-tetrazolium chloride)~DHA (dehydrogenase
AAD 9 A RS o8-8k S Al TR acctivity)= G7]E0] AJESIH o7 Hajd u Axy} £4
ol vlsh =4 A3} aso] AU 7IE 234 L 8S WA E| AU =4 o] o] A|AE= Y E o] &sto] Ay Hapa
7= o] thEL 7hx| At Qlth A A (dehydrogenase)s £33t n|&E SAEE ZA s}
A 34 DTS ol 8oto] o4 A Y &  Wolrh s & AollM s A=Y ANS Al &
2 g o5 e HEES AASH: 7Igolth & 1k Aets St A& AT Aok S et
A E A FHoR AREHo| frow, §EE Sl 3715 Mgt §9 FF9 ¥l & HRT (hydraulic
7184, a9, dEYol 55 e e Ao r retention time) ¥t W& #4 A ANE Frskgle
W HER7IEE Aol agEQl 3o dEA Sl o o] PCR-DGGES} FISHO|| 23 n] g & 73 4] dujel 5
2t e 348e AA o 3 Ao =l A A ante] FHBAE A8kl
HE R fU1EAY FEF AAd 2t o Aol
o}, 3tH, PCR (polymerase chain reaction)of 7]Hkst
DGGE (denaturing gradient gel electrophoreses) 5 2. Azl 4l ditd
< o]gsto] Edwt ol FAE AEY U nAE S
34 4= lth. PCRS £4 DNA F9IE S2A17|= W 2.1, LR SYE M0 - 2 2
oln, DGGE+ DNA WA w0l 7} Q= gel /ol Al 2 Aol A AR AR Rl AAle 8 AAE
A7 =M DNAY H7|AHof whe o] 5= 0] 2jo] QU3 Aok 2" e 342 Fig. 10 Uehd viek 2
£ ol&sto] nAEY tfS siAshe EAMEESH B o 12 JAE (5 L), AR (4 L), 271124 1), 37]2%

| Journal of KSEE | Vol.32, No.1 | January 2010



KEES TR W
o AT I U B U OB 2 o

Table 1. Operating conditions of the biofilm reactor

stagnant waters Condition | Flow rate(n*/day) HRT(hr)
lake water 1Q 0.048 6
1.5Q 0.072 4
3Q 0.144 2
pond water 1.5Q 0.072 4

*() is mean value.

Table 2. Characteristics of the stagnant waters used in this

study
Parameters lake water pond water

1Q 1.5Q 3Q 1.5Q
pH 7.5 7.4 7.4 8.7
BODs (mg/L) 16.8 12.5 8.0 8.2
CODcr (mg/L) 49 .1 40.5 29.3 28.6
CODwn (mg/L) 20.5 25.4 12.4 13.7
SS (mg/L) 24.8 28.2 26.7 30.8
TN (mg/L) 9.5 5.8 3.4 1.4
NHs*-N (mg/L) 1.3 1.2 1.6 0.1
NO3~=N (mg/L) 1.2 1.2 1.6 0.0
TP (mg/L) 0.2 0.3 0.3 1.6
Alkalinity (mg CaCOs/L) 54.0 57.0 57.0 79.0

@ L), #F 22 FAx 4.5 D2 A=At FAke 9
7}z

2y 20%(v/v)E BT GAHE S8t
>

P
SEF Y AET A9 24 275 Table 10 HE
oleh et 3789 A4 A2 w3 =E3h7] st

Table 3. PCR primers and probes used in this study

=2 S Z}7} 6, 4, 2 hro] H=
F 2AER 2 AA e o
ouj Zt 2049 FY4+9] 5442 Table 2

G
oleh 34 &4do] A& o]FoiF7] meel &
2

AR
2e e 349 4 A aed Bk
TS 27 Aokl dE2Qd 2 F=
< B4319th NHy -NS AA3 (Bran+Luebble—Auto
Analyzer3, SPX Co., Germany)g ©]&3s}o] £43}% 0
H, BODs, SS, CODcr, CODwn, TN, TP= E3H 2 FA
FuhEe B2 2489k NO2 -N, NOs -N, PO,” —P
+ Ton Chromatography Analyzer (Dionex ICS-1000,
USA)E o]&sto] A48ttt pHe
model 520A, USA), 2% 4 DOE YSI DO meter
(Model58, USA)E °]-8-3F01 STt

pH meter (Orion,

2.3. DNA =& # PCR &5
Zk ikg7]o M 2 gAE AHF st 22l 89 100 mL

d
biomass 0.1 g2 B4 1 mLof|l A-&3)A1# PowerSoilTM
DNA isolation kit (MoBio Ltd. Co., USA)E ©]&3}]
DNAE F&33th &% DNAE 0.5 mL FH9o] 10 m X
Taq buffer 2.5 xL, 10 mM dNTP 10 gL, ZZ+9] primer
0.25 pL(10 pmol), DNA template 2 uL, Taq DNA
polymerase (Solgent Co., Korea) 0,125 yL& &7}st U
WAl s F7kste] F 25 uL7b HE=S PCR stock
solution& A Zs8}3ict,

