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Abstract

A sequencing batch reactor was operated under different pH conditions to see the influence of free ammonia (FA) and free
nitrous acid (FNA) to microbial community on ammonium partial nitrification. Long-term influences of FA and FNA were
evaluated by polymerase chain reaction-denaturing gradient gel electrophoresis and fluorescence in situ hybridization. Nitrite
accumulation was successfully achieved at pH 8.2 and 6.3. The shifts in the microbial community were observed when
influent ammonia concentration increased to 1 g NH4-N/L at pH 8.2, and then when pH was dropped to 6.3. Both
Nitrosomonas and Nitrosospira were selected during the startup of the reactor, and eventually became dominant members as

ammonia-oxidizing bacteria. The results of molecular microbiological analysis strongly suggested that the composition of
microbial community was changed according to the method used to control nitrite-oxidizing bacteria.
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1. Introduction

AsE dRYoLE e dgrt JHs5 A EHA Kot
I WEHH oF, A3g L, GRT9Y AHA =4
4 TSt 5 g FEAEAE opldtt ol & X
A dIFd TR ALAA FHol MEH o] &
Atk AESH @ MLE (Modified Ludzack-Ettinger)
Fdo] qEHolH, gt TFY H o HEE 5 Y2
A aEE ol de ’\}%5]—1— At o] FHL FERYo}
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2 e g4ad H7b 92 HJ5Y Fe, AETH A
S A% CNHY {§A7F o]¥7] Wi 22 aE
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ANA AAsE GEZ2AA FFo] EHITHChoi et
al., 2000). ©] FF A ¢RYole FEAset oAt
e 22 FFoE FHY Utk V1€ FFd HE o
EHo2 grYol kst HFoA Na aTFS oF 25%
AT & A3, 24 A I8 /UE 87 EE WEs
712 R O 40% FAT F Qo] BAFJ] Aoz gy
Z 9 TH(Hellinga et al., 1998).
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9EA2AA FE H3HA 1S AAAE 4=Y
ol7} Aoz AA3 AstEx] T2 oA AstF
94 A% Aoj7t dasith gRYr REdst FHL o]
2 daf obday s T4 2 Hgol IFE AFA

F(Jetten et al., 1997), &%X(Fdz-Polanco et al., 1994), &
kA (Hanaki et al, 1990) 18]3 FA (Free ammonia)$}
NA (Free nitrous acid) (Anthonisen et al., 1976) <9 &
 2HXAANA GERYol At A AN EHE e
2 5Zg olgdth d#FE SHARON Fg2 opdily
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g 3A 234 s84HeRE ME & 54& JHE
Aoz ¢HA Ath(Park and Noguera, 2004). © <] pH
Mot MANE FEU0L Aste] #UF Fmol st
o & wWsyh de Aoz gEA Utk©Nicol et al,
2008). ©]¢ 22 AT gEUYol FEiS FNA TR
He HEF dEYol AskA#]l Nitrosomonas (Nitrosococcus
mobilis, Nitrosomonas)ZF Nitrosospira (Nitrosovibrio, Nitroso-
lobus, Nitrosospira)®] AE|std & o] M=Z dolstd &
Az g ol "AEY FFY +HS =7 0
al7] W&ot} E ghryol k8t 11| E(Archaea)ol A
o9 fAR AWt BAHE Aoz IPA AT
(Stempthuber et al., 2015). WA PIAE #39 F2&=
25 dRYot FEAS FHY FHLE 54 & IF

< HXA Aok
ol B ATl BETH & 2uo} FEis}
3814 FASH FNAE ©] &3 obdityd Adshate] Ao
ol EYol 5t Astedd Fo oAus FFS
HXexE Zolir] 98] PCR-DGGE (Polymerase Chain
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2. Materials and Methods
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£ FFtach

2.2, eMdu =

FAHFE 1.0 L B (NHy)S04 4.718 g (1 g-N), K,HPO,
0.027 mg, NaCl 600 mg, MgSO4-7H,O 280 mg, CaCl,-
2H,0 120 mg, NaHCO; 300 g, 283 mZFHA FeSO,-
7H,0 3.3 mg, MnSOs-H,O 3.3 mg, CuCl,-2H,O 0.8 mg,
ZnSO4-7H,O 1.7 mg, NiSO4-6H,0 0.3 mges EIHEE
)5} tH(Terada et al., 2013).
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22 wrg7lolA A A2 oy F2, obd Ay
2 ANY Aa FEE 0] 23 ZrFEIH((ICS1000 and
ICS90, Dionex, USA)E ©l-&sto] S5k, 32y nFE2
(Volatile suspended solids) &%+ Standard method (APHA,

AWWA, and AWEF, 1999)2] E4%¥ & o] &3lo] &3 th

2.
.

