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Abstract

In this study, two types of reactors were operated to examine the properties of methanol uptake under the high-rate
denitrification process. In a sequencing batch reactor, the denitrifying activity was enriched up to 0.80
2-N/g-VSS-day for 72 days. Then, the enriched denitrifying sludge was transferred to a completely stirred tank
reactor (CSTR). At the final phase on Day 46-50, the nitrogen removal efficiency was around 100% and the total
nitrogen removal rate reached 0.097-£0.003 kg-N/m’-day. During the continuous process, the sludge settling index
(SVI3) was stabilized as 118.3 mL/g with the biomass concentration of 1,607 mg/L. The continuous denitrifying
process was accelerated by using a sequencing batch reactor (SBR) with a total nitrogen removal rate of 0.403+0.029
kg-N/m’-day with a high biomass concentration of 8,433 mg-VSS/L. Because the reactor was open to ambient air
with the dissolved oxygen range of 0.2-0.5 mg-O,/L, an increased organic carbon requirement of 5.58+0.70
COD/NO; -N was shown for the SBR in comparison to the value of 4.1320.94 for the test of the same biomass in a
completely anaerobic batch reactor. The molecular analysis based on the 16S rRNA gene showed that
Methyloversatilis discipulorum and Hyphomicrobium zavarzinii were the responsible denitrifiers with the sole
organic carbon source of methanol.
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1. Introduction
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By st} AAksta g oA dRY oy A
Yol Astate] o) obdi 4R HEEH, o
d Aol o A A4AR AstEn. g2
27 ol Fabg FAE FAvtAE FYAIT
2018; Thakur and Medhi, 2019).

59T 2242 228 H35td, F2 chemical oxygen
demand (COD)$t & 4-9] H]&<l COD/NO; -N& Q7359
AgE ZaHF 52 559 33 A9 F¢ SFFE 7
e 237 99 dFaady FYol AuF R FQd
t}. (Lee et al.,, 2009; Lee et al., 1999). @Aj2] &2 23
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22 #H & FPske PIAELS Pseudomonas, Bacillus 21
i

W dd $A=Es FolstA YeEldTh (GrieBmeier and
Gescher, 2018; Osaka et al., 2008; Xu et al., 2018). Li et al.
2018)2 B& HgolA gL s orgidos AT 3
= O 22 o] vt Atk 1) €3 WA E
o3t BAE 8ol 2) ofFAtY FFo] gl e g
vg 3) 9 A4 A4 AA & AEES
2 AMEE A%, Hyphomicrobium sp. & X33t Methylotrophic
denitrifying bacteria’7} &8 oA & e ALz By
H3 9Jen, Sperl and Hoare (1971)2 W&LS 9 &2
Yoz r&s= SFNA Hyphomicrobium sp. 5 FJEHL
2 Ed3 2 o= Timmermans and Haute (1983), Claus and
Kutnzer (1985)9] ATolA% &A= tl Baytshtok et al.
(2009)2  stable SIPHE o] &)
Hyphomicrobium sp.%} Methylotrophic denitrifying bacteria
]l Methyloversatilis sp.9] &8 W & $IEE FE

SHA, Focht and Chang (1975)2 WEES o eirgdoz
AHgsHe gd uhgel tisl, thed 22 FE S AL

isotope  probing

i

2

NO; + 1L.08CH,OH + H*—0.065CyH, O,N + 047N, + 0.76 CO, + 2.44H,0 )
A He e A7 Adgor =24 Fe, A5 v

B aTFe 4 () 9 428 F Ak AW A
A Wele ohdugt §EALT EAT & gow, of
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o]

A% Mee aTwe o ZB4L B 7T + Ao
(Focht and Chang, 1975).

C, = 247N, + 153N, + 0.87D, 2)

A71A, ¢, = 8T7HE MEE 5, mg/lL

N, = x7] 4 244 FE, mg/l
N, = 27] o}ZAE A4 FE, mg/L
Dy, = 7] §EN4E 55, mglL

A ()9 F2uE ol gsl, A4y Ax | gLE AAG]
% MEe 9F%S CODE 4tetd 4 3)3 2t

mol CH; OH 48g COD molNO; =N 370 coD
mol NO; =N~ mol CH,Ol 4gN T gN
©)