2 Ao AH8E primers Table 317 Zt}, 16S

division target microbial group sequence(5' to 3) FA(%)

EUB27F AGAGTTTGATCMTGGCTCAG -

EUB1492R ACGGGCGGTGTGTACAAG -

) EUB518R ATTACCGCGGCTGCTGG -
primers
Eubacteria

EUB340F- GC Clamp— -

“GC Clamp CCTACGGGAGGCAGCAG -

EUB338(1l) Eubacteria GCAGCCACCCGTAGGTGGT -

Nso1 90 Ammonia-oxidizing CGATCCCCTGCTTTTCTCC 20
probes f—-proteobacteria

Ntspa662 Nitrosospira spp. GGAATTCCGCGCTCCTCT 20

Nit3 Nitrobacter spp. CCTGTGCTCCATGCTCCG 40

‘GC Clamp : 5'- CGC CGC GCG GCG GGC GGG GCG GGG GC - 3'
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Table 4. PCR conditions used in this study

Primers

PCR conditions

EUB 27F/EUB 1492R

9 min at 95T, followed by 35 cycles of 1 min at 95C 1 min at 53°C, 2 min at 72C
followed by 10 min final extension at 72°C

EUB 340F or GC-EUB 340F/EUB 518R

9 min at 95T, followed by 30 cycles of 1 min at 95C 1 min at 53C, 2 min at 72C
followed by 10 min final extension at 72°C

rRNA (ribosomal RNA gene)E Z%3}17] 9|3 £4 EUB
27F<} EUB 1492R primers AH8-3to] 16S rDNAE 53
311, FEH AHES template® AMESIIL EUB 340F9}
EUB 518R% primer® AR&3le] 16s rDNAQ V3 HES
TH330 DGGE 245 §13 PCR 559 74 @A =
752 Table 4914 UHetWfiglth, F3%¥ PCR At
purification kit (Bioneer Ltd. Co., Korea)& A3}
g A sk3it,

2.4. DGGE ¥ FH& 24

PCR A= 30 uLO dye solution 10 yL& &3t
DGGE gel®] loading?t 5 60T, 200 VoA 9AIZF 59k A
71 9Eee AAsAT. A7 4E3 gel2 ethidium
bromide® & 3087t AMAIZl ¥ UV transilluminator
(Uvitec gel documentation system, UK)E AM&3}¢d
band profile= 2213} th, DGGE profile A2 ZF band 9]
A} A== Fingerprinting I Informatix Software
(Bio—Rad, Hercules, CA, USA) L2113 o] &3}o] 24
519101, SPSS v14.0 (SPSS Inc. Chicago, IL, USA) <

o) §3t0] AR BAS SHalgch

2.5. FISH
7} BEg71ollA e gAE AFstel 22 &9 100
mLoll Y3l 253 71715 7hsto] BEvus
25 89 | mLE IxPBSE 23] A Hslx
=]

o
4% paraformaldehydes F¢sto] o} HF 52t

Y
ASHS A 7Bl thA] 1XPBSE 33] A4 & 1xPBS9t
50% EtOH 7:3 (v/v) H[&=2 &3HE &5 o] 4TolA
12417k Hatste] EPSE Al AsH EPS AAHE &S o
4] Belsteo] A5 AA T 1xPBSS Wol —20Cd Bt
SFeiTt.

MEL oA =22}t Azt (0.1% gelatin@t 0.01%
chromium potassium sulfate) &4 02 FYA|7] Sefo|=
$](8—well marienfeld, Germany)oll 4 L& Bojx=2|al &}
Arzxsit AdxE &etolE=s olgE (50, 801 90%

ethanol)o]l 22} 284 &4 230 A ME9] g4

il

Al

2 o] AHgH oligonucleotide probex= EUB
338(I), Nso 190, Ntspa 662, Nit 3°]W ArgH
oligonucleotide probe®] 7|49 Table 3o YERHS]
o}, Probe?| #FF % 5 ng/ul3oH, probedl wheh 2|4
9] hybridization §h-g-¢0] o]Fd 4= Q=& formamide?]
=S gyskalth