4r9 3

24, MESIY 2N
B ABSE BHS A4e SRz FrHow
AAS 294 AEE ol§ste] PG PCR-DGGE

EA A= FastDNA™ SPIN Kit (MP Biomedicals, USA)
£ ol &3t &8A AlRAA FE DNAE FUHAE =

golHEZ FE3la, ofmdolutol= A2 Rt £, ojn
2 BAE& AAxs4th PCR £Z & GC zP=ZE /MR

341f (5'-CCT ACG GGA GGC AGC AG-3") (Muyzer et
al, 1993)¢} 907r (5-CCG TCA ATT CMT TTG AGT
TT-3") (Lane et al., 1985) ZZlo]|ME o] 83k} 94°Co| A
6023t denaturation, 52°Co|A] 60%Z%t annealing, 72°CollA
6027t extensiong 30 Ato|F WHESIAL mpx| g Alo] Fof 4]
1587 extension 3F= 79X Thermal cycler (TP600,
Takara, Japan)E 535ttt DGGE £33+ PCRE £Z3
16S rRNA FEE EZF=A(NanoDrop 2000C, Thermo
Fisher Scientific, USA)2 233 43¢ nte® =71 5
EE dAatd Zgh F 20~80%Y WA sETHIE
7FA ol olulo]= oA DCode universal
detection system (Bio-Rad, USA)2.2 Fd3¥ ) o]F o}
APolulo]= A& SYBR-gold (Molecular Probes, Japan) &
GAste] olnz] IS ATt o] oJuAE Image] (IJ
1.46r, National Institutes of Health, USA)Z W=9] &F7

£ E43% &, PHYLIP (V3.6, University of Washington,
USA)E ©]&3t9 UPGMA (Unweighted Pair Group Method
using Arithmetic Algorithm) E32H EAHoz uAE
A9 WsE AT

mutation

S, FISH B4 e dRYo} g9 AES sl
Fig. 1o Yeld RAF Zo] FITCZ #HolEH 3 EUBmix

(EUB338-1, II, II) (Amann et al, 1995; Daims et al,
1999)¢F Cy3=2 #@olE3 3 NEU (Wagner et al., 1995) &
£ Nsv443 (Mobarry et al., 1996) ZT2BE S o] &3l
stojBgttolA o]l A& A =, dF @ ZF(BZ-9000,

Keyence, Japan) £4& A5
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Nitrosomonas sp.
Nitrosomonas europaea NEU
Nitrosomonas eutropha
Nitrosomonas halophila

Nitrosospira multiformis

Nitrosovibrio tenuis

Nitrosospira tenuis

Nitrosospira briensis

Nitrosospira sp.

Rhodocyclus tenuis

Nsv443

Fig. 1. Phylogenetic tree of ammonia-oxidizing bacteria
detected by NEU and Nsv443 probes.

3. Results and Discussion
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FEFE #FE] Y5t dRYol 529 Z7]FE 1 ¢-NL
9} 200 mL/min®] H =& QAH LR J7HAA 3947 23
stk 1 A, 983 dRYole FRSIF IPF o
ol HHo] #EE Wi ANAL AY AEHA L%
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A A 3

o}

(<]

o] olEAAE ASAIZ W EAStEE nitrite oxidore-
ductase®] F8A AR Yang and Alleman et al.,, 1992)

2 % 6 mgNLY F=oA txEF olANY 4kslel
Nitrobacter 9] 378 €33 Adsle ALZE ¢
(Vadivelu et al., 2007). W&tA Alo]Z 7]
26.3 mg-N/LY IEFE FAZ} ob2 kg 4
3 oA atalE AT & AW Aoz #
664AFE = FNAY dFE #F7] 95t pH
Z7E 824X 63704 QAIFHOE FFo] 38U A3}
At o] 717 B E BE GEUopr} ofdidd oz A
FEo] A9 A AA9Y FH2 A9 FHEEHA LN
o} °]& Fig 39X & F dxol dRYo} &7t 2P 5
= E¢ FNA BE7F A 129 mg-N/L 7HA &7} o}&
A s 24 9 43S 9AE F Jq] WELE
dEHTh FNAE °|E P8 EY ATP A4S Adfstes o
Z3(Glass et al,, 1997)2 <F 0.02 mg-N/LY] wj$ U
ZNMZ Nitrobacter & 73S A3 Adste AR
2 A dth(Vadivelu et al.,, 2007). 221 o] H2 FNA
T EG dEYol st 84 9 A= E 4TS
Ae Aoz LA ok o9 Z2 FNAY JIIA