21 2)olA AME werg 27FH S CODE 34 F%,
A4 HTE F I thal, Jung et al. (2004)
= A @A AdE rgs a2 vhgx W HH4 & 4
2522 JAF Uy F A4 BF ALY A4R A8E
o= 78S aElste # =
A4 1 gL AAE 93 COD 2TFFHS AXSIA 247
mg-COD/Lx1.5 = 3.26 mg-COD/LO|™, o] 4 (3)d] <&
3.70 mg-COD/LS} 0.44 mg-COD/L9] 2to]E yehd ),

g2 W32 pH, 25, §54 59 FFAA ] dFS
e Aoz &d2iA At (Cao, Qian et al., 2013; Dawson
and Murphy, 1972; Saleh-Lakha et al., 2009). 53], &&4k
2 22 BF 588 284+ Wt Fa9 ARolH,
Skerman and Macrae (1957)< Pseudomonas denitrificans®ll
osl], 5427 0.2 mg-O/L FFAA &2 g0l T
Tkl B33 3 Oh and Silverstein (1999)2 24 &8
g o] &3 A& EANST] (Sequencing batch reactor,
SBR) WlollA] 84447} 0.09 mg-0./LYE o, 22 &E7] oF
35% 292 AL . &84 22 B &Y
Ste 549 #A8&S dAlste ALEZE g A Uk ol
di3ll, Chang and Morris (1962)% Micrococcus denitrificans
Zo A AAGALE FAdl= G491 nitratase”7} FAEAE F
71 230X &0 verdS AT B A =
Hge] ARt &ML R 9F 87HE @4d
9 =7 ML & HoFm, ols &ENLTL &

A 549718 H+ (facultative anaerobes)®] 717

N
o
o
2,

2

30 >
(03
—~ Mo o

AN 35 & 71’38

S g3 R gade] 2R @F AR g
BRAE 7] HEYD AL FZHT ol F7HQ 9
Feadd UL guaid, 34 29004 BAHA &4
£ opldtt olAE 24 HFAA EEFLY Sl 1Y
E Y] oFead 348 2 38 289 AME 2
e AAelH, F&4 24 3B S 2] A8 &4
4o} &4 778 COD/NO; -NH|¢] A& Ftates A2 5
a3ttt ol & 8, £ =RdAe Aa HE 2 B2
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=2 SsteAE g &&HAE
o] &3k, 20 L A& &3] (Sequencing batch reactor,
SBR)Y| TAE EHXE 2435 mg-VSS/LE BE 9tk 74
WA= AAY 100 mg-NO; -N/L, Wee & g9 500
mg-COD/L (COD/NO; -N = 5)& §X|3t33L, 7|e} J&e
Z/d& Cao, Wang et al. (2013)9] dF+& FastgeH o
<3 Zt. KH,PO, 11.1 mg/L, MgSO,+ 7TH,O0 6 mg/L,
CaCl, - 2H,O 3 mg/L, Trace element 1 mL. Trace element=
FeCl; - 6H,0 1.5 g/L, CuSOy - 5H,0 0.030 g/L, MnCl, *
4H,0 0.120 g/L, Na;MoO, * 2H,0 0.060 g/L, ZnSOy * 7TH,0
0.120 g/L, CoCl, - 6H,0 0.150 g/L, KI 0.180 g/L, H;BO;
0.150 g/L, EDTA 10 g/LZ FHHAT. 72 47 s g713¢
1 418 HAE wA G 2 S FIEA
Hi A WA H] &2 80%Th 50 rpme] wHHS AR, 7}
2 glo] AYLE 2AS §A54 T (24.8£1.9 °C). €2 7|
A=Y &g X AFE IRlsy] st 4 A7 &
2l wg7lA HEAH R HEgAEEE AT BT
223889 IS vIXE pHE pH meter (AB15+ basic,
Fisher Scientific, USA)E o] &3lo] =73 33t

29 1M B7|M 5|EAl HIZT|

500 mL ZgA=0] wjA 200 mL, §HS7]A AHI
=&8 A 25 mL, B29 25 mLE F75F &, AL 23S
TE7] Y3 WA Wl 10 ¥ 59 AL Z7)E P

olF, T3 YFE AYUE vl TEdEeR 2

S T 150 rpm, 25 T ZZNA gulg7] (NB-250LF,

N-Biotek, Korea)oll 201 24 A7t B¢ v FA|7]2L Z 0, 3,
6, 12, 24 A3t Zk2a WH9 Z5HE 20 mLA A
3] 1.2 um ¥=9 GF/C ¥ (GF/C, Whatman, UK)Z &3}
S BEFF=A (HS 3300, Humas Inc., Korea)S ©]&3] A7+
of M Axg AL F24, CODY FE HeE HHP
pH meter (AB15+ basic, Fisher Scientific, USA)E ]%O]'CI]
pHE =33 o

g

r-|0

23 54| EHE HE8T|
0 mg-No3 N, HeE 9 @49 50

= 59 z7|Z2ANA A& Wt

S718 €9k £ AFdM A wg7]Y TR+ Fig
17 Zo] gawgty) A&tz
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Fig. 1. A denitrifying reactor used in this study.