Hybridization ¥+8-2 &% €% [0.9 M NaCl, 20 mM
Tris HCI(pH 7.2), 0.01% sodium dodecyl sulfate(SDS)]
£ AHESto] 46 TolA 3AIZE Bt AAIEISIT o] % 48T 9
washing solution [20 mM Tris HCI (pH 7.2), 0.01%
SDSI& AH&sto] 207 AlAstglon, F714o=w
diethyl-pyrocarbonate (DEPC)Z A3t 5 AA7AX 3}
ek, 2= Aakel WHe Manz 597 Amannl0 2] Hlt o
Foko] ekl

FISH ¥h3-2 v}zl Al &= neofluor A2} axiocam©] %+

il

)
ol
o

¢

17 (Axioskop 2puls, Zeiss, Germany)< At
Akt 29E % olwA| Y] nAE #x WA
visual digital image analyzer (Zeiss, Germany)

stof Ao,

Mo Mz oo v
ok

1
o flo & ol
+f

]_

[¢]

o o | o

2} Ahezol A 24 gAHIE 7AW 50 mLe| 2 890
Hal, vortex® 43t AE& 7hoto] Ao et g4
At &Ho] gejE AEUE GF/CE ofFsto] 110TlA
A A2 5 WSl o] & Ax AN 3] FA AE
vlaste] 24 wkg7|W F2F vldEsE A (D3 2ol Attst
AT,

A=A Y == ng)

Attached biomass(mg/L) =

2.7. INT-DHAOI| oJst D|ME &NE EH
2t HhgzolA 24T HAE

=
Y3l vortex® 73t AEe 75t Bt EEAA AR
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Fig. 2. Concentrations of water quality parameters when lake water was treated by the biofim reactor; (a)SS, (b)BOD5, (c)CODMn,

(d)CODCr, (eJTN, (TP,

£ ZHlsksich g2eE AEY ARE HdYsHA £ £ 15
mL9] cap tubedll Al& 5 mLE Fa}sid}

0.2% INT(2—(4-iodophenyl)—3—(4-nitrophenyl)—5-
phenyl-tetrazolium chloride) 1 mLE 7}sto] &&3t ot
2, 20T oA 2087 v FA AL

vjoF & 37% formaldehyde €4S 1 mL 718t
£ A o, 2500 rpmeflA 1087 AR E sk
&sTrE AABIH,

Forgls INTF(INT-Formazon)E £ %%*JOIE'E
2+3 Aceton/Demethyl Sulfuroxid(MSO) 7] 41
mL 7}8te] Egket Ty, 20T FaoflAl 2087k HJ%A]%I
INTFE FE5H50Hh o8 Al A& 7]o4 1027t
2500 rpm o2 U4 Eegh o, 2
ZAE AMESE] 465 nmollA THEE
Koopman 5109 W& =43 202 4 )&
gea 84 B4 % (dehydrogenase activity, DHA)S -3}
et

oX,

(A=
5T

1Y =)
)
ﬂ
2

905 XDygs5 XV
DHA (mg Oz/g VSS/day) = W )
2

1714, Dags = 465 nmolA] A|29 S3= V) = £1]9
B2y (mL), t = INTQ} 933t A]7F (min), C = VSS9 =
(g VSS/L), Vo = F2of AHEH A8 £3] (mL), F = INT
¢} formaldehyde &0l ©Jgh 3|4 A A<4(0.714), 905
= DHA ©$91E mg Oz/g VSS/day= UER7] {8t 2kl
AHE ofm|git},

3.1. 7Y | ﬁi} | 2 sS4 3 JHM

P Z0AM 84 3440 4 &
ol T2 S8, BOD5, CODMn, CODcy, TN, TP 59| 3
H3HE Fig. 20f eI,

219 T HF SS HEE 1Q, 1.5Q, 3Q ZA0A Z+z)
8.0, 8.5, 13.6 mg/Lol o™ SS A|A &&2 217 67.7,
69.8, 49.2%%= YElNTE %% BODs %+ 247 3.2,
2.1, 2.7 mg/Lel%eH 43.6, 83.0, 66.1%2] A7 L&
et Tt 2F CODwn &+ 242 5.9, 2.2, 5.0
mg/L o] AA E&S 7F 24 79.2, 91.3, 59.8%

_JE!
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Fig. 3. Concentrations of water quality parameters when golf pond water was treated by biofilm reactor; (2)®: SS, ¢: CODMn, H:

BOD5, A: CODCr and (b)¢: TN, O: TP,

o[t CODd A% & s%+ 27 17.9, 10.5, 16.8
mg/L o|¥em Z+7F 63.5, 74.1, 42.5%) AA AL
I:L/\g o}cdr,].