nitrification rate)= 0.314 mg-N/g-VSS min®. 2 FAS ¥
S BESHE 58UAA ] 03299 wlaa] Fzke] As|rt BF
Hou a3 2 37 Gt

d&o] dryol st APHE 5 &AL TR
0.5 mg-O/L FZolA FA HA=d olsh 2ol 3A &
£&ArA BX(Blackburne et al., 2008)% 4+ =
E 5%(0.6 g-NaCl/L) (Dinger and Kargi, 1999) X3t o]
nAEY 84 2 HF Al JqRE Aer duEn
olglo Ato]Z Z7]d ¢EYolrt EFH AT 7
H AF FA 557 9 031 mg-NL7A F7HsHA% 5
7} gl olaae 4sF Aol 2 AdE G4 £3
Aos @dd
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Fig. 2. Daily effluent N concentrations under different operational pH conditions.
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Fig. 3. Typical profiles of the N transformations occurring in the SBR on day 78.

et ole 5T g3 FHE SZEA(Aggre-
gates)7} o} AtstgET gRUoL 4bskto] st
o £2 XAAE AFY] HELE AlsdY. $AA=
u) A EA| &) ) AHEZ (Extracellular  polymeric  substances) 2]
AFAZ oJFolA WFEZ EZolFo] AFH £8F &
A& 7}A 3 AtHDytcak et al., 2006; Wilen et al., 2004).
wabx] SAA Fole FAY FNASY F%71 Eof o4t
d st R tRYol Akshgo] S| A &7
FAHAL, WFZE Z5E FAY FNAY I dlaEAT
e 27 dotA] kRUot Absheto]l -3 statr)el
z7o] FAAh A5, ol dERUYoL s E of
d st AEtE £33 $AAY B A 540
A skt @48 A JAEE Aoz ggdrh
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A=l 4749 WE(Q, 2, 3, 7)7F 4A] AA L, 2749
WE@, 5olA FBZE7E 71 AL® Vebgth =39
FRYot 28t 438t 713Ma, b)F Ml FA =7}
EA A9 712ec, d) B 4709 wi=g(6, 8, 9, 10, 11)
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Fig. 4. DGGE profiles of 16S rRNA gene, PCR-amplified
fragments using universal primers with DNA extracted
from biomass samples collected from the SBR on (a)
day 22, (b) 36, (c) 54, (d) 65 and (e) 86.
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Fig. 5. UPGMA cluster analysis from fingerprint obtained
by PCR-DGGE.

Dli,j) = 5 B~ 1

the faction of the DGGE band intensity for

the 1 and j samples

fki and fkj .

3 ZFE Fig. 59 HeriAed 22 ¥g7¢ HAgy
E THo| oldad skt Aojdye] wet E TS
w2 AoE YEigth gdRYol Askte AHSE
FASt FNAY &7} 9A $A9 2293 36979 nd &
THAME W37t AY FRHA EAth = FA FE7F

YT 5497 654A Y HAE FHAME WSl A9
TFHA goh. g dRYot ist#y 3skE sl
FAS FNAE YA HARES Wt obdAg Absht ] Alof
£ H8 FA 555 =4 #A9S 99 A& 28 ¥
std & WSt #E AT 13%01 ordAd Atk Al
oS FASIA FNAZR wWZIS dol= #Auzt st
FAHATE o]¢} 2ol O}aé‘}%i ﬂi‘rﬂgl Aodgol wak
nAE FH Wsyt FREJ=E ols GERYo} Askt
o] HABE £R9 wstA 7 ReRE Atndth gt
HOZ FASH FNAE ulAEd 24 S4E& 73 9l
HEYo}l 4shte thArS ’“ﬂ"ﬂ A4 9Fs FAT
a A7t AR B8 WAUSEE A ol FAR L As)
HAE ol HAEY FTRY HH Fxdd g oE e
2 &4 AtH(Cua and Stein, 2011; Tan et al.,, 1998). ©]
= FAZ} hYo} Ashate] ol #oste Wi FNAE
AEUots obditd A4 Absteted #dste gEY
o} A3} g 4 (Ammonium monooxygenase)2] & Eo]
Aoz #sty] wEo|tkStein and Arp, 1998). Wt
FEYot HH"]@} F8oA otdE s AAAE 9
3 ojugt o] AREE =it wet tEUo REARS)
389 ‘ﬂ"@% "?;“-4 TF&7F A8 2 ALE dddr.
a3y oAb Abshre] Ao S FACA FNAZ