reactor, CSTR)2] FejolH, vkgx9] F3j= 3.8 LojH, &
HEz & A F57F 371 Foll =EHJATH 1 LY "AE
FAAZE HAstY FHE PAES AcIAAT wA 9
897 MAE HES 9a AEHZ (NEXT 100M, NEXT,
Korea)& AMER o1, vh-87]9 284 AFAITS 1 42
i?éit}. O]T, Fhgol £8H 500~800 mg-NO; -N/L9
;qaom ﬂéﬂ CSTR 2l 4 SBR 4]
A A7 A7) wEed nAES
52 A 5 = ZHol Al Abdel Kader (2009)

4% metabolic activityd] Ao]E &3 o
=] =9 F4% FoE A2 T UL B
'é;t}. 24312 9% 3.8 LY SBRS T335H7] 94 Fig. 1

E

(exchange ratlo) 50% ZAoZ md EFEY 50%7F viE
Hal 50%< wiA7F AR whgE
20 min, ¥F&: 1380 min, ¥ A: 30 min, F=: 10 min22 A
Fot3lal, HRTE 2 42 FAESY. d54 22 wha7]
+94 717t B¢ pH meter (AB15+ basic, Fisher Scientific,
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24 2 3 COD =4
Y AAhes HS-NO~(N)-CA Kit (Humas Inc., Korea)oﬂ
= A 9| =, 71- ZA
g7l WH-9 AEdE 0.5 mL’W ZH-HOH 71Ee] F4
HS-NO;(N)-CA-P 391 (Humas Inc., Korea)E blank
Ad Kitell FAR. o %, vPhE B3 10 3 = &
ST F 10 B3 FA S Kivh =@ e s HWE]
7171 ol 410 nm g A FFEE EA43
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584 gl - MEY - HiEE
Tk o] & 120 T, 30 & =AM 7143 &, 427k gt olol W}, Fat read FE 297,870 M2 2P
Z+sto] HS-TN-CA-H-P2 (Humas Inc., Korea) 9T F¢ Atk FAE ML CD-HIT-OTUE AM&38lo] 97% ©]4+<]

S 10 8 & 2 3 £7F YA 53 HS-TN-CA-H-P3 (Humas
Inc., Korea) 361 & FY3te] 10 3 &3 2 2 27F X
%, 7+ &9& HS-TN-CA Kit B (Humas Inc., Korea)el 1
mLA Y £ 10 3 23 2 10 B3 GAAIA ZAF Kit
g 71711 92 410 nm g 74 BA3Th coDe
HS-COD-M Kit (Humas Inc., Korea)ll % T AEE
Z 2 mLA Y ¥, spRE 2310 3§ %

¥, 150 C, 2 A1ZF =004 7FETt o
o}i 600 nm I ZUAA FI=

i3

25 0|ME AdY 53

Wz A PAES AFstA FFol | L7t HEE 4F
A AAGCE o] T FAFHY AlEE AFASFHA 1.2 um &
=9] GF/C ZH (GF/C Whatman, UK)E AF&3le] ZHFY

|0

FaL, 120 °CollA] A% Z3} 550 °C ZAEZANA YE

[¢]

FAIEE 7FA = A|E A E operational taxonomic unit (OTU)
o= iﬂ%ﬂﬂ‘é}d 257 7W7F E2E AT wE ok 168
RNA 534 A€ NCBI (National Center for Biotechnology
Information) Blo]Eju]o] A9}t vl AFEFIE JERE

7; = oﬂ Tq_
3. Results and Discussion

3.1 Activation of denitrifying bacteria using methanol
FAA Y A g SEAE ol&ste] 1 €1 3 wiAE
LA SBRY FEFAAA A4 44 s&E 00 7
e Uetido] gnt2A 24 458 wEd # °i°in
pH 8.07+0.52 HolH, &4 d¢ 2d & H@
~8 Al &H 0] F I (Knowles, 1982), &
pH 11 (Prakasam and Loehr, 1972) ©]3&}7}A] H