FEEFY A4, 219 F9 HF TN 5+ 1Q, 1.5Q,
3Q & 247+ 1.9, 1.5, 1.5 mg/LRA3 AA &2 72
Zy 80.2, 74.7, 56.8%% e #E TP v:-& Z1Z¢
0.03, 0.03, 0.03 mg/Leolgler AA A& 27F 84.1,
88.9, 83.8%°]3it}.

kA, TNS AlQet =4 3§52 7/f4 a3t= HRT 4

hrel 1.5Q &1oA 718 =7 Uelbdt, TN AlA 582
HRT 6 hr$l 1Q 274 7Hd A vetgou, 2e 24
oA 2.0 mg/L ol5t9] XF =5 UEtH7] afZel A
259 Aa FErt A 90 vz FFL vujE A
o7 AtrE

o] 512)_0_ oM]— iLH

()
=2
_>L

g o7} S48 AYE vhE-Fol A
HRTS] W37} Fggst aa49 Ao wAe gl
A9, HRT 0.5~2 hro A COD, SS, TN, TP A4 &&
2 247} 37~80%, 62~70%, 40~68%, 40~59% = L}E}
Wkl 2agh up §lek, 2 Ao A= HRTY| ¥ate] wh&

Fig. 4. DGGE profiles of 16S rRNA gene fragments at each
conditions; AS(inoculated activated sludge), lake
water 1Q, 1.5Q, 3Q and golf pond water; AN: anoxic
tank, AE1: aerobic tank 1, AE2: aerobic tank 2.

(1. 5Q)4

CODMn, CODCr, TN, TP 5 44 30| 3% Lr 77}
6.6, 1.8, 2.7, 7.2, 0.6, 0.04 mg/Lel¥om AA a&2
7}7} 78,5, 78.0, 80.2, 74.9, 55.6, 97.5%= LFERT}, o]
L gUA Y GU4E A8 15Q 229 A7 agw
sfgom SRR 472 WESE

)
2 9%1313}. %31 ©2 HRT 4 hr«l

=
R M~

2 o B A
r
=
=

-
i
®
[
[
1

L E]
§

Fig. 5. PCA results of the DGGE profile according to the
individual reactors on the different conditions;
Anoxic: microbial community in anoxic tank, Aerol:
microbial community in aerobic tank 1, Aero2:
microbial community in aerobic tank 2, A: lake water
1Q, B: lake water 1.5Q, C: lake water 3Q, D: pond
water 1.5Q.
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Fig. 6. Variation of microbial distribution ratio in each condition at 1st Aerobic tank(a) and 2nd Aerobic tank(b); AOB(Z),

, Nitrospira genus(Il).
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Fig. 7. Attached biomass amount(a) and INT-DHA activity(b) in each condition ;Anoxic(ZZ), 1t Aerobic(

HHE |
I 3 -

& ks o E A
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(D)INT-DHA activity

, 2nd Aerobic(ll) column

reactor; A: 1Q, B: 1.5Q, C: 3Qllake water), D: 1.5Q(pond water).

3.3. DGGEO| 2lgt O|4= =& siA

7+ 9 2 FAAZR, 57]1%, 57|22 o] u]A)
&= 74 W3 Fig. 4] et 27] 2SS A4
UEld E12 bandE tjAEo] B & |
HA AR Ae HEE ok 3449 1Q, 1.5Q,
3Q A2 band W3S W, 3Q oA El band
7F AFA AL, E18 band7F UYEU= 5 PlAE 49 #E}
5 AT ¢ U B3, T A5G0 H9of
A 2230 HWFS o, band x4 2
= it

Fig. 49 DGGE profiled] g & £4& =35 2
= Fig. 59 YeRdch F23 dE4E 333 FARA
z, 37)1x, Z7)229] nAE Ao TaE IS 2
AofA 2] ngE LT Aol &IE & et o=
Argr e AEU HEg o Bk Al £ Y

U VR
_L|>'l_'.
i
oZ
e
=) 4
=
=)
oZ
il
=N
1)
=

3.4. FISHo|| 2|&t oS =% sHAd

7t 271004 AEdel EAske At ugES] HX
AFE 9lste] =33t FISH A3 Fig. 691 Leb ot
w70 AgdoR ARgEH 5714 &9 W nlES
&5 BAste 2 &4 2 A nAE 283 v
pisg

AAsl o]Eo] Be-0 HRT 2 hrdl 3Q 242 A|¢J3
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HE 200A AF SER ol Hsl S7tete BEa
7] 1204 AF £9A, 1Q, 1.5Q, 3Q, X4 dAxs
ZHo|A 9l AOBE Z+Z 10.6, 12.5, 14.6, 10.6,
12. 5%°] %3l Nitrobacter spp.= 27+ 10.3, 11.0, 12.3,
11.0, 11.7%°]1% 24 Nitrospira genust 212} 6.3, 12.9,
13.1, 8.3, 12.2%°131e}. oI5 F3 &7] 1=x0)A419] At}
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