FJ
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e 9 WAE TR & s #3
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d SEIFA A HAE FhAE A 9
7] o2 gwudnh o 7|t B¢ Iy 1FEZR %
Z7F 9F 3.23 g-VSS/LAlA 2.872 747 AC g Jehgth

3.3. =20} Atsl?e| 2F 35

YRt Ashte vdyd FEE 981 NEUS Nsv4d3
ZZHE o839 FISH #4& At 1 ZA#E
Fig. 69 YelSled &4 w8719 343 34 4=
Yol sty sy #EEUTY. A7) 594 2
2l Whg719 A e H2 AT dRY o Asht
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>

o] BREYEY ol R FmUcs} ofduge
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>,

I 178AFE dREYol Adsdo] FYHUA Y
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223 Z7}stQ =l Nitrosomonas 9+ Nitrosospira & -3
37} #AEAT o5 GrUol AstdE FA Nitrosospira
9] -s8l= 5ol RALZE Nitrosomonas ¢ ¥ 3
A gedes & FZEHA G A2 g#Ad JArHLimpi-
yakorn et al., 2005; Wang et al., 2010). ¢]&= ¢EUYo} A
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@
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¢
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HA g A8t APHAA Aol 2 FT)ole Do = F
B2 ugr)e] B4 ul &l rstrategist 2 Nitrosomonas <}
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¥ o (Andrews and Harris, 1986).
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3 AFE EE Nitrosospira & 33t 71430
2 ddEth g8 dRYoL A5t nAE 39
ZA&AI7| AL, Nitrosospira & F+38e X7
ﬁ Q(Bernha.rd et al., 2005; Freitag et al., 2006).
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Fig. 6. Fluorescent images for the activated sludge samples obtained on (a) day 5 and (b and c) 80. FISH images
show bacteria hybridized with (a and b) Nsv443 and (c) NEU probes.

A AAsEE PFEE7 Eu NABAURAELY B
H7t Ao $2A BHE oy BBl A Ra) o)

Fo]th(Rittmann and McCarty, 2001). ©]& 237 <30

AT 3PS EYSE Ak olgelE g2 §ENE
BT B2 gRUcl AAY, 9E BE 52 42 pHY
g8 LEAL gl 9% gadd asad 944 ¥

Aol K (De Boer et al., 1991) SLAAES IAs= AdT#
(Large coccoid cells)®] @E|etd EAS 7X= N. europaea

o] &3d(Vejmelkova et al.,
Aol A= drh
3131‘4 2 "q‘—r"oﬂlﬂb olﬂia dEﬁﬁ—Pﬂ

2012)°l 93 gt £8A A

=(Soluble micro-
FE9PAT
u B E A o
4889

an

bial products)ol S7kstaL, ol& %%
o] g0l ZAAY FHE& &olstA 3
AHER 2 HAEY] dEel oleh 2
27 M5RE Aoz FoEh

Ae

4. Conclusion

B2

2 AToAE FASH FNAZE Yol #8418 3749
AstsE I AldE 2R olHd JFE PIAEA PCR-

DGGE$t FISH EAWS ol&ste] Loprgta, o534 2

L Z2FPE g F AUtk
) BESH JE4 dRYop HEzig 3FE& AF:
¢ FAY FNAZ ofZ4td Atstgy &4 2 A3 e

2~

HEAom AAE + AT

[olI

A sts|x| M31H 45, 2015

(b)

(©)

2) 84 wkgr] A7 5 GEYol AskAe A
F Z7t9 3 dRYol itslsge] FHA= o
713t &<t Nitrosomonas ¢+ Nitrosospira &1 EUY o}l 3¢
shyo] RSt

3) ¢RUol st 938t ©A 2 FASH FNAC] 9
ofdAtd sk Ao TAA EF WAEY -3t

=

o

7 AFHAY AA =
@ W37 e,

s 2R FEA A

4) o]¢} e Ayt ofFAE AstHe 47 4FEE A
olsl7] &l ALEE FASH FNAES o] &3 A|ojyo)
gEUol REys 249 wAdE AL ORI e
ZAzke] TPl vAE Ggol t2y] gros AR
54%td EQo® 2 4¥e 12 Aoz dvEn
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