L
~

¢ 3R 5% zME 01%o}<ﬂ VSS (volatile suspended Huso], 249 #ag BPHoz gl sk G2
solids)E S8ttt §94 &4 1 L H2AdHAA 30 29 B4 Ag3s Frislr] st MY = nAYELS A
¥ 74%1%& F AZE £8X Y FIE 842 FZ%h HAsle] MR ZTgAToa gd A7 B2 2AA
ol i FFE EA F3I mL)E EA TF (9L YT HEgd 252 27390 A8 27]9 HEgAEELE (.02
o] sludge volume index (SVIs)E AlAFsI%Th. ~0.26 g-N/g-VSS-day Alo]E Holn Y& FX2 Ry
(Fig. 2). °|A2 WSS 2902 A3t 22 A E
26 EAE = 2o 9] o] AL HEE EAstY x7] HgE &R 4& 3
welglol 238 T2E 918ty Y3 FastDNA SPIN Kit o2 ool "k 2 A7 5~13 4 Izt §43 4|
for Soil (MP Biomedicals, USA)Z} A1 Z3}4] 7] (FastPrep-24 g2A459 U7 bEiged, oe g 717 B¢ 22
™ MP Biomedicals, USA)S Al&3to] DNAS F&3 . & HAE 239 FA% 48l gt AL dfHr). o]
%% genomic DNAZE Macrogen Inc. (Republic of Korea)Z H3l, Yao et al. (2019)= A20 339 W% LA E HE
B Illumina MiSeq S (Illumina, USA)°l A 16S rRNA Yo 2 o= 22 SBR 9 Z#, 12 o B vgE & T}
A9 paired-end readE /G TE 16S rRNA FHAE 0.09 g-N/g-VSS-dayol A 1.24 g-N/g- VSS-dayZ F23] &
FE357] 98] 341F 2 805RY] ZolwE PP, AR 7t Ae e, ol sFug 71t st 54%
A F ZAAQ JH Y AR AFD AlEEE BA A A 23 HAE 28 48l 710 AR ATt o] A
1.00
[} 0.90
E 0.80
g _ 0.80
= = 0.70
il
2 ¢ 0.60
=N
23> 050
o D
© = 040
U 1
= 2 030 0.26
3
0.20
o
2 010 S 0.08 a3
o e -

1

T|me (day)

Fig. 2. Specific denitrification rate during activation culture based on methanol.
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oIES ¢ B 3ol mast W B MA 54 585

A 13~72 A F¢ HgEEETL JHESiEo] A 0.63~
0.80 g-N/g-VSS-day® 53kt Dold et al. (2005)2] ©l
S o] &5 A Fr148 & AAdA et A HE
A4 % 0.144 g-N/g-VSS-day°ll Hls & A w2 vgd
B

t:

I
M1 4
il

3.2 Continuous denitrifying reaction using methanol

%z7] @2 ZA43E 93 SBRoIA FrRHE nPgES
CSTRell H&3te £ &3 AFAIZE 1.02+0.18 4] A%
F8E TAHAY 7] PIAE BEE 693 mg-VSS/LE A
Zstgck B werle JAXIF d¥Eo ngEo] Azt
02 g s AR FFAA 2F g 9
al, #dEe 2 sEe th %2 94145 mgNO; -
NLOZ fARGT (Fig. 3). ¥ F=& sFEFF7F 20
mg-NO; -N/L< A2t IHAFETE ol &
3t strAlol &5 E 80% JHE ALt ZRske 5 vl ®
FH 5550 EAste 24 249 FE 100 mg-NO;
-N/LE ZEA}SE Z o]t} Playchoom et al. (2011)+ COD/NO;
“No|] 57} HE2 59E woll 100 mg-NO; -N/L 42 4a
Holl ke 90% 7HFe] FEAHA F Aa& AATES
Baustgnh o] & Farsty, £ AT A= COD/NO; -Noj
57} g ARt S8 E YUY WEe2 523465.8
mg-COD/Lo] 13, COD/NO; -N¢ H|&E& 345~624=2
COD/NO; N H 556+0.752 ZFHUc 48 2%, &
F717F 15 & oA e FEHE 2 249 5571 30
mg-NO; -N/LZ et oF 69%9] g A4 AA 288
Hol FOh HA fEF Y ALY 557 4G,
TG 46~50 & e FEF MY ZL 5=
0.10+0.10 mg-NO; -N/LZ FX|=o] A A4 AA &&
99.8~100%S 243ttt &5y F24 5271 A4
A2 FEY AR FES Hold, 559 pH 8.3+0.2
E Holm &7 pHollA FAH+e 2T Kol ofd4t
% (Glass and Silverstein, 1998)2 gl Aoz #gdAT &
d IR Bt AE FEFA 42E"E CODNO; -N2
549402302 YEEgTh RAEY 4G FES gotRT] ¢
slo] VSSE =435 A3 (Table 1), 23 271914 35 L7HA
w27] e VSS7F 693.3 mg-VSS/LAlA 626.7 mg-VSS/L
2 g4 e vEl, A9 HESHAA 297I3E 49 Aol
1,607 mg-VSS/LLZ ¢F 2.6 H] Eojvhe &wdst nAE9]
4o] Yelgth 2 ugr19 Hdl 22 &% 0.097 g-N/L-day
£ WAEF 1.607 g-VSS/LE o] A&WE HdEle v
AL£EE AFEHE 0.060 g-N/g-VSS-dayZ AHFH T} o=

EEH’
=il

=

i

ZH2AdA & Y B Aoz AAS Fig 29
54~72 QETE 22 FOE A&HTES FH HEd&EEE
229 74, 7129 A o2 A & FUY 72
WS ET =¥ AS=F dddEAn. SV, A+ 101.0~118.3
mL/ge2 uveh} 7]E9 E8&9x AZASF 50~150
mL/gZ FAG 58 2t} (Ahn et al, 2011) &2 &3
A9 SV AF+ o8 ksl BiFIL Ut} Cuervo-
Lopez et al. (1999)2 Al 7FA] 849 (&F oHEL YE

AN JYEEF, SIS o] &3 22 FHdA 23y
& FE7F 500 mg-NO; -N & ], SVI;, X572
101.36 mL/g, 130.67 mL/g, 96.87 mL/gS H{tta B
31, Dangcong et al. (2004)E SBRZ ©°]&3% d714 Idl&
2R 3ol A 30-40 mL/ge] SVI X145 B3l Fig 4
o Uebd niel 2ol A&vhgT] 29 46~50 dollA TEL
AAEZS} oAALEE FEd 5 0.097+0.003
kg-N/m’-day & YEFAT ol B4H 22 A gHE we
& 719 114 24 SBRY FF 0.6+0.3 kg-N/m’-daydl |3}
o Wket F#Eo R FUHHQ 145 o AoE A
At (Bill et al,, 2009). o]l meh, & AFM = 49 2

A BE FIe B 2ASES nEaSg

i

Table 1. Sludge volume index (SVI;) during experiment

Day | Sludge volume (mL) VSS (g) SVI3 (mL/g)
0 70 0.6933 101.0
35 120 0.6267 191.5
49 190 1.6066 118.3

3.3 High-rate denitrification using methanol

Hee 7k 14 238 FI57] fste] SBR g o=
Ag3te 41 A7+ 2F3ATE SBR2 CSTR HHgE T 1A
E & A zdFeltt z7] mAE FE=E 1,607
mg-VSS/LZ A&t 41 A7F Ao 8,433 mg-VSS/LE
FEEJT. HE9 SV AF ZFL FPdHA FGohon,
E#A B4 Z QA% nAE 52 BAA Eshth F9
49 COD/NO; N& 58 1gstuzt sgdou, A&z
B 6.2+1.52 QAT Fig. 59 Zo] A4 FAh9 &
ZE 100, 200, 350, 550, 600, 800 mg-NO; -N/L $FC2
FEAAT &Y 2L R A A4 BE9
FARRE F& Holil, §&59 pH 8.9+0.58 HolH ofz
2 NOy ) A8 gl ez gddnh 324 2 A4
4 Ar2AA Z82 FY Z A4 FE 600 mg-NO;
N/LAA A E o] Zzb 75.1+11.4%} 75.6+14.5%S e}
WATHENS 7] €9 14~19 Q). 23y ¥H87] 29 20 &
o= FAL F A A4 AA Fgo #AH
99.242.8%%} 98.6+4.4%F YERfo] ¢59t AAAT H5
< AT F AYh A FHAAASEY AMAALE
= Bgton, wey] 29 35, 37, 41 Aol H 0.403+0.029
kg-N/m’-day 2 UJEFTH (Fig. 6). ©]& Fig. 49 A& 24wl
3o Hste gA&EEI}F oF 4 W] FUhet Aotk £ kg
719 A @2&EE 0436 g-N/L-dayE mAEF 8433
g-VSS/LZE o] d&uks Ao vgd&Es (Pgstd
0.052 g-N/g-VSS- dayZ ©]= CSTRET} 13.5% 71 &
Fkolth. MEhA SBRE )&% @d4&E 143519 T8 9l
2 HgdEE 7P oidE PR R VIR #dd
ot 1&"d SBR 29¢7I%F &< YERd COD/NO; -N2
5.58+0.702 A4FEE AT ol CSTRY COD/NO; -N<&
5.49+0.239 FAME x| o| T}

—

d
d

P
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Fig. 3. Nitrogen profiles and removal efficiencies in the denitrifying CSTR reactor.
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Fig. 4. Nitrogen loading and removal rates of the denitrifying CSTR reactor.
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Fig. 5. Nitrogen profiles and removal efficiencies in the denitrifying SBR reactor.
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Fig. 6. Nitrogen loading and removal rates of the denitrifying SBR reactor.
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Fig. 7. Dissolved oxygen concentration of the denitrifying SBR reactor.
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Fig. 8. COD:NO; -N ratio in batch and continuous mode of denitrification.
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3.4 Evaluation of COD demand in batch and continuous
denitrifying processes

SBRE ol &3 @4 &8t dAdA SHT &84S
FEE 02~0.5 mg-0,/LY HYE YeRH AT (Fig. 7). 4
2004 EAE vkt 2], &L F8R7E AEY
IEHES SANAA g4 8T7F S FSATIEE, Ad&gx
oA SBE S8 Y8 g4 aTFe] 45d As 7t
Fatdt) olg s M s HAEEH] ¢
¢ HAES AFS &d #VY 7w
COD/NO; -NE 4Hg3atal, SBRoA A ®
T} (Table 2). 22 3¢ ¢ @7 324t
COD/NO; -N= 4.13+0.940]t}. o]& 31
ERd 5.58+0.70 TR 42 groA FENLY FFS
WStk Fig. 89 Box plotg ©] 839 FHFXA 9 HluA =
COD/NO; -N2& BAFL R Fo5 2po]& HolFa

b
i)
i)
w2
w
=
2
>
v

Table 2. Statistical characteristics of COD:NO; -N ratio in
batch and continuous mode of denitrification

Values Batch Continuous
Sample numbers 22 31
Maximum 5.89 6.39
Q3 4.32 6.09
Median 3.88 5.7
Mean 4.13 5.58
Q1 3.42 5.15
Interqtggillze) range 0.9 0.94
Minimum 3.34 4.59

3.5 Denitrifying bacterial community structure

Hes Fo FFdAN $HHeR dd75E FPste T
AES WH| Yste, 1% 24 SBR &9 AF DA NA
nAE ARE AEY5 MiSeq ZAFAA &F AlEA
& FPskArh 2 2H 1% o1FY $HEE A= PAES
16 719 Fo2 ERHJNL ASETHH ZEE Table 390
Uttt AA vlAE S Phylum A9l A Proteobaceria
7t 60.8%9 SHES EJT o F  Methyloversatilis
discipulorum<} Hyphomicrobium zavarziniie ZYZ¢ 22.2%9}
14.9%9 Hi $HEE HY Ul Beta-proteobacteria®l <3}
= M. discipulorum< @27t StU2 78" fU1gLaE &
Aoz AgEE "AE (Methylotroph) 24 wEolglz}
HeEs 434S & doH, AaEs AHES A7148 AR
A 223 ALaa FEo] RAHUY. g AVH 2 oA
Al 714 Aol HZEE &3 5714 Z2HANAE 7
AEY 48E BolH s8RV EHE EXRT (Smalley
et al., 2015). Alpha- proteobacteria®l 43t H. zavarzinii
TS WeE S AHEste dEFR MAE F ShEA 23
N85S FB5t= narG, nirk, nirS, nosZ FAAL &7 B
TEAT B 3718 2304 742 BT =gA T

=

_l‘.?_‘i
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ofdtE FAglo]l AAEE &As] AAs L FFste A
B R (Martineau et al., 2015). X3t Beta-proteobacteria
& Methylophilus methylotrophus< $-7-&°] 2.00%
o UA g meEg S JFAste g2 HAER ¢4 A
o} (Osaka et al., 2006). 919 H&E H4F €2 nAES
A F3 Al(denitrifying consortium)o| A ®IW3] 7% 11
o (Kim et al., 2020; Waki et al., 2009). 7.75%9] %+ 3
€5 Hole Comamonas terrigena= NO; + THLAIZIA| T
NO, & #HAA71A Rate A2 AU e 5
of A= FHAUA &k TS 30, 35 CollA 5714
AZ8dol BaE Rt} (Wauters et al., 2003). 6.69%2] $3

€& HO|E Ignavibacterium album+ nitrite reductase, nitric

C rir

2 ¥ g

oxide reductase, nitrous oxide reductaseE 7}A] 3L QQojA H
BAQ g4 Vs e AeE gEA L, T 2s
2F THAR Qlo] AazxAdA SFe 7Y EF 7HA
S Aoz Bt siA T HEeS HdF 5= 7
< GHEAJUA Eh (Liu et al., 2012). o] 24 2 AT A
C. terrigena®l I albume 271 S8 E 7193 A &2
o ZA 71d98A %e AeZE dddrt

l

e, T

4. Conclusion

& &S

F Hi COD/NO; -N< 6.2+1.55 BRIt &4d &
2] whgTleA g E HEEdEEE A 0.63~0.8
VSS-dayE B on, &4steE g2dn|
wglel HEste 51 U3F &
0.097+0.003 kg-N/m’-day, H| @2 &%

2 g5y

of
=

o Ml ox
o
Pl
i
[
Y
At
P ore
b4

il =
%, FAXAAEE 0.403+0.029 kg-N/m’-day
24T F AAT 1EHEe] F2 2o=2E AFEY
2 gdEglen, o4 gd WEgdSEE
0.052 g-N/g-VSS-day 2 Wbt 3143} 7]3F F¢F SBRO]
A Yeld NO; -N diH] COD AEF2 5.58+£0.702 e
on, 4 vES S 958 & 4714 ey uE
A9 COD AEF 4.13£0.945T} &gtk F71839 COD
ARFES A we7] GRolA fYd &Ednd o7

978 mBEY 571 2FLE AlEdTh

3) SBR +% HTHANA A= HABEY 60.8%7}

Proteobaceria®l &30tk o] & M discipulorum$}t H. zavarzinii
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Table 3. Relative abundance of dominant denitrifying bacteria
Phylum Class Order Family Genus Species Relative abundance
Bacteroidetes Chitinophagia Chitinophagales Chitinophagaceae Sediminibacterium salmoneum 4.98%
Cytophagia Cytophagales Cytophagaceae Runella zeae 1.09%
Chloroflexi Anaerolineae Anaerolineales Anaerolineaceae Thermomarinilinea lacunifontana 1.35%
Caldilineae Caldilineales Caldilineaceae Litorilinea aerophila 3.02%
Ignavibacteriae  Ignavibacteria Ignavibacteriales Ignavibacteriaceae Ignavibacterium album 6.69%
Proteobacteria Alpha- Rhizobiales Hyphomicrobiaceae Devosia insulae 1.07%
proteobacteria Hyphomicrobium zavarzinii 14.9%
Rhodobacterales Rhodobacteraceae Paracoccus aminovorans 4.32%
Beta- Burkholderiales Comamonadaceae Comamonas terrigena 7.75%
proteobacteria Hydrogenophaga pseudoflava 1.08%
Simplicispira piscis 1.60%
Nitrosomonadales Methylophilaceae Methylophilus methylotrophus 2.00%
Sterolibacteriaceae Methyloversatilis discipulorum 22.2%
Gamma- Xanthomonadales Rhodanobacteraceae Aquimonas voraii 1.61%
proteobacteria Xanthomonadaceae  Coralloluteibacterium stylophorae 3.16%
Pseudoxanthomonas mexicana 1.07%

1

N
N

d
N

T 22.2%9 14.9%9] A3 $HES B, o] vAE

Heotl g wghgd o] gavt shurl gads At
= 22 v AEE WEEHJE M methylotrophus (2.00%)
terrigena (1.75%) L3 A18td 249 &A7]50]
o7 GHA UA, 2 AFNA g ZA o5t
2 Aoz oA

rlo

Xorr %l? e

g2 w0